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TH4E HE®A-3B3 JETECTO?
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4.2 Detector Simulation and Analysis Chain

203

The Hera-B Detect.or'

Forward spectrometer 10 - 160 mrad

Stovertex detector:

L

—~ 1 -6 cm from beam, retractable
— exchange once per year
o lhigh granularity tracker:
— Silicon and gas microstrip at small radii

—~ Straw- or honeycomb drift chambers

Particle 1D:

~ RICH (K*)

~ TRD (e*)

~ ECAL (Shashlik) (¢*)
Muon system (DC) (p*)

o Three-level pipelined trigger and readout
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Figure 170: A GEANT event consisting of muitiple overlaying interactions
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Internal’ Targe

Introduce 8 thin wires (50 um) into the beam

halo to absorb protons leaving the beam core

Interaction Rate:

R =~ 60 MHz - ¢ - —— . 1002

ldzsigﬂ T

er = target efficiency > 50%

Advantages:
e well localized main vertex

e multiple interactions distributed over several

wires
e no interference with ep operation

¢ casy and reliable operation

rate(Hz)

nu(Hz)

n./BX

1994 TARGET TEST

time(sec)
ONLY A FAcToR 15 MISSING
MacdINE MPROVEMENTS
p- CumTr T X D, EXPECTED
R O e SPTASNOCE
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246 4 DETECTOR PERFORMANCE
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© ] VERTEX
MAGNETIC SRIELY TOR THE @ -BEAM T 200mr
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0.1 :.,‘ .. Figure 36: Side view of the Verter Delecior System showing the detector posttions. A track will never hit all but

_0.15lllllll‘lllll!lillllr!
~0.1

0.1 0.15

T4

Figure 37: Perspective view of the first Jour planes as well as of the last
During fills the detector elements of all but the last plane will be refracted f
pert of the figure

orly a group of detector planes.

plane of the Verier Detector System,
o safe positions as shown in the fower
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2.6 Vertex Detector System

VERTEX RESOLUTION
detectors AdDEQUATE FoR  CP™
readout chips WE CuUT A WM 30;0/ oF R-MEgSfoNS,
(S ~NO L0SS W CP~REACH
solid "foam”
BUT
e VERTEX RESOLUTION
NOT OPTIMAL FOR ADITIONAL
Py sICS \
B, - HIXING REQUIRES AN [HPROVE-
MENT OF A FACTOoR 4.5
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Tye Micro STRIP Gas CHAMBERS

scetch of one MSGC double layer
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He Muw Tracker

STRAW (H#ONVEYCOMB)  CHAMBERS

OCCuUPANCY < 40% FOR

5 EVENTS

SEGUENTATION OF 4 LAYER [NT

13 SECTIUNS

T 5 FAR OUT o €arm

b TyPES

PR L ECTROMICS

27

Tracker:

Particle flux = 3 - 10" /R(cm)? /sec
Trackers with different pitch required to limit the

occupancy

radius (cm) | max. occup.(%) detector
2<R<6 5% Si-strip
6 <R <19 3% gas microstrip or
pixel chamber
19 <R ~ 15% Straw or Honeycomb

TRD/Tracker

Segmentation of a superlayer:

r~

PROJECT

UNDER MANVED

/
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Cerenkov Counter

¢ C,F,, Radiator
e Mirror 4 la OMEGA

e Photon detector (10 m?, 64 modules,
8 - 8 mm? pads)
— TMAE - CH, gas mixture
— Pads covered with Csl

e Read-out system (160000 channels)

Photoclectron yield:
(Transmission - Reflectivity - Quantum Efficiency)
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‘Beam Tests

Rich with both photon detectors installed at
DESY test beam. Radiator and mirror aligned,
TMAE chamber operational.

Size of photon detector 25 - 25¢m?

Use Argon as radiator

radius # of photons

expected | 11.4 cm 14.5

observed | =~ 11.2 cin ~ 13

Expected number of 14.5 corresponds to 36

photons

Need &0 REACHED

h
(=)

26

IEST

RICH Beam




y (mm) !

<150 |

RICH BEAM TEITS

150

100 F

3o +

30 b

1 A, 1 Al 1 i ) -
200 150 100 .50 0 30 100 130 200
3 . x (mm)
both chambers with track info

BoT# OPTIONS OPERATIONAL

Cg] PHOTON - SYSTENQ EEF(CI/ENCY

= . Y3x LoWER
» oo

Decision on the detector type will be based upon:

Number of photons
Timing properties

High rate. capabilities
Ageing

Dead time of the detector‘

Sensitivity to charged tracks (background)

Cost
Production

Replacement, handling



TRD ; MaTER 142

PROFOSAL Aok TEN VERION
X 7 80 6 240

ONLY THE FWHTRD
REMAINS

oPOO _O0O00 -

18
16
14 3
12
0.1
08
06
04
02
03

WE SHowLD STwdY
E T CAN DRE UWUSFED FOR

THE TRIGGER

; ‘ - TFigure 1: Material distributions -

| WTO01 | WT02 | WT03 WT04 | WT05
n| 6 4 4 | 4 | 4
RL cells % .70 47 47 47 47

d of rohacel | 2cm | 1.6 cm | 1.6 em | 1.6 cm | 1.6 cm
RL of rohacel% 25 .20 .20 .20 | .20

total RL % .95 67 .67 .67 .67

that no frames, electronics ... is implemented at the moment.

'OCHAMBER REQTAN



Konstr@Qption of the inner calorimeter:

SHASHLIK type calorimeter (need to be tested with prototype)

Scintiltator (1 mm) L. }://0‘0

\ ,:,"'?

WLS fiber (1 mm dia)

AYRZN

oo

)
4 2

NN

it
D
2x2cm cell
W plate (2mm)
14%
Expected resolution ~ T___ { GEANT)
€

l MOLIERE

8

Y

R\

HERA - B calorimeter

Distancé from the target
Covered acceptance
Size

Weight

Readout

1315 cm

220 mrad x 160 mrad
624 ¢cm x 468 ¢m
495 tons

5768 channels

Inner

Middle

Outer

Outer size
Type
# of channels
Absorber
Volume ratio
Moliere radius
Radiation length
Cell size
Depth
Weight
Absorb. weight
Scint. weight
WLS fibres

PMT type

156 cm x 89 em
Shashtlik
2000
Tungsten
W:Scint = 2: %
12 cm
0.52 ¢cm
223c¢m x 2.23cm
12cm (23 Xo)
1.85 tons
i.52 lons
42 kg { 1 mm plates }
1.6 km

FEU - 68

446 cm x 245cm
Shashlik
2000 *
Lead
Pb:Scint = 3:6
35 cm
164 cm
5.575e¢m x 5.575cm
33cm (20 Xo)
11 tons
7.8 tons
1450 kg (6 mm plates)
36 km

FEU - 115M

624cm x 468 cm
Shashik
1768
Lead
Pb:Scint = 3:6
35 cm
164 cm
1115em x 11.15¢em
33cm (20 Xo}
36 tons
275 tons
5126 kg (6 mm plates)

127 km

FEU - 115M
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YA

Annual dose, Gy

AUG_94

Inner ECAL

e —1m  SEPARATION OF THE

CALORIMETER

E£=100 GeV

1 2 3 4 5 6 7.8 9"30
E

_ dep (GeV
middle colo x=7C, y=0



Invariant mass distribution of ete™ pairs for

minimum bias events

E 10 all tracked
S
\9: 1 P,>0.5 GeV/c
b E
8 5 GeV/e > P> 200 GeVie
£ 10
[~}
o,

10-2 (I-P)/E > -0.5

ECAL > 700* "!hrmhuh{
.3 Y
10 < A final sample

005115225335445
e'e” pair masses [GeV/c']

Invariant mass distribution of e*e™ or ut ™ pairs

for B — J/v events

g . accepted
-50_,6 t ['T-mass: e
b
a_?b;‘“‘ [ M. =3.1GeV
2021 ou =01Gev
zo0
-'s: 0.1 Ny =64% .
n, =32% O
0.08 | <
006 |- 3
.04 AR
.
002} o
0l .1 Vi 5
0 oS T 1S 2 25 3 35 4
M [GeVrc')
MUST
THE EFFICIENCY TOR ELeCTROVS " BE

INCREASED — doikn

IMPORT A NI FOR CAT AND AXNTrop L A

A

R

Muon system layout
z,= 1460 cm

fprelnipnry

2=1940 cm

160 mr

Yu.Zaltsey
14.09.94



DUMP KICKER

Too MANY GesT

NOT ACCEPTABLE

IN THE MUON FIUTER

HeraB

HERAB Detector Overlap

TISO7 T

—

S,
W
k.
N
X

First, Level Trigger

Trigger on J/1 and bb — 11 X
Reduction factor > 200
Principle (J/4 trigger):

e Lepton pretrigger (ECAL, Muon)

Follow track (Kalman filter) up to magnet

Calculate momentum using main vertex

Apply p, p, and (E — p) cuts

2.0(2.5) < M < 3.5 GeV/c? for ete™ (utpu™)




o IFull GEANT simulation
o Lepton pretrigger

calculation

e Track finding using TFU’s
TFU’s
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M. Danifov
DESY 4.40.94

PHYSTCS WITH HERA-B

e @V o W W P W

INTRODYC T IToN

Last 25 vyears ~ spectacular cuccess of SM
(¢ quark-the latest example )

o Nevertheless there are stil€ probéems

- ONg n 0[ Mass wd Buile LHC

- Origin of 26 = Build HERA-B, B facTories LHe

= 00 many parameters =p Measure 4 of them asing B

N o b hadrons can be sensitive 4o New Phys/cs

- Aong T (stiel gr’oa//z«(f./)
- Large M
-3 famity

o b physics is extting
HERA-® can do a &t of it
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CP Reacy

(See talk by T./lokse)
dssume GLh =12 nb

o BSY ks
o 46
effect
a 06 |
) 1year
B 04
. d dyeare
W st 00

-1 -0.3 -0.6 '0‘.4 ‘0‘2 ; 0..2 0‘.4 0‘.6 08 3
sin(2a)
o Smaller Gy can reduce sensitivity

o Additional channels R->D** D'~ B0k .
can i(ncrease seusitivity

o dmall sin(2p) =» Large sin(2L)
Small X

Can HERA -

EN P,

B MEASVRE L USING B%Tin™ ?

o Assume RR(R -»m*x~)=1.5.107> walp 4500 ev./ 107

(produced )

o Compavable with BP(B"—»J/Pkﬁ):z.fo'“‘_ - 6200 ov./10%s

L‘ Look for
high p_or

bpgp=

10
0 J)“/J B o

04
:0:’\ Min. biag

® Require two tracks with B->1,5GeV and M>4SeeV
® Use normal HERA-R trigger processor fo drack
and caleulate Myiy-

¢ Add pad chamber cotncidence 1o provide seed
for trigger processot

Pt 92 p3

sX small for
high p. tracks



PRETRIGCE

MRSV

Tdeg Large pTﬂla}yé P> emale AX
’ aX

o Xand Y projective .
o No deflection ix y allowed fo redice 4 of vicida,

R ™ , '

cy *
RAS@ 4 o
22480, | 1 N
Z,5540 ew BERNPEI S
2,580 e 4 3 B

Scell
coverage

A)f?_[CMJ

® The swallerthe cell size — the better but
it can wol be too small Becawse
@) Too lavge # of chauuels
B Dificully i makig swall size celts (i witechaud)
c) Nown No&e.’,ﬂvc %eomdry ou )/ oo

D 6x6 mn? the swallest cel?

8x¢
le x &

°en w11

Z %

IR 2
(4 Min bas)
Bz03T
NoTRD

lw maguet w0 I”

Pocition of the Chambere

o Qi least one chauber v maguet W oder o
~ reject cowverted ¥ (8. have P=ov aftev kapuet)
~ have additionas Iu{ob’M‘t{wq fov FLT (for € R p rizseg)

o Lact chawber tev the uelt - ematy occupaticy
a[ g —~ betler extmpdtitio 412

400 o0 o 2 L] K 000 1w tan 150

Z
® Thivd chawber requived {o veduce raudow cowidewos

1% 2,=450

Z,-2, determined ‘5\4 A)(,12 '2;540
2,-2, determived bg C"Xzz l Z4=5%0



Efficiency of Pretripses for B=an"

Number of pretriggers with three

chambers Acceptance + P> 4.5 GeV 62%
Average Ef/:‘cieucy i Ay 909,
Number E#.‘cteucy ’.KAXJZ (1"484’-'“() Ql/ A
03f
ALl 25 Efficiecy inbx,, (r>8ecu) 2%
02
0.15 E#:C:My in A¥23 910/9
oo H H Extrapeletion to T2 987,
g LI ” | I S .
03
ok |l REAL 1.4 : o Y
0.25 S—
02
Q.15
ol ” ”
0.05
- l..
8 '
o8 [ REAL
o Pr > 15GeV/e
05
04
03
0.2
vOO ﬂ h] nw 10 15

Croce tall between zlny(ggr celle ic not cuctuded



FLT

P2 - ---
° Infcmo&f«'oit: P —_— T - —-I—';: ”
= Jfowed Yes- T Tc2
alloes T

[

PT‘> 115. GCV
M > 4.5 GeN

due fo fTech.c«( reasous FLT wgs siwubated wiﬂ{

SZ;LJL{»C? dtoﬁée rewt pvef\m‘gﬁer (diflemed 2;)
LN
500 Miy bias eveuts } ceAvL

- 6 Candidates :
1 real-reald
2 ghosf - iLDSf‘
3 reae - ghost

eractioug

Reqalre (MEM (91)91)“0'00 >25=d 4 eUelfﬂL ee[‘(‘

Ma 7.(9| )sz)

Requirewent of opposite charge = Suppression x2

Ll e B B e

O [ FLT svpprecsion ~ 103 }

2% fvel - vertex suppyression ~ 2§
3" Level -~ Ondy real tracks are leff

T et s e e 8 N it et it

=D {suppression 2000 x2x25 =40 f
T Laal €l Verrr "

160 Min, Riag

100

alla aa 8 —

o] 2 4 & 8 10 12 14 16 18 20

Ml (6, ,6,) -0.0f
Maxz(pt) 92)

N

Efficiency for B°»>F*7~ = 7§
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30

20

Backgrounds (very prelim.)

Signal

n 7t moss spectrum

TTEowmdnt ' 1 '26)

igrhe

51 52 53 564

8277
0.13876~-01

MB = 105 x signal

100

M, [GeV]

Cuts:

400

300

200

7t Moss spectrum !

¢ Vertex separation: > 103
* Lepton tag: 10 ... 100
* Event topology: = 10

vertex seporotion

T

CP ReacH (Assume Gyp =12 hb)
e g;2u=43 wmb
per nucleon
BP>J/v ks B°>7*F~
e
BR 240°° 1.540°F
K reconstruction 0.61 -
J)ecay Ktnematics 08 07§
TRIGCER 0.64% 0.4%
0/ xtn " reconstr. 0,9 0.9
£ Id /7 TD 0.9¢ 0,9y
o BO reconstruction, 095 0.9%
Decay length cut 0,69 0,69
3.5.4076 3.010°¢
3105 B/8° = 1050 eov. 500 eV./year
B sin(2¢) = ‘&ﬂ%*!yﬂ ,  P=DyDrlEy =03
(Y ASi@P)=045  Asin(2d) =016 {18

o ASin(L) depends on (uncertain) background Cevef

o Additional uncertainty due to peuguiu coutyibution
can (1n principle) be corrected

¥ C



Be BS Mrrrve

- P BR
o Reconstruct B »B2#* &y ~6% x2
L Prt 3%
?ﬁ*ﬁ_ﬁ 4|3./6
K*oK™ 2.6%

e P.(De)

- - —
e A RN ] Pry A
N

i>:w == F*r(]’() } o

L S
» més“"‘lﬁe 2 “solutious
M(Dsv) = M(B3)

v= 2”135
® Select p(rs) which is closer to 185
. Mrye " "D:€
. Peyzurc Mée >4Gev S /T, <006, BR>4G
Ly 8%0 i‘aggea/ 82 deca/s per year

X s1%F can be measured

é
. B; -
¢ Direction of RY is Kknown terter. = %b

) e s

14

T

(L(.ou wixiag ) ~(m ixiuy) / ﬁo«:ﬂy round o cluded

N H Xe =10

100.0

1Y R ——
-50.0 ! NN TN L
0.0 1.0, 2.0 3.0 y.0 5.0
Z-/Z-‘(eau_
(omb/noi//‘%
0 U telrlood ~ wod s wnsw (7 beli booof
it 26
l -
| -
-10.0 = I
/ \ $6
fe
20.0 / \ -
T U "
0.0 | — - ]
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150.0

100.0

-10.0
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MEASUREMENT 0F |Vebl

¢ Reconstruct R°-»2d*+¢v
o Require |cosBil<o.y
o Average two soluzions for B, w» AY/y=0.02

SVl 10 /1.32ps
0% ,
HEPA-R |

oos | *
} A year j
o § J
3 * 5
o j
oot | 1:
oo .
10 8 12 13 14 8
Y

O No extrapolation o y=1 reguired
' (practicat?y )
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SEARCH FOR & L MIALNG

o Look Jor l(nxzt) secondary veritices o Smalt in SM (X~ 157%) = Sensitive to Mew Physics

® Suppress T and charni »’g regu/rement 2t

A Meﬁ’lﬂd Z
pre > 1 Cev [ 23 bat < » :D
ﬁ‘“”) 1GeV = D°=>D°

o Assume. that Dvertex can be sepymtfed ;O" -Zg>03m, < ot

o Jelect D° from D**

® Tag and trigger with € ;ro« secoud D
PYTHIA 56 10° b _events

1500 (v Xp=10"Y = 900 *Mixed" D°/year
"measured”
/s 5 :
oo | ‘05; Y 5emv~a+e daubeL B
T e ;z misidentification
bac}itgrcound o O{‘ e M&( K g‘c‘,
500 | beu MC subtracted ] ;2 i-‘me dépgﬂﬂleﬁfe
150 ]
o N 3
o el : A'é.z'/m, _ 4 ..o
0.0 0.5 1.0 15 25 -5
P2 [cewce] o i ][ ]l D) AX g ~ 240
¢ Remainiug backgr. from bsc cau be subhructed 10 h Jr My Systematics has tobe
using extrapolation to H6Z=0 .0 ’[ " v studied
-0
o Siatistical error ~6~10% for AZny,=03-2 mur & l . )
" 3 4 5 [ 7 ]
o Systematics ? ¢r

e Model dependeuce 7 At Peasz‘ {-Wo chavged tvack

\”6‘(‘1110{

20 C



Zc

E;mﬂ » 4 - v
;
. Pretrigger
Filter & Momentum Det. {(( + ‘N) )\k':dd" 4
I 7 Q o
! Decision | + .;>°¢ WY C&- c_,+ \-ﬁ-& Q) WY
B T WS G
] 2P ﬁgq;p'p QD ‘b& \Or’\ C/% "\;"‘&
Trigger S @ ol A &
1 e
A (e+e-’ p.'l-u—’ M > 2.5 GeV) 480/0 90/0 40/0 - 0.05%
"Dilepton" o o o
a (up, ey, ete™, p¢ > 1..12 GeV) 25% | 18% 2% - 0.01%
i "Single lepton" o - |
| (eu ,g Py > gsons GeV) 9% 7% 5% 4% -
Total FLT Efficiency
Events/year 260k (1400k| 380k |[3200k|>>M

¢
i
}

@m‘ v et M T e PrYENTEL T DS WO (4 A1 A ire el
;{ B-JiyX 15000 reconstructed B decays ¢ other CP channels
: 0 J/y ¢, Jhw p)
,: 260 k events 1400 B® - Jly Ks e lifetimes, V B
é per year 5500 B® - J/y K*© * B, Ay
B 5900 B* - Jiy K* * rare decays
7 1400 B* - Jy K** * QCD (gg — bb) ;
. 2
3 1200 B, - Jiy 0 ¢ unbiased 2nd B &
400 Ay oIy A ;
BB, —141,X B° -Eo mixing } Reconstruction of &
E 1400 k events B, - B, mixing semileptonic decays
{| peryear rare decays known:
" Vub Veb * B direction of flight (vertex)
. el * v py (py balance at decay vertex)
4
; v * v energy in lh rest frame (B mass)
; prim. vix _ — s ++ 2-fold ambiguity concerning sign
) -~ — h of v p; (in lh rest frame)
£ ’:L
!‘mu-- VO N T i e it . { -—




CoNCLUSTONS

e Detector optimized {or B34 K
can cdo many other things

§

Rich and balanced physics program

o With emall mocliftcations HERA-B can
Become even riore powerfez¢

Lp HERA-R hacg heaé%y CleSc'gh-b f’ong ife

i MORE WORK NEEDED }




CP VIOLATION
IN B-HYL,

GP (8)

® IN STANDARD MODEL:  Im(CKM- Mmmx) + 0

GF REACH AT HERA-B

PRESENTED BY

THOMRS LOHSE
HUMBOLDT -UNIVERSITY

— QfSVIFI 8 \—/;’jlYM:

INTERFERENCE \é@/

©® MERSUREMENT:

N{ B> JA KS ) =N(B > 1Y K)
NR =34 K +N(B» I KS)

Hel)= = sindf3 -sin(x-;c,*—a)

MIXiNG
x=8M 403
= =0,

"UNITARITY TRIANGLE"

(0,0 (1,0)

@ EXPECTED SIZE:

Q. L R I I DR i e o e
f‘\:‘ L
& 0.8 L 8161 —, i
4 SCHMIDTLER,
[ SCHUBERT
0.6 |- n {GLOBAL T1T
I . TO DRTR)
0.4 | HERA 7
! I PRECISION |
Y -
0.2 | T LATTICE GCD
0

ST R SPEES PP S
100 150 200 250 300 Mey
fa'@:
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CP REHACH TACTORS :

1) INTERRCTION
RATE |

EFFICIENCY OF
INTERNRL TRRGET

) bb CROSS SECT. =i

GENERODSITY OF
THE LORD,
+ BEAM ENERGY

TRIGGER EFFICIENCY,

3) TRACK RECONSTR. 4= PATTERN RECOGNITION

EFFICIENCY 4
KS RECONSTRUCTION

EFFICIENCY

4+) LEPTON/KRON ID. ==

MUON-FILTER PERFORMANCE
ECAL +TRD PERFORMANCE
RICH PERTORMANCE

5) 8° RECONSTR. 4%

VERTEX+ MRSS RESOLUTION

6) TRG DILUTION &=

PATTERN, PARTICLE ID,

VERTEXING,...
CLEVER ALGORITHMS

F) BACKGROUNDS AND SYSTEMATIC, ERRORS

I



Statistics

Event Rates

Machine

CP Reach

Dep = 0.6
~ 0.4

Aobs =DPrag Dep SIN(2P3)
Aaobs = (1/N)]/2 D

Asin(2B) = 1/Dy,, D, VN
tor Asin(2{3» = 0.1 need 1000 evts.

Tag

be/Ginel ~ 5107
2P, _, go =~ 0.8
Br(B° -]/ K,) ~ 5-104
Br(J/¥ - ete /utu) =0.12
Br(K_-ntn) = (.69

’ =101
trigger, reconstruction,
tagging efficiencv =10

= 1012

tor 1000 tagged events,
Aeractions,
o 30 MHz rate !

neea 10!
or 310 sec

TARGET WIRE SCANS:

HERA BX =10 MHz
= multiple interactions per BX !

Natural beam loss ~ 100 MHz
= rate ok with e1ticient target !

ONRY ' ' '
(3} ~
WIRE L R < COLLIMATOR
oemssmaas ¥ 12 SHRADD LY
v v
O
BERM = 8 , |
I o8l ! | -]
g Db ]
AR - e ~
8 105 : J»Lt\ Mg S i §
104> t wr/ﬂ‘/ﬂ
- € BACKEROUND LEVEL i
10301 - = 1 1 L
2500 5000 7500 10000
time(sec)
HIGH RATE SCAN:
_ 1TRIGGER _ ' SEnTS
Rhax g ¥ M bwc - Rmnx‘(i‘e =)
84 BUNCHES
T 6 w;ww”'-' Roam
\q}l 10 |» o !
5 :
10° -
10} 1
5 f i
ueP To 3.5 N
< 2
INTERRACTIONS
PER BX 1
ACHIEVED 0 - |

5000 10000 15000

time(sec)



bb cross section

1000 LA N A AL BN BN s S e s
- Tolal cross section for pN - bb + X 5
r central value, m,=4.75 GeV. A,=260 MeV ]
100 b error esumate ..o
- f T T ]
E wpETTT T2 - -
© F NASON et al. 3
’ E
1 : A 1 5 IS DU R S N R B ) T |
500 1000 1500 2000

Besm momentum [GeV)

¢ 7 N cross section dominated by quark fusion

/
8§ p N cross section dominated by gluon fusion i
10,0 ¢ B i =
L (e NAT0 -
L} cor b \s
o /o | "'ﬁu B2 gl N N
v th '___..1,‘_.' ______ i ean - . N AN
ol uary E653

i WA7H
o E789}+

OUR EXTRAPOLATION

i TRom di6
d]?rd‘r
‘)'I A saaal Ada 2222l A A a8 A
o,m 0,1 1

9T = ZM“/\‘S = X

parion




TRIGGER PERTORMANCE —

H. ACCEPTING SIGNAL - ETFICIENCY

[ accepted
o6 | [T-mass: o
‘ Pattern Recognition;
00141 p  =31GeV
012 | O =01GeV Track cllicieney: NG venex efliciency:
00| N =61% B 12 R
net = 32 (7( (L “ & § :‘::: ] _‘_—Q--—H——Q—»_‘_»’v.. -
(.08 - o / £ |- -+
"q—) 0.8 24
0.06 |- »9 [ x
RV :
.04 ! ‘ ' :DJ 0.4
_ A : =
0.02 | 02 02
. , |
§ ey LA ' J O o 7030 S0 60 v an a1 ° T RS R T R T St T e VYt e e Tr Y
] 1.5 1 1.5 2 2.5 3 3.5 4 o 1Gev! Zv.cm
M [GeVIc?)
Combmeda multi-track elliaiencies Tor j
. "1 H .
- > - 13— //l,"/\\ decay produe:s _
Wi | sete , T P
[RD/Tracker+MSGC (£t ntm=) [ ¢ = v
o | Silicon ((te) PN J
GEOMETRY ?l /o ;0 K¢ reconstruction I ¢ = ]
L = !

7
P.E-CuTS 307 50%
M(et¢) cuTs >397, 317

ETFICIENCY 6 3 o/c;z 32’ °°

7) N



a) PRIMARY VERTICES

.
3

i
> USE WIRE CONSTRAINT

C) MATCHING TO PRIMARY VERTEX

SIMULTANEOUS FITS OF PRIMARY + SECONDARY VERTICES

M

alay L

2

4

6

8 10

N GEN Neen

Figure 230 Number of reconsfrucied prnmery terfices
versvs fhe number of generated primary verfices

b) 3V +8 RECONSTRUCTION

o + = ,0
Bl Ko B> e’e K¢
%‘ T T T

% Y
MRASS

CONSTR,

—>! le— 10MeV —>| |e—13MeV

VER

(‘Flrm

523 5.28 5.33 Sz 53%

MOLKS) [oeV]

M(e'e K3) [6eV]

ELECTRONS RECOVERED BY }/%¥-MASS-CONSTRAINT

Ci:’i L SECONDARY et
T — . VERTEX > o
PRIMARY Ao TP K
VERTEX <,
-
CONSTRAINTS: PARBMETERS:
o M(£'€) = M(YV) oL 5, ~ S00pmm
+5~1,0 - (-] —
o M(2'2°K.) = M(8°) o X &), ~ 20w
© £5¢° K2 ON A VERTEX o p S 000
8
O B’ (+TRACKS) ON R WIRE O ag S, ~ €Dprod

d) DECAY LENGTH cuT

L
GL > 8 |
100 |
zouwT E
T " _
10 }
L s
= > 12 POSSIBLE _
L WITHOUT LOSS 1}

B° Decay Time

B T

IN L SIGNIFICANCE

0

1



CP REHCH | ™ = | TAGGING DIWTION [“722% % |

Pfu: 13mb/NUCLEON VERTEX DISTANCES

I. B}—> ¥4 K¢ STRATISTICS

_ TRG LEPTON KAON CHRARGE
SUPPRESSION Sy g Hy-re'e ¢
“b -‘/—-»Z W b 12y
-3 -3 c € . c
GB'E /qut 9.2 ) ’O 8.2' 'O S K
BR 13107" 1.3-10°° )] ]| Sgr(Ze.R)
TRIGGER .63 0.32 € 6.17% 46.0% 36.4-%
TRACKING. (L5 0.54 Comeeer | 11.57 31.3% 56.0%
W e b 6% - '"Oo 0
LEPTON ID G.AY 0.85 NG 6 1% +047%
° e c DILUTION
yv, B, REG. (.95 Q.6¢€ o Cow 0.43 0.3¢ 0.16
C+WwW
KINEMATICS CuTS 0.5¢ | 0.80
THGGING
VERTEX CUT 6. 69 0.69 ?T"O‘U‘E;E' 0.1% 0.24% 0.16
9 - = D € -
TCTRL SUPPR, S 0.6-107 0.3]
I07s (iYeaR)D woMiz [ 1020 events| 330 EVENTS 2
. 0s@toMiz = |Jsin(2B) = 0.]3
SSIW(QP) O Oq”
WITH PERFECT TAG )

3 D



20t A

dN / dp

1) MOMENTUM cuT

S56eV < P <50 6eV

= RICH RELIABLE

0 20 40 60 B8O 100

p (GeV/c}
J) SOFT IMPACT PARAMETER CUT
/ K
e 3
e Ne— X (Vall'() e TEntries 7 " T 2219
i100 (2} OVFiw 759.0
pnggy SIGNAL Bo % 75 F tog X 0.82 4
VERTEX 50 } R
VE, 25 } =
300 M . eilfnlr.es ! '183i4
’2 \ \’ ,) L OVFLW 0.1547€£+05%
2' (VBIK comEe 200 backgr. X 094 7]
100 1
0 -“ A
0 10 20 30 40 50
X’(VI-K)

N

3) IMPACT PARAMETER CUT AGAINST OTHER PRIMARY VERTICS

. © 500 . N 1
WIRE i400 - ) M:
Y, S'crn,> Z 300 tog X 0.84

> 200 } .

b > 100 } E
1000 3 LR et SN B

o ThEgo > el e

600 | bockgr. X 0.14

SIGNAL B 400 | .

200 } s

Slvg (K) < Twm %5 02 04 06 o8 1

6(vy.K) [cm)

K-TRG IMPACT PARAMETER
RESOLUTION) 2 GO/-LM

) INCOMPATIBILITY WITH OTHER PRIMARY VERTICES

© 0
2 :>3< 50 ‘(‘)‘ “[TEntries | Y1532
Y (V‘“K) 40 OVFLwW 10813
- - - - - Z 30 tag X 0.88
- °
\%1 o<)‘> K 20
\'% 10
X SIGNAL B 500 | Ao
3 | 'Entries 2376
400 } toviw 5620
g 300 ¢ bockgr. X 0.41 3
L0, K7 4 200 ]
100 3
0 4 L A 1

IN TOTAL: B > K-TRG # 0.S|
TAKE K-TARG * 0,03

™



BHACKGROUNDS: b) MERSUREMENT (£783, TERMILAR)

85 VERTEX cuT

a) MONTE CARLO STUDIES (LIMITED BY STATISTICS) 3/t TRIGGER 8-> v X
> 24000 ) == wm) 107 b) | —
2 p @ 7.5F
fo) o Q -] 220000 o ;_ downstream
® Bd—? YK 2YYK T K°* BAcKGROUND SR 3 | ‘ 6 EVENTS
0 T .i T ‘2‘60005‘ 38K 0_' ' P Ui A
FRKE BA ] ¢ . . - 2 3 4 5 6
DECQY w 12000 :_ 8/1!}—9/" /‘ M Mass (GeV)
—> HRS OPPOSITE CP ASYMMETRY F -8:; VERTEX cuT
8000 - 3 | EZ" A Y
> ]600 + - 1.5¢ upstream
S P M 4000 - o; I I H o EVENTiJ
= ’?‘O 4 e+e- [ '
0 oE L
2 3 4 5 6 2 6
S i, | wu” Mass (GeV) Py Moss (cev)
_— + - : ! _‘,‘.’
® bbb >27"2 X 5 52 54 56
M1 R 1) [Gevi » VERY CLEAN B—> }/“}' X
S 500 , M'aC
B e, e'e > B> }/¥ K IS EXPECTED TOBE EVEN CLEANER
® cC—o 2‘*‘@‘ X 800 _CIHFTRM BRCKGROUND
+ - %500 2 YYD
.S_ > 120, MM 400 b ]
B go"}{, 2 ,ee 200 | ]
cl. :
10000 P
® MiN, - 7500 £ e
BIRS YHKE LEPTONS 5000 [ H :J(ERTExchuT 3
- nes AL
S 5 3, MN 2500 | BAGGR EVENTS -
B 30°/o + = 0 el . )
cd 06, €€ 0 20 40
dz, Lol

® OTHER, LESS IMPORTANT 8RACKGROUND



TYPE 4: NON-CP ASYMMETRIES &/

T seei ¢f SIGNAL

TYPE &: SCALE UNCERTRINTY IN sin(zB) V
GF SIGNIFICANCE UNRIFECTED

MEASUREMENT USING REFERENCE REACTIONS :

# RET,
CHANNEL R"‘mloerscreo
¥ g *o
” N gf;}(‘i,,- ' 3. SELFTHG
+ +
B :i{:: ::+ Y., | SEL¥-TAG
B*‘_) /,q, K*‘l‘
B> )Y ¢
AR 0.8 No ¢F
/\b: %;{ fC\TT” 0.2 SEL¥-TRG

MERSURING SCALE ERRORS

TRGGING MIXING STATISTICAL FRCTOR

DILluTION DIILuTION (DECRY TIME cuT)
\ Z

A DD My s
Bs = T-DM Mt - sin2p)
~ 0.3

M(t,): | & SHRPE OF +, CUT-0TF — WELL MERSURED

rd

B> MIXING PBERA - L 9M b« 9
NG PRRAMETER — S0 20.5 , 2% urewy,

=> ERRORS ON M{,) NEGLIGIBLE

I)I_-DM: MERSURED WITH SELF-TRG6ING MODES
(TRUE RHSYMMETRY = 4.)

$sn(2B)genie
& sim (2p)

~ Hosseewep,cp |

sTaT Fopsepuep,rer TR

\

B> YYK*® aLove = £ 0.3

= SCALE ERROR SMALL COMPARED TO STATISTICAL ERROR




MERSURING NON-CP ASYMMETRIES

B UNEQUAL B, B RATES

> UNEQUAL TAGGING PROBABILITIES TOR B, B

» CHARGE ASYMMETRIC BACKGROUNDS

b CHRRGE ASYMMETRIC DETECTOR ACCEPTANCE

. - ],‘ I -
METHOD 1: NB°/N5° AS FREE FIT-PARAMETER /

=> SIGNIFICANT LOSS IN ACCURACY OF A,

METHOD 2: B°—}/YK*°+TR6 REFERENCE MODE v

Loyt~
SELF TRGGING % ALL SOURCES OF
- , ASYMMETRIES
B ¥ R (oo | e

R=3.8 —> Esin(2@),—> Ssm@p) .12
8pnou-q= £ 0.015 .X'sin(zp‘)‘yséo.os

METHOD 3: Full LIST OF REFERENCE MOODES Vv

=5 INDWIDURL  B° B BZ Bypen
ASYMMETRIES  } t* i3
B° & Bg Bgapyn
—> MONTE CRRLO PRRAMETER TUNING
—> PROBABLY ULTIMATE PRECISION

CONCLUSIONS

B DETRILED GEANT SIMULATIONS OF
DETECTOR COMPONENTS AND TRIGGER

B> PRELIMINARY VERSION OF EFFICIENT
PATTERN RECOGNITION

- FULL ANALYSIS CHRIN OF B-)/% K +7AG

| §sin(2R) = 0.13 | FOR 107 RUNNING TIME
AND G, = 2rb

B BRACKGROUNDS SMALL FoR Pl Ty

OK  For - ee”

B SYSTEMRATIC ERRORS SMALL COMPARED
TO STATISTICAL ERRORS






The Bole of B- Physics

Clean eterminations
of

the CH/\’\ Mat+ix

H'nol'rzeJ J Butas
( DESY, & Octoder 1994)

E

PROGRA M|

1. Grand View

Theotetical F'ro.meuao'rk

Motivations , Strategres

. E xPﬂreS S Pte*m'euy

OF CP Hstrmfm etfrl'es
2000 -2011

Shoppmg Lists




An  Impotlant —To,'rget
of Fasticle Phgsrcs

Vud Vu.s Vu.l ﬂ.,H,f,'rl
:H.M \/cd, Vcs \/c?: (Wolfenstein )

V{;d Vts \/t?; IVu.s, = 7'., IVC'BI = H 71,1

Vo = AT (g-i) Vg =AN(L-§-i7)
Veg =Ml ¢

(0.0) (1,0)
( Unitatity Triangle)

- AJB
§- §(-Mh) 7= 7 (47| et

(9%)

1989 - 1996

Flectioweak Precision Studies

daep , G Mz, m, , M, ,
( My, sin®,) R
Spontaneous
12000 - 2014]  |ohovtons

4

CRM  Precision Studies

VRog g . m,

- N i N o - N - N - o o . o - o . L o _ o . . o - o e m . o m




\7cum 'F»rom Tree Le'uel. I)eco,gs +Um‘ia¢|'{3 }

[Vav [Vea| = 0.08 £ 0.02

K> arev
Superalloved  Hyperon Decays
[
p - Decays v o
‘ | Vad | Vis Vu_?, '\' B - decays
" Chatm Efwd.--"’v V V B~ gev
o ducage | Vet | Vor | Vea | e—8 > oren
Vig| Ves | Via ARGUS
| CLEO
|i IVed! = 0.9%44 = 000140
' |Vus| = 0.2205 + 0.0048 |, 'umta«'tgl
[ Vea| = 0.040 £ 0.005 '

d S 2 \éj—y
o] 09t | 022 |@-sy0?
¢ | 022 0.8H:+ |(k0+05) 10™
t |(2.-15)10°|(39+06)I07 0999
E ¢

Eﬁgcedﬂi M e;so.ges From

Heo.mj Qua+k Effective Theofg

Bigt 5 Ball , Nietste ; Bemeke, Braun ;

{uke , Savage ; Shifman, Wtaltsew , Vainshiein
Manmel , Newdert .

SN

\

Because of hadtonic umncertamties,

difficult to imagme that

£+ 15% | A ]VLCZ,/VCZl £ 2001 from,
A Tree - Level
+5% |\ Vel & £ 0.002 Decays

even with improved datq, l

|Ved | camnot e measuted in TLD

_ anyway |
'\/;//( 'ﬂ.ﬂ Q'd |
Go to ‘Loop Induced Decays

E e + ICP Rsymmettes n B

}



Geneffal Structudte

H ( &) \) F( Imternal
J C KM qZQ'CD t) Conbn?ut
- 8
{Non - Pertietdat |'oe}
Parametes

Fully Calculable
im RG impyoved Plh

Con ¥e calculated,
m QCY or extracted

Shott Pistamce
from Leading Decays

d
X = 1‘1_2 Xy = ’T—E
Example ¢ ™ M

b )« [ B
VU.S < TT'-" SI"T),“GN
<

V:s th, 72,: X (%) + \/C: \éd Tlcx (Xe)

N> 1 Qc*

A (xt) known Functions
K(x) ] T e e

F <

W




’ C LQ.S_BT';I.CQT I'O"Q ] ( igg L}') (A38)

TUM - 84/9k

Class I| (TH wety clean ) Hwﬂtl'ﬂg A with
K, = a°vy | Fin B decays . Rate amd QP/ ﬂecaﬂs

iCLQSS I[. (I\M—S, Me /L‘Lc ) 6/U(?))F )

Hj-—) Tr*Vy , Xd_/xs ‘, ALF{ (w_"”ﬁfﬂ’)

B> Rae ¥V, (35d%)/(3>5%) , (B,>ua)/@,pi

Class I |("Moderote’ TH Unceitainties)

E)o‘ Eo MIXNG ( Xd,Xs) ; E)d'? 7y

& . HL—yfnée‘*e‘ ) B~ Xd.szsl; xd.s e'e

(KL —UkRlsp

* Quatk  Mixing anrd CP* Violation

Class N | (Latge TH Uncertamties) Closely wrelated in the ©f. Model
' _ . . t — |
(5/&)u, KL"}L}L ; C/fj m B /\n_-Z * cP ﬂfgmmetﬂes 62 Lot
5 Decags | |2
ecays on 2%
E q



| Present Status of NLO [_“zicb]

AS=1 AC=1 OBR=1 Hamiltonians

Rltarelli, Curei, Mashmelli, Petratca (81)
A]B + Neisz (89)

Cuttent - Custent

GCD Penguims A]B, Jamin , deutendacher, Nersz (81)

Ciuchini, Franco, Mathmelli, Reing (83)
Electroweak Penguins R]B, Jamim , Lautendachet (93)

Ciuchimi, Franco, Mattinelli, Reing (83)

Paticle - R«nﬁpa'rt!'cle Ml'xl'fng + &4

ToP Contridutions ('12;\) HJB , Jamin , Wersz (80)
Chasm Contidutions (121.3) Heatlich , Nietste (83) (44)

Rate K- B- ﬁecags

K>V, H Joy
K =ov®, B> } Buchalla + RJB (83) (94)
B>A¥Y A

Ko —> moete” AJB , Lautendacher, Misiak , Munz (94)

CP - ﬂs‘jmme‘iﬂ'e);

Flersch 2,8
m B - Decays erschet (92,93)

E 11

Reduction oF the p -dependence

( Buchalla + AJB (93))

B+ (B~ pi) = F(mt(/x) Newn, 5, T(8,))

1006/ < 1, & 300 GeV

Pate w0, uncestainty :

(23£04)40°  (LO)
(3.42 0.04) 16° (NLO)

B”' ( 85_7/"'}1) =

9

Aftes imcluding NLO

2

. X R
Br (Bs~> ppx) = [342-40"] [E(GB;.Z;] [QOZMeV]
. [V{:s ]“_ Ay omy ]2
0.040 [ 130 G:\J]

Long 8istance Prodlems in H, - FF} absent

i - Uncertainties m B> X W here !

}

— 12



'mf:)) asic Cont+idutioms

(T (P)
Class T : Decays with Trees and Rerngums
w
P> b X %
W qd. (14;1 G tij.
| 92 %
EXPTESS Bemew () )

9,€ {u.c} g.€ {d.s] gefu,ct}]

O'F Class II : Decags with T onLg.
CP H53mme1}r|’es 2 o h

9, qt*q«a € {u.,c}
——»—w‘\<93 qs e {d..S}
Class I : @ecags with P only

! %

9.9, € {d.s}
Vi G 9
9 q, ge fu.c t]

[

E 712 F Ay



Ditect CP Vl'oLaftl'cﬂJ

Need two amplitudes (T,P) (T.T') (P,P)
with different weak and strong phases
(LPT)LPP) (ST,SP)

M8 >eK*) - (B = T°K)
F(B*>M°HK*) + (B >N°K)

~ sin(P,-9,) sim (83,
(¥)

The ptesence of sttong phases
precludes a clean detetmination

Gerard , Hou ; Simma,Wyletr; Fleischet; )
CHM phases. ( Kramet, Palmer (B-—’:V\l)

Imnditect (Ml'xl'dig—:['nd.uce_d,) ,QF{J

B — Bo\ | o If only simgle decay
o Fo A amplitude : cleam
° _> 8 determination of’ CKM
Mixing  Decay (Particulasly simple if

£ = CP eigemstate )

® Gemerally need 4 time dependefnt tates :
BtY > £, B >f, B(H)> F, Bty > £

e ‘T'Q.ggmg frequred distinction detween

unmired B’and B° at t
= 45

’i)ecatds to CP Eu'gerns”toftes

Sf'n-gl-e Tree 3)a‘agfro,m :

24
—
. Xd,
HCP('F) = %cp(F) Sm(a"PD_‘P"‘) 1 +°ind
] 8 d->u -2 B

O PR S
(Decay) (Mixing )

g S (29, -Pu)

® B, decoys (2-~c)

Ba~> why  (very clean)

o B, decays (3~ ¢)

B, > v

SIn ZLPI

(clean But small)

® B, decays B>u) :

SiM dd

Need Isos.pm. Flvnalgsa's) ( Gronau

> qrter (to temove P

London

)



o B, decays (d»>u) : smlY¥ PY Usmg SUQ) Gtonou, Hetrnandez
— . - . London, Rosme+
-3 Pemngu
Bz - S H’S (BT“‘O(JO ), uncgrégmtlv;) !E-—) 7T, WK KK
Z|
® No tagging , No time dependent studies
_ ® Plausidle dymamicol Qssumptions
Othetr Strategies )
® SUB):. ¢
® Top - Peguin Dominance X} 5, ﬁJ
@ B, ->NK K : [sin'y] Howerver -
A1 w- and c- Penguns pteclude a clean
¢ CP mon-eigenstate (Heaschu){d.eteq-ml‘ﬂat.‘on of ﬁ n ¥ unaffected.
® Full time - dependent analysis Aleksan (including xda/xs sotves "B - Prodlem ")
® B+ ~ 407 auﬂ'dij Fleischer {ELecHOuoeaR Penguims con have
® Pute tree diagram decay Hayser Seafé considetadle impact om this approach
(2] .
e B~ Hf‘ : ¥ ® EClectioweal Penquins and cp
’ Play impottant tole in
o Direct LF d mp
® No tagging {Gm«m} B, > qrog | Rt Htﬁo ) B"S’ ¢ | (Fleischer)
® No time dependent Wylet
measudtements = . /
® Putre Tree's (T,T') -4 -5 ® A (Bd-%&#) #0 m SM (~30%)
® Need € decay nates (Bt~ 40 -40 ) (conttaty to wvatiovs statements)

to extrqet ¥
(B> q° KE 3'5%*5 B> DK™, DK™ efec. )
E 11

= 78



A9

2000 - 2011
EXCURSIONS

o /\ From &, BB, Vop . [VurNea)

® Twmpact of 'B- Factoes
® Sim 9:]5‘ from H*"va

® CHM without hadronic

umncedtamties .

| Expec‘ta‘t{ons Ffrom the ‘Standatd"
HnaLgsn‘s . €y, Ba- B IVua/Vea! Ven

A3IB
2000 - Picture oo
Imput
0.8 [Vea| = 0.040 £ 0.004
0.6 Nt | = 0,080 £ 0.005
T ox
= 0. +00
0l By, = 0.35 5
= 430+ 5 GeV
-40 -05 00 o5 40 JE& [:b = (180%40) MeV

Review of hadromic
_ C .
= uncetrtainties
=

Pich , Prades (9%)

Ar’z = *+*005 Ag =045 (Optimistic)

&

Go to cleamet+ decays :

® to dectease AN, Ag

® to measure [Vur/Ver |, Vey, Vidl
without hadtonic wuncedtamties
E 20



L

see Qalso
(Hli , Londoﬂ.)

1391 ~

038 £s5m 2P £ 013

-06%F £o5mad & 1.0

-40 £5md¥ ¢ 4.0

133%
046 < simAP ¢ 013

-030 £ simldd £ 4.0

1-094 ¢ 5in2¥ ¢ 085

2000
0.52 ¢ sin 2P ¢ 070

0.00 £ sim 2d. € 098

-0 {om ¥ £ 0.6%

[sin3B =064 + 008

Huge umcettaimdies
tm simdd, sm Yy

E 24

]

{

1.0

08

04

02

0.0

T YT Ty

Ampacl of smadp, [Measutements |

Q) sMmaP = 0.60:006 ) 8B =060+0 18

I: smQd SimdY = -0.50 £+ 0.40

I: smad = 0.10% 040 1 sim Y = 0.0 +0.40

I:
M: smadd = 0.60*0.40 1O_Tll_: sim 2¥ = 0.50 £0.40

~020:+0.40

1

T

—— sin2B (a) |
- - - sin2p (b}

sin2f (a}
Vo[- - - sin2p (b)
— - - sin
06 | 4

08

=
04 4

0.2 r

0.0

0.8

0.6
=

0.4

0.2

0.0

0.8
0.6
S \" - 04

O\ ~ o~ o+ 0.2

HERR-B , SLAC , HEK ~ 2000
B - FNAL

E22



Fimalists for o Clean nCP-Hsgmmetm'es in B Decays
Detesmimation of CKM

HCP (19) = F(B°—7{-’) ~[(8>f) -F = CP elgenstate

(AJB 3&) eq C (- )+ F(a°~>#f)
Gtronaw, Lond.on , Rosnet,
=YK ) 5Im Q—ﬁ Nif.sg.m’nt;l_b:%le#,zls,ik:afl.,
1. CP Asymmetries Dfovn} = emap LA
. B ﬁ g ) PQ { ‘F =rn"”'} m’) Sim dd (thet ISOSPM). ﬂnaLgs\'s)
LN - eCQ':fS

¢ No had+onic ot NAjg wncettarnties

@ No dependence on m,, Ve (A)

p (B,- B)/(8B) Mixing | \E

2. B °vY (A or [Val

3, K= vy |Aor Ve |

R, == o [Xa Ry. = Tea Meq [FM Bu]
L;. (Bo ‘g, )/(Bo_go) /\B't t JR_d‘s Xe ds "tssmgs"l-gs J—B—B‘s’
¢ e : c e é 3 EXP TH
5* Hj = qreety @ No Amg,my, Vea (R) dependence
| 7[1 @ Theoretical Uncertainty m SU().
= ety Breaking ~ (5-40%) 2

See also : (d+>d%)/(d+s%)
* Small hadtomiec uncetrtamties

(wnder control i [5] ) (B> )] (8, ips)
E2> £ 2y

o L e P gy S



R, = oV

Br (K,>mev9) = K, '—_/,J' {ch,llF Xz(mt)

3L By (Kr>10e*w) T(KL)

272 5in'Q, T(H)
" 145

X(mt) = 065 (ﬁf)

K =

| (%I"fec_t ,QP/)

= 35440

™y =M (M)

@® No hadionic umncettainties

e Agj and p, uncettamties ~ 4%

@ Strong m, , Ve (R) dependence

R )

LLSm 1B from K~ Tvo

(Phys. Lett. B)

( Buchalla , AJB) (3k)

e, bl

Y Lkgh - 407 LT 494 407
smap = 21 + = BB - £, (8) .
1+42 (B, |

P,(K)= 040009 < (mc, N, o)

My ()

|N°o M, , Vea dependence m SIm AP !

K™= qreve

7%
(ﬂdd:’h‘o'nol Chatm Contﬂ?:uti'on) L4, //5/

i

(cp Conse'rm‘ng)

@ 5mall hadtonic Wncettainties < 4%
* %
© Ag, M () Uncettainties ~5-10%

@ S5Strong m, , Vey (A) dependence

% Rein, Sehgal ; Hagelin, Litenderg ; Lu, Wise

%% Petrturdation Theoty

Eog

{B»r(w—wrrwv) = (10:014)- {07%° }
Bt (K >mv9) = (25040.25)- 4074

s5m 2B = 060+ 006 £ 0.03 + 002
L | N —
Bt M, A K-dep
4 e
y R AR ST
AR e e compasision
HL—»W\)\J E‘ _ with Hcp (q’H-s) *
0 1 8 should. give

For



3]

o~

- ) RAXY
(g,Q) from (sin2d sin 2P)
Sindd, Q = sSiMnald
SI"TLQP 5 = Sl.'n.lp
; T 3
0 =/1-7 T () A - T(Q) + 1,.(3)
| ! L
(2)- s [4:V1-2]  z=q%
(§,M) from (R, sim2p)
. Xd/xq ~ Ry ,qu = q(L-Thy |
¥§§§Q£;TTT 1= su-um)
o ]
§-14-7%6) 7= =

Im.pu.t

Input

Fi+tst Look
SiMn dd, OLO | *046 | 0146
5m2p | 030 | 048 [*042
9 009 | 044 | 008
] 0.40 | £043 | 009
[Vur/Nea| | 0090 | +0.030]*0.020
R, 1.00 | *040| * 040
Sim Qﬁ 010 | t0.418 | £012
S 009 | 045 | t0.13
7 040 | +04% [t042
[Vur/Vea| | 0.092 {0033 |t0.033

E 23

23%



AJB (94 (Phys. Lett B)

X

Lo (T =A%) F = 9w )

Determination of CHM Matsix

without had+onic Uncedtamties

Input|: o [Vus| = A = 0.2205 + 0.0048
® Q=5mlda d= sim 2B
o Br(K ~>movy) = Br(H,)
Output |
_ _ T (Q) + 1, (3)
0 = - ”f' \ =
§=4-9t@ ; 9 1+ 12(2)
h(2)= £[1tf1-2] z2-03
' 058 |/4
. o foas i?OGeV] Bf(u)]
Nl = 394407 [0 ['mt | Bk
AIVc%' = L ﬂ + 058 am, + 4 OBr(K)
[ Vea L ) m, Y+ Br(H)

Input

(2002) (2005) (2008)

H‘L _51"[0\)?

K>t s

Staaderd”
Analysis ]

*0.15

005

Ceatradl T I II
sin 24, | 0O | +008 lto.o# t'o.oz
Sim Jp 010 |t006 [t002 |*0.014
m, 110 |t 5 | +3 |3

10 Br(k) | 3 [2030 | £045|+045
4(////L
S 0072 | 0040 | £0.046| 0,008
) 0.389 [£0.0k4 (+0.046 {0,008
10" Wal | 332 | £3.9 (%43 |43
10" Vg 81+ |[tog |to4 |+03
NuzINea| [ 0.08% |+ 0010|0003 |*000g
10 Neal | 44,2 [ 43 | +30 | £9g
0 Neal | 9.4 203 |06 |:0g
£ 20




lLOthefr Lmplications

Tests of SM and Seatch for New P hysics

%
Vc%;

(vc%) =

2

Loops

Loops

(Ver)

’ Vu.'b
\AL?,

Tree ﬁecags

Tree Qeco.gs

Fossidle New Phasfcs

Contridutions

Tests  of Non - Perfusdative Methods_

E sse«n.tu'au-:, Unaffected

by New Physics

Determination thtough Loop @ecags:

!U,smg e instead of simd |

E 24

Bx | 0.83| *04%(200%| 2006
[5¥By,[200 | 249 | 8 | ¢
I I

Central 1 I il
A, 1.00 | 040 | 005 | * 003
sindp | 0.¥0 [£006 | +002 | £004
g
o | ™My 1310 | 5 | 3 | t3
—
10" Bt(K)| 3 0300145 | %045
7
5 0.0%6 |+ 0444 | £0.053] * 0.034
U 0389 |+0.0%#9|%0.033 0049
gt
2] 40" Nal | 303 |+5% |26 |48
21 ] 10° Neg 8.+ 242 |*06 |0k
Vea [Vea| | 0.08% [t0.04% |+ 0005 [+ 0003
'; iObchz,I k413 (58 |t3F | £33
=
|40 Vea) | 94 [+ 13 | 208 | t03
E 22



HEH H ‘B Topics

S dp
B: _ Bi @> ( S) 'fIZ)

Bswkp}m«) U]

RSN E A A

B /uﬁ} D Ve | [Vea] )

8in d, ¢¢?

{ > 9 ALEPH
Xg =

16 +tg (nis, LautemBacher, Oste¢ma|'e:)
19+13 (AL, London )

E 2z

1.

=~ M O +

Shoppmg List 19384 -4999

Improved Measutements of ™M, |
CDF, &¢ , LEP  (9%-96) (99)

Improved Determimations of | Vg Vi
CLEO , LEP (94 -99) Ba-B°

B~>X¥ and NLO (84-96)
K= a+vy ot BNL (95-3¢)

& at A=40" (36-98) (£ )

Frascaot|

: Impfovéd. Calculotions of B,

KL > T%e'e” , Hy > moete- (88 §>

) Ql'sco'uefrﬂ of QFS‘B at HERA-B

(392)

E 24



Shopping List 2000 -2008

1. M in B- decays

(HERA-B , SLAC, KEK , FNAL) 2000
Q004

2‘- BZ_E; ’ B—),U.p., B_;xS/lﬁ
( HERR-B , FNAL)

3. k.2 oy (200x)
(HAMI, KEK)

l*. Amt =~ 6 Ge\/
( FNAL, LHC)

3. E«recn'sn'o«rz Measm‘emerfats
of (d,B,¥) (tHe)

6. Signals of New Physics
(2 XY2)

(005 - )

Hope : X=0, Y43

26
S 5y e



Status of HERA-B

W. Hofmann -

MPI Heidelberg

Open Collab. Meeting
October 1994

e The HERA-B Collaboration

e History and
Recent Developments

e Cost of the Experiment

¢ [nstallation and
Running Scenarios

* Responsibilities
and Opportunities

» Goals of this Meeting

The HERA-B Collaboration

Humboldt Univ., Berlin

Univ. and INFN Bologna

Univ. Dortmund

DESY, Hamburg

Univ. Hamburg

MPI far Kernphysik, Heidelberg
Univ. Heidelberg

Inst. for Nuclear Research, Kiev
Inst. J. Stefan and Univ. Ljubljana
Univ. of California, Los Angeles
Univ. Mannheim

Univ. of Massachusetts, Amherst
ITEP, Moscow

Phys. Engineering Inst., Moscow
MPI fur Physik, Miinchen

Univ. and INFN Rome

Univ. Siegen

Univ. of Texas, Austin

DESY, Zeuthen

19 Institutions
132 Physicists

{"frozen" since late spring '94)}




HERA-B Organization
(until fully approved)

Contact persons

W. Schmidt-Parzefall, Uni Hamburg
A. Schwarz, DESY

W. Hofmann, MPI Heidelberg

J. Spengler, MPI Heidelberg

Technical coordinator

( Collaboration Technical
Board Board
(Elder Statesmen) (SUbSystem
coordinators)

Y

‘ Subsystem coordinators |

to be reevaluated in [anuary ..

History

Letter of Intent (151 p):

DESY PRC 92/04 Oct. 92
Progress Report (100 p):

DESY PRC 93/04 March 93
Proposal (289 p):

DESY PRC 94/02 May 94
CORE Review: May 94

Conditional Approval: June 94

Conditions:

* Show that the experiment will be
ready to take data on time

¢ Strenghten the collaboration

* Secure adequate funding

* Study options to simplify /stage

* Resolve accelerator issues

and Future ...

Open Collaboration Meeting: Oct. 94
Technical Design Report: Dec. 94
Final Approval: Jan.957?
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Detector Decisions: Milestones

Magnet:
normal or
superconducting?

Inner tracker:
MSGCs or
gas pixels?

Combined TRD/
Tracker: yes or
no?

RICH readout:
Csl cathode or
TMAE cells?

Calorimeter:
yes / no / staged?

Electron trigger:
yes / no /staged?

normal
(time, cost)

open ... MSGCs
look good (Pisa)

no (main) TRD
(material, cost)

open...
both work!

yes, maybe
staged

open ... being
reevaluated

20/09/94 1455 |
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T Slimming down the Detector

Reduce tracker Reduce muon
aperture from aperture from
300 to 250 mrad 250 to 220 mrad

!

Reduce /Bdl
from 3.3 to
22Tm

TRACKER

o

Normal
instead of tracker:
supercond. | | no TRD,
magnet fewer layers

Reduce | | Remove pad
RICH chamber in
length J | front of cal.

Material in front of calorimeter reduced
significantly

/ Total length of detector slightly reduced




Cost Summary
Proposal CORE Action taken
Magnet, cryogenics 3000 +2500 normal magnet
Beam pipe, target 250
Vertex detector 4190
Inner tracker 2440
h Outer tracker, TRD 5645 +200 no TDR
: RICH 3200 +XXXX
Calorimeter 4520 simplified constr.
Muon system 3080
First level trigger 2975
Second level trigger 1265
DAQ, 3rd level 3600
Detector platform 1500
Misc. Infrastructure 3000 +3500
Total 38665

z:Tost setip73 o R |
§2in tannel R | ]|

Target test Technical test run| Physics run

* Rates & * HERA pring * Fine-tuning &
rate control operation w. magnet optimization of
* Backgrounds & | < HERA e ring operation
collimation operation w. shield
* HOM & * Optics tests & tuning
pickup * Rate & rate control
* Backgrounds & > Test and tune ° Running in of
collimation - readout - delector
- pretriggers - triggers
-+ » Particle flux & * Occupancies & - trigger processor - DAQ
,  radiation doses chamber loads - 2nd level algorithm | e Tune-up of
=3 » Background hits | e Si-vtxdet. operations | - online farm - calibration
& tracks in det. and rad. damage - detector operations - on-line analysis
* 1, CAL pretrigger procedure = Routine running
rates & operation - calibration & control procdures
software

. h-pair trigger * (t-pair trigger * Reconstr. B,
and J/Psi and J/Psi lifetimes,
* B -> J/Psi X possible | *B -> J/Psi X likely tagging studies

W. Hofmann, Sept. 94




Machine Requirements

‘ F ® 820 GeV
* Early optics modification : ® 400 GeV
e Maximum p current s
* Maximum # of bunches
- Maximum energy for
physics data (900 GeV?)

* Lower energies ok for
testing and running-in,
but not for B-physics
(x0.5iInE=x0.1inop)

1995 1996
Target test R&D run Technical test run | Physics run

[ 1 | N I

s A 4
T~ High-Energy|Running

W. Hofmann, Sept. 94

Why staged installation& test scenario?

+ Early start on learning — Increased manpower

curve for machine and demands

target operation
— Danger to get side-
+ 96 run can still influence tracked

design details

+ 97 provides early
operational experience
with the detector

!

+ Real estate in West Hall Beware !
does not permit simuilt.
installation -

+ Good for students

W. Hofmann, Sept. 94




1994/1995 Shutdown
¢ [nstall rails
e Install utilities

1995
Prepare outside;:
* Magnet -
* Tracker prototypes
* Rear u system
(= 30% of chambers)

W. Hofmann,_ Sept. 94

1995/1996 Shutdown
Modify:

* Beam optics

* HERMES laser pipe
 Shielding

Install

* Magnet and e,p comp.

* Rear u platform, chambers
* Beam pipe

* Target prototype

* Silicon prototype

* Tracker prototypes

» Calorimeter prototype

* RICH chamber prototype

1996

Prepare outside:

* Front u system

* Middle platform (?)

--S- W Hotmann. Sept. 94

“-.0




Measurement of the B Cross Section

E789 off-vertex dimuons
based on 2 (Fermilab-)months of data,

at 40 MHz peak rate, and 0.5% efficiency:

712 E.. b) LEntries 89
’5 - downstream
25F
0 "N WIre e e
2 3 4 5 6

u'u” Mass (GeV)
HERA-B R&D run:

* 51+ 1 chamber + 20% p-system

¢ Dimuon-eff. = 2.5%

* Mass resolution = 30 MeV

¢ Peak rate =~ 10 MHz

iz about 30 reconstructed events
after cuts, per 109 s of data

Issues:

* Trigger rejection (= 10% needed)

¢« DAQ /event builder

S
.Alo
O
et
3
<
7))
I
O
o
g
©
o)
o
F

—
I '
. el

* Install front pu system

» Add tracking chambers

1997

- Tracking chambers

- RICH

-TRD-
- Calorimeter;

e Middle platform with
e electronics hut

Prepare outside:

W. Hotmann, Sept. 94
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What if ... i » Cannot learn much
: : more from target test
. = station in tunnel
th_e optics mod. R&D run - wrong optics
slips? - space too limited
- readout complicated

ERA p ring
(p-t?ea!’n & e-beam e’:rﬁlonvw. magnet | | 4og7. cia oo
optics in West Hall, © fng test & tuning of both
p beam dump)

opWYration w. shield machine/target and

detectors

* Tests cannot provide
feedback for detector
construction - too late

e Occupa: »

chamber§nds * Limited opportunit

= Si-vixdot. ‘Ql'i-ltiOHS for longet’)-‘t)erm tegts

(aging & rad. damage)

very likely to ’ i | * 1996/97 shutdown
prolong the startup * u-pair trigger ggﬁgg?n?ﬁg,t%)éhand
phasg and to delay and J/Ps; floor space
physics output!

W. Hofmann, Sept. 94

| g Tl wm ] amws | e | wer [ o
ID IName Q1102/03/04/Q11Q2/0314/Q1/Q2/Q3[04101/02/Q31Q41011Q2 03|
1 Production prototypes " ’ . ! :
2, Prototype design and R&D i ST '" — [
3 Prototype construction ; !
4+ Prototype lab tests : !
5 i Prototype installation ; e
__6  Prototype test in HERA K
7 ESmall-scale production & tests ' '
8 Production design & engineering ; ;

. 9 ! Production preparation & tests
T 10 Detector production [
11 Detector quality tests

|
i
I
I
|

12 ' Detector installation - l
13 | Detector test in HERA : |
14 |Mass Production ' o |
15 | Final design review & updates _ < E |
__16  Detector production II 1 |
17 Detector quality tests ‘
18 = Detector installation |

19 :Detector running-in

Project | Crincal RS Noncritca! I TR

Date 299¢ -

Progress enewems—  Miesione L Summary | I Rollea Up O

Page 1



Responsibilities

W. Hofmann, Sept. 94

ur[19g ypjoquing]
eudojog “Arun ‘NANI
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Beam pipe, target

Silicon vix

o0
®

Magnet

Inner tracker

Outer tracker

RICH

00 @ @ s:nquey "aun ‘Asada

TRD

Calorimeter

Muon system

Level 1 trigger

Level 2 tri‘é:ger
DAQ

Farms

Detector Hardware

DESY
MPI-HD

Target,

beam pipe \

MPI-HD

MPI-MG

Kiev
Vertex
detector

DESY
Magnet

95

95

\

Ljubljana

MEPHI
TRD

DESY
Texas

RICH

97/98 ITEP

Bologna

ecaL ¥/

AT

e
/

e

95

Uni-HD

Siegen

Inner

tracker

l]
i]

95/96  nn Pad

chambers

97

Zeuthen

Humboidt
Dortmund
Rome

Outer

96/97
tracker '

ITEP

Muon
system

95

W. Hofmann, Sept. 94




Readout Electronics

MPI (RD 20)

Charge sensitive g5
=»> (Si, MSGC, RICH?) Heidelberg, UCLA,
UCLA, ... Zeuthen

96
96/97
95 Readout board Fast data

Charge threshold »
= (MU(?N) > With links

o
VME interface
trigger bus etc.
- Rome, Dortmund
. Timing e
(DC, pixel ch.)
: 96

Bologna ? ?:ralg'gﬁter Exﬁgter
Calorimeter and software
= readout 4 A |
UCLA, UCLA,
MEPHI, ... (RD 6) Zeuthen Zeuthen

TRD-timeand  [97/98 ]
=8 charge threshold less well defined,

options (and needs) in almost all areas

W. Hofmann, Sept. 94

Trigger System

?

Muon 96 .
= pretrigger DESY Zeuthen (C40)

- ' u Zeuthen
(coinc.) Wannheim UMass (DDP)

. 97/98
Bologna ? Level-2

Calor. 97/98 Level'1 Silicon Leve|-3

= pretrigger— :{:,ggﬁr - farm

(cluster) following) Level-2 (offline
tracker farm?)

Dortmund ?

Tracking 97/98
pretrigger ./
(coinc.)

'from front end '

W. Hofmann, Sept. 94 from readout boards from event builder




e Components not covered
- muon electronics
- i trigger chambers

* Many areas, where additional
- ideas
- physicist manpower
- engineering capacity
- funds
would be welcome

* In particular, even fairly general
features of electronics and DAQ
are still under discussion

* Detailed definition of the sharing
of work among the interested groups
is still open in many subprojects

* Large variety of smaller, but
essential subprojects

target monitoring and control
magnet mapping

tracker alignment system
slow control systems

Software

Impressive progress so far

* full GEANT simulation

* cores of pattern recognition engines
* track and vertex fitting packages

* clock-level trigger simulation

Reliable software is crucial
* most of selection done on-line
or quasi-online
* no chance to reprocess significant
chunks of data
Detector calibration and data quality
checks have to be done in real-time!

Installation in stages allows early
tuning of DAQ and analysis software!

¥

Software development not necessarily
tied to hardware projects - many
opportunities!




Goals for the Open Collaboration
Meeting (and the following weeks)

Present the status of the detector
design

Review the sharing of responsibilities
in the detector construction, locate
bottlenecks and critical path items

Within subsystems, attempt for a
more precise definition of work
packets and interfaces

Review the scenario for installation
and running, aiming for the earliest
possible start of efficient data taking

| Review funding scenarios, funding
profiles, and staging options

and, most importantly

Attract new groups to join this
fascinating experiment!

Fo- 50 -






F. Willke, Desy

STATUS of HERA

HERA-B OPeEN (CouaRDRATION
MEETING

Ockoler G4-6  19ay

THE HERA ep Collider

G km C('rwmﬁam
10-20 m below ?!Oth)
5m ¢ Tunre
4- Exp. lal's
Profens: Elecioas
Beam Emyy 8206GeY Beaménagy 30GeV
Beaun hlwsv'lg /X mA Bocen Zuleuf,g S&mA
200 Bundies RO0 Buncle
éaputoudw(a’tﬁo Jlagmﬁs 45T S.C. RP Garvies
L U0 gile, AS (0% coi?s! ( design)
¥ Expaimeuts  ZRUS ( ep)

1 (ep)
HERNES (e Fixed Target) Unssr,
HERA®  (p-Tixed Torget) (fm“"b
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S0th Anniversary of Phase Stateiny

50th Anniversary of Phase Stability

1981

1984

1988

19980

1991

1992

1993

1994

History of the HERA e-p Collider

Proposal

Approval and Start of Construction
Completion od e-Ring

HERA was Completed
Commissioning

Luminosity Test Run (2X10 Bunches
Luminosity Operation

Maschine Improvements and
Luminosity Operation

n . -
The HERA International Collaboration
Canada §2Mnz RY Systems for PETRA and HERA-p
H- 8eam Tranport System
C FS R Magnet Measurement, Controls
China Work on:  H- Linac, Work on DES Vil f System,
Magnet Measurements, Vacuum, Cryogenics,
p-Beam Dump, Quench Protection, Radiation Protect
France Design of $.C Quadrupoles,
Production of 50% of S.C. Quadruypole Magnets
Israel Current Lead for S. C. Magnets
Work on Controts
Italy Production of hatf of the S.C. Dipole Magners
Neder'and: Design and Production of $.C. Correction #agnets
Poland Work on' Vacuum System, p-Beam Dump, Controls
RF, DESYN, H- Linac
UK Design of rf Systems for Proton Beam
Design Work on DESYIlf
USA Short Sample Measurements of S.C.Cabile
Cryogenic Equipment
F Willeke. DESY

¢ —2-

F Willeke, DESY

G -u-
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1
|
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| Beam Cumrent: 4omA 48 mA (aveog values )
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|| Emiklane Couit, 4-!5‘r-m-5' -
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Integrated luminosity (pb™)

HERA luminosity 1992-94
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200 225 250 275 300 325
days since 1.jan
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Betriebsarten HERAp September

310 e et ac

715.21 h totale Zeit

B 54.71% Nutzzeit

20 02% Bereit

5.98%
Einstellzeit

10 98% Fuilzeit

8.31%
Ausfallzeit



Betriebsarten HERAp Juni

'HERA-Performance

1992 1993 1994 Design
Parameters Parameters Goats Values
Protons
b z Beam Energy/GeV 220 820 820 820
N o N Beam Current/mA 15 125 40 150
3 & E i I Particles/Bunch 2 18 3 1"
2 4 o X X ] Number of Bunches 10 90 170 210
< & 53 ~ R &
- ~ A - o5 Beam Lifetime(colt)th 100 100 100 10
7 ® TS & ® 2 Rel Emitt Growth*h 0.1 0.1 0.1
.43 4
Electrons
Beam Energy/GeV 6.7 267 275 30
Beam Current/mA 2 125 30 58
Partictes/Bunch 26 1.7 2 38
e Number of Bunches 10 54 168 210
ﬁ Lifetime at top Energy 5 10 10 10
Q
8
) &P
g Spec Luminostty 25 5 12 R e L
> Peak Luminosity 0.2 1.4 4 1% cm it 30
o Iintegrated Lumi 0.06 1 5 pe!
N Luminosity Lifetime 4 6 6
~ OperationaiEfficiency 10 27 40

VO e ekt

G ~A7- G- 18-



PRo1Ton AcCELERATION For HERA

HERA - Ppoton RiNG PARA hETERS Nuenber
— oF
Averge | A Best DESYE
g3 | on] o 35 :chg'f Protorrs 7.56VC
[10%] - L
Beam Energy /6oy 820 [ 820 (820 80 | 820 ;
Beam Current /ma Rs | 40 | 6o | 60 |159 10 ‘ 3GV I » m&vz'
# of. Bundats 80|10 (20| 483 | 210 m)"tzp‘ ALY —0
Particks perbuwdde (10° | 18 |34 |4z | 44 10 S H@%ocvc‘ "égm
) X 0
Trovsvesse Emikance 115'rm 2 | IS 10 | 15 | 20 : (V'
(Wilﬂ‘, i Vﬂl) o . + -+
Long.Emitance, /evs  10.08 | c.023 |o.089| bice9 | o3 Beam Homattum [Gele!
Bund1 Lengfa. 046 | C42 | Q3¢ |04 |05
Beum leee Measures planned.
DESYR Evhr. Sept enlarge apadare.  WkD 9%
I - We large apeture impr. lush. NEG9AS
pP-Weg Qperure.
4% | Peren zvj.cept. énlargeapecture WSDAS(9¢
FETRA. Lifetine. Improve Couteols oy ¢
I {Pm heserasad  improve Coutels (Nev 94
{eedback
0% .
Iﬂ: Pe—wej Aperluﬂe / Cg:_ﬁg_gbg#x(bf WED ”Af/‘z4
45y, | HEPA bferiue 406V’ CHEEdRATS
N | ueea amp JWPRIFd Coudenls | feed 7.
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4 October 1894

HERA-B OPEN COLLABORATION MEETING

Beam Optics for HERA-B:
Gibt es eine Latticemoglichkeit?

presented by
Brett Parker

For partial installation of the HERA-B
detector in the Winter 95/96 shutdown,
essentially all changes to the lattice
must be completed at that time.

... aus der Not eine Tugend machen.

RERA-B Collaboration Meseting

Acknowledgements

HERAe Optics: R. Kose

HERAp Optics: T. Sen
F. Willeke

HERAp Abort: M. Schmitz
Polarimeter: D.P. Barber

HERAe Rf: W. Méller

4.9.1994

Accelerator Terminology & Useful Relations

For a given beam emittance (phase
space area) the beam size goes as B1/2

Therefore, one can scale the effect of
an aperture limitation at point 1 to
another point 2, somewhere else in the
accelerator, by scaling the transverse
dimension by the ratio (B,/8)1/2

31/2

"Envelope Function"

Examples: 40 mmx sqrt(32m / 80 m) —> 25 mm equiv. size
‘ 44 mm x sqrt(250 m /980 m) — 22 mm equiv. size

For complete description need amplitude, B, and phase, 'l""fdsln(s)
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4.9.1984
HERA-B Collaboration Meeting

Accelerator Terminology & Useful Relations

dx
ds At places where B is "large"
transverse beam size, X, is large

angular spread, 9%/4 , is small
F Quadrupole

TN
N—l

D Quadrupole

dx
ds
At places where 3 is "small"
transverse beam size, X, is small
angular spread, 9%/ , is large

Rule of thumb: Effect of angular kick is minimized
at locations with where B is "small"

Caveat: 0. = -1/, ‘:’B/d$ ~0 ‘@*

HERA-8 Collaboration Meeting 4.9.1934

Accelerator Terminology & Useful Relations

Good places Bad place
for kickers for kicker

A quadrupole is focussing in one plane
and defocussing in the other. Can get

- net focussing from quadrupole pair
/ l (i.e. if further off-axis in F than in D).
W Good place
D" "F for wires
B large B smalil

Rule 1: Don't let kickers get too far from quadrupole.

*

Kick Angle & 1/ 5o gize

Must increase gap, so lose in kick

Rule 2: Don't let kickers get too far from each other.
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HERA-B Collaboration Meating 4.9.1994

HERA-B Modified Optics: Summary

. B(dump) as a function of 3*
. 1 k
Kickers can move back & only overlap muon system. B* B(Dump)
* Optics are available with B* variable over ~ factor 3 (m) (m)
(i.e. 70% in beam size —> knob for optimization) 20 250
* Viable injection optics, with B* = 57 m, now exists
(i.e. do B3 squeeze later, similar to H1 & ZEUS). 32 197
L 57 151 )
* Kickers must overlap muon system
(only small ~ 20 cm shifts can be considered)
* Abort system is now quite marginal at top energy
(all parameters pushed to respective limits -> risk).
Note:  Optics with higher B* (i.e. 3* > 30 m)
are more forgiving at top energy.
HERA-B Collaboration Meeting 4.9.1994

Conflicts, Changes & Challenges in HERA West

In addition to making new abort kickers, shifting/replacing main quadrupoles
and adding new support infrastructure...

HERAp:

* Add detector field compensation (bump) dipoles (order new magnets)
* Collimation (scraper) system must move (phase advances marginal)
* Lopez monitor & other critical diagnostics must move
* Skew quadrupoles (decoupling) must move
Approx. Polarimeter Laser Vacuum

Pipe
Elov.

HERAe:

* Polarimeter laser path intersects HERA-B magnet
(move laser to surface, is difficult fix & impacts HERMES)

. Lonigitudinal feedback system displaced by QB quads

* Superconducting Rf displaced (DM 1 Mio & 15 weeks)

* Compensate detector field at electron beam location.
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Fig. 9. An overview of the HERA polarimeter.

ey mov— - —_—— - — -
i ’ Teilschnitt A-A
i i .
H wrnselbelewchteog
1 Ko ranafortallurg | Belewchlung, Rovchmelter wsv.
n . o 2~ Stewer- » Sipgnattibel
A - - Kdet
Kastzhy- |
c3= - Vatwentabel
£ fochdecklel : — o,
-7 g L. it -—
i . &] "
017 o T] 2™ [ d 2- Stever- o Sigrsthobel
H 7, % LZ] I
3 i — - Vakoues 2l
# PR J r Troatpartd ] - . ’ Sipnathab
H H Teeirsem | - | 4= Stevar- o+ Sipnatiaset
i Y= ] 8 g=TTeptes { T E e oeherasiatel
L 3 | * ] L1 »
s V= W AN 1 e
sy x 44 T3 [} I t tachgerend ! e
Srreatafileltung —— 1 | ~——  Sicherungz- Abgangrbrst
aruiaftlelluny 1 )_l 1 1 'rr" ‘m;;hlp'\;r iten ‘{!’,:
fprgen Y e O e = s 4
2 e- W s t .
Fir Ot /) T -Q- — ;';Yv'\'lfrl;‘;: .
g ST fleAir o i
Seect ety ._:_ 4 flfems Stee
e ) 1 1 e i
- Koulrl ved { ¢ bam
= ..
Lohdyhietey N y
\ R
Vi Cavitp- Kar'ung ataltationen 1a
Evenche Y PO i i .
Abravpieftung \ Fagneta@iivg warelanfang
Elearmgrieltay \\\ Sesamtvisser
. N
8
Tarvietinick del 2éiis__r
R YA PASHER PASH L PAAS R FAR BT
K BV R HRT
o
.hu:i._
™
|
H
Pttty
=
s
X

(Y




B e ]
oo e g X SOOI e s M. 11

S e e . o AT e ., e S/
o . Lo el el " _

v

o —

SO s r:“"-'f:'um"?'

~y




HERA Straight Section West
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2 COMPONENTS OF THE HERA-B EXPERIMENT

“
N

¢ COMPONENTS OF THE HERA-B EXPERIMENT

HERR PRGTON RING WEST HEAR PROTON RING HEST FUER HERAB
‘ ‘
L] ¥
t 1
z g
g N
S 1L4E-0) o 2.28401
o )
g g
g g
© 1. 08E-01 v ].3EE-01
7.20E-00 1.12€+01
3.506-09 5.50€-00
B.86E-09 8.36E-02
r T
> 6.4CE-D . > 1L.O0CE-00
e =4
£  1.268-00 Q  2.6-00
e g
8 1.9-00 G 3.006-00
o o
v 2.366-00 ¢ 40D
v v
*
Dump  Wwwp _ Dump wWwP
Figure 21: Horzontal end verticel # function and horizontal dispersion function eround the West Hall Figure 23: Horizonal and vertical 8 function and Aorizontal dispersion fanction around the West Hall for the
) dump compatible redesigned optics.
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} Rate Requirements I

e physics goal: §[sin 23] = 0.1...0.15 (1 year)
= requires: =~ 1000 events/year

Klaus_Ehret
MPI-K Heidelberg
HERA-B Meeting
DESY Hamburg
4-Oct-1994

o a1 BR s and (\{h( 1e11¢ l(\

= ~4-10" i.a./year = 40 MHz
Test of the Internal Wire Targoet (1 year = 107 sec)

o HERA - p:
e Rate Requirements, Motivation l)un_c-lz-}};quellcy: 8 - 10 Mz
design current - 160 mA: N, =2- 10" p
(1993: 15 mA, 1994: 40 - 50 mA)
o Wire Test Measurements in 1993 lifetime: 7 =~ 100 h

= natural loss rate: =~ 60 MHz

e Internal Halo Target

- Setup, Rates, Efficiencies

- Fluctuations and Background e |
required target performance:
e Status and first Result of 1994 < 4 > interactions per bx
eHTarget > 60%

e Summary and Conclusions

N\ Y, \_ W,
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Motivation for Target Measurements

Proof of principle:

high efficient target, high rates
Background at e-p experiments ?

Stable rates over a, long time:
<4 > la./bx distributed over different wires

Efficient operation of the target requires:

— experience with HERA machine

— detailed understanding of the machine

Study multiplicity, event topology etc.
and compare with MC

Experience at high rate enviroment:

test of detector components, e.g. PM,
chambers, silicon, electronics, and daq
System

Infrastructure for fina) experiment:
BPM, target control, connection to HERA

Unternal Target

Introduce thin wires in the heam halo:
e Absorb protons leaving beam core
e Protons pass wire (J(1000) = Interaction

e Well localized vertices distributed over

different wires

mechanical stable, easy to operate

data server, etc.

J

\

=
{
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Principle of a Halo Wire Target
protbon
cAensity
P | Parameters of Proton Beam I
WIRE
\ E ® [y = 94/30m, €/, =~ 3...6 - 107%rad m
N\ S —  0,,,~0.8/0.4 mm
ire <
\ 5 e typical collimator settings at ~ 100
_ . g e number of bunches and currents:
with wire in the hald =
| N ‘_;S 1992: 10 bunche & 150pA

72100 h

1993: 90 bunches a 150pA
7~ 20 h...500 h

1994: 170 bunches a 250uA
7 = O(1000 h)

——

IEIﬁ('i('nt competition with collimators needed !

What is limiting the efficiency ?

Diffusion of Halo Protons
requires: small vp and large 7

(fast a,bsorpti()n) design: ~ 200 bunches a SOO,UA

L = 160 mA
Multiple Scattering in Target,

Ae= 0%, © =14 MeV/py/Xine/Xraa

requires: small G-function, low Z J

\

==
!
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~
!
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ILocation of Test Experiment I

HERA West, 118 m upstream from West Hall

(long cable way and difficult access)

North Hall

/ Internal Target
Test Sctup

= Main East
Collimator WH109 Hall

West Hall Counting HERMES

House
¥ Secondary
- Collimators

South Hall

o first measurements in 1992

e improved and extended setups
in 1993 and 1994

¢ measurements parallel to e — p Lumi

operation

N

[Target Test Setup 1993 I

Veto Counters

e

Orift Chambers
Hortzontlal Wites
Vertlcal Wires

Trigger Counters

N

Scintillator
Hodoscope

0

e
T

1.0 ' 20 z/m
acceptance: trigger = 100%, hodoscope = 50%

- CU - Target
G 6mm x 0 25 mim

——

2 0.4% X,

- A - Targel
1.6mm x 0.25mm

Ar/!l ~ 0.5 Theam

= 250 turns = X;,,

—

|+ 32mm

vp =2 1...10 o /sec

10-sigma
beam envelope

[
100 x'mm

!
[
|
[
|
[
{
{
I
|
{

J

I ~?2-



|Wire Scansl
e : ~ C T ' | - T T
{Elecmomcs and DAQ 1993 ONras
[ N
2 12 |
10 |
Dall Chamber e e= e ————— '
Amplifier -
Discriminator AT S|D|F (o — L % ; ll : % ,
CAMAC-TDC 2 g :4 g ? Ir a :,:,, F
J — - L{a|o A p-VAX :‘J ?
-- Common Stop T S 5 c 3200 8 ;_
S
o Shaped Pulses ‘_3 g \ 3? é
ghng;li'f' | Tune - Slop g S ‘g @ \ 10 L . L L ! . !
Discriminator EF § ‘§ g‘ ;:ti' i '/\\" 8 :/1 2500 5000 7500 10000
Logic: 21814 E time(sec)
——— Concid : Tay AITEONY
g Siop - Snaped Pulsest ik Tarpet Efhiciency:
p—— Py 200 - Il . o —— T -~
vy T ep = IMteraction rate R_np
,,,,,,, Lam loss Rate Nejy, — N
= 1 ' = T 1 B
o T 6000 ™ - = = —9 .
¢ rates (ea,C 1 secon ) g i 7o o® o Al wire 1 aCIllBVGd
-1 ©
. - < wm  Cu wir
e tdc, adc, fadc’s etc (with 10 ... 20 Hz) ° - .
o N
. . | N
¢ lhera information 102 2. N
. s K okoon o
e typical measurements over one electron fill s N
(- S NN
.3 N\
10 |- L N P } .
8 10 12 14

) \ wire position{o)

r - T o



Dependence on

Collimator Position

Wire position fixed:
® —6.50 (dots)
¥ -5 0 (triangles)

move collimator

4 N
High Rate Wire Scan

we cannot directly resolve multiply i.a./bx
= max. measured rate r = 1/bx

e but the # of interaction/bx follows a
poisson distribution

| 1 B S
(nmt = —Alog(l — - ) }
3 € {])x .

e - accept., fu, ~ 4 MHz
T ' T '

rate(Hz)
S
T

N/ BX

0 i L ch — | T

5000 10000 15000
time(sec)

Nint > Do 3(]%' of (l(‘Sig]

! Il)x

x 103
o SEassnssas T
T1400 .
k] - . ]
© C 1
1200 , .
[ ﬁ ]
1000 - v 9
800 :
: v ¢ ' 1
600 v N _
- ' . j
b .. B
400 v . -
200 |- ." .
0".?,1,.u_11...|.g‘-.,ul..,.‘
5o 6ese? 8 9 10 1112
coll. pos.(0)

I — A




Drift Chambers I

small setup of 4 drift chambers:
- two in each projection
— each consist of 4 layers with 8 wires
- using CF4 at = 3000 V
- operated at moderate rates

)1 e Q.0
| - 00
200 | 210 220 230 Z/m

e drift velocity: = 0.1 mm / ns

e impact parameter resolution @ target
Tz/y & 8 Mm
dominated by multiple scattering

Correlation of X and Y,, 1 Track per Projection

I ~ AL



entries

entries

40

\ Tracks from Target I

impact parameter Y

impact parameter X

Cu/h
Cu/h| /
.AI/.h| +
' ¢
Vl;oc.kground ]
R
b4

pogdy PR } ]

$rote L t et
[ ¢ + ¢ +H+++¢ +’ + +++ 4 ‘++#+‘
40 —20 O 2\0’./‘:\'?m 40 -20 O 22'/‘;:7m

1 200

150

1 100

50

100

1 50

80

40

e obvious difference between background and

target interactions

e clear evidence for interactions from target

e possible to distinguish two opposite wires:

AYire = 6 Mm
AZ e =0 mm

~ Aytr(lcks

~ Amf:‘acl«s

entries

entries

entries

Background

e 4-fold veto rate (~ background rate)

i~ FT ) I j T 3
I F i
:5: 108 - trigger _=
e g A
10° 3 3
104L ]
3 4—fold veto = baeli qeounck 3
T - _Ll__ - _.-r..p....A_.__lA__ .

3000 4000 5000 6000
time(sec)

e ZEUS-background (@ = same time)

— . T —
Z£1500 |-
2 L

S W

I})1000 — -1

(3] | 4

500 |- i

0 — L_ PR S | ——
21.2 21.4
time(h)

= background stays stable, despite small
spikes after large wire movements

] Parallel running possible withouwt problems

S F AT T Ly

Ly, T




( Long Term Fluctuations I

HERA-B requires stable interaction rates:
= frequency analysis of counting rate

ol

N = |

. { Kook
@ g M l Lika [ | o ‘]}L [\ !
i ~SoRyg o
N |M| ’ \J\\--ﬂ'&r SN TPV WP r,__,h_)
i

v

o] r

LI,
“W“:juT - g O'V'I,W orTIE
f i £{f -

e Source well understood:
— mechanical vibrations (below 50 Hz)
— HERA power supplies (50 Hz to 600 Hz)

e Leads to rate modulation:
Orate = 0.13% < rate >

¢ Corresponds to a jitter in the beam
position of 10 - 20 pym

e Didn’t affect the efficiency of the

experiment

\.

~N

rate/bunch

current/bunch

T -4y -

-

_‘\

J Short Term F luctuations_'

Measurement of individual bunch
contribution with Flash-ADC’s
worst example (1993):

0.2 }-

0.1_- : L N

10 20 30 40 50 60 70 80 90

bunch

¢ timing problem while mjection (under
study)

* would affect efficiency of the experiments:
we would lose up to 30% of interactions
if the detector handles up to 6 i.a./bx

J
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‘ Asymmetries and Target Control I

Important to distribute i.a. on different wires.

left-right / up-down asynmumetries

for 4 hodoscopes

005 01

0.15 o2t
Aw

e Magnitude agrees with expectations
(geometrical acceptance)

e Provides a sensitive and simple tool for
automatic control

\

T -

r )

l Improved Setup for 1994 I

Why continue with mcasurements?

Didn't look all questions solved?

e There are still open problems, questions ...

— Experience at higher p-currents and
higher rates

— Event topology, multiplicity, vertex
distribution on wire, etc.

— Bunch to bunch veriatiens, ductuctio
e Long term experience with HERA
e Develop target control

= Requirements:

e Measure rates up to 40 MHz
— finer granularity of counters (2 — 12)

— improved base of PM:

Ippm = 30 MHz = 15 nsec « 10 m\ /50 €2 = 100 mA

e Measure individual bunch contributions

/




e R

e Better track/vertex resolution:
= set of 4 double sided silicon counters

e [mproved target control
= independent rate monitoring, access to
HERA data, better user interface

= new daq system neccessary
(higher data rate, several cpus and tasks):

‘ Fully unix based vme readout

VME-LynxQOs
* FADC
* CAMAC I.F. C-CLUSTER
- ANALYSE
papTPpp i = UNIX-W.S.
.......... | P CONTROL (UIF)
*“ADC, TDC , F EVENT BUI(LDING :
* SCALER, etc F BOOT SERVER. ETd
lil_scsi
DISC
*
VME-LynxOs UNIX-W.S.

* SIROCCO ' MONITORING
* CONTROL .
JIATA-SERVER
| ' [THERA
EC-PC (DOS)F— ONSOLE-PC T ZEUS
* TARGET (SEDAC)| | “UIF '
* SCALER : * HERA-DATA — TCP/NI>
: -— NOVELL
ACCESSTO T CONTROL . @DESY N

HARDWARE | .
\_ ' ,

I A .

s (ﬁScan with all 4 Target WireSAI

107 T T T T ” T

rate(Hz)

"u/Bx
S
~r

10 r .
3 :
10 L 1 4 | " . L i

0 5000 10000 15000 20000
time(sec)

e moved all 4 wires into the heam
® countingrates up to = f,, = 7.5 MHz

e rates up to ~ 30 MHz (4i.a./bx)
@1/3 IDesi;-;rn

® Tp =~ 30oh

175 My
= dix

w
I ‘ -
3 ZoMqu
c m?[_ i-\t’touc,'h\ ~ratle ' = ]
10 ﬁ
10°
———

\

%

J




Determination of Interaction Rate
We cannot directly resolve multiple i.a./bx,
E) e o 3 ] maximal measured rate R.e.s = 1/bx = {),,
@ vert. % vert. Cu ]
g 10 ® = u * | . . . -
B | < g ¢ n;,,/bx follows a poisson distribution:
= s i u + iy in
" ; = , g ' ’f' I% 7 105 . 1 1()!_)) (1 le V\)
F 3 _ ] e 2 _ meas
L < A bx — e e /) BRe=t
to*l -- - R ) ———— ~
| s s \ \ T
4 2 o 2 B—‘*;-‘**;;%L;‘;wi e = accept., f,. =~ 7.5 MHz
wire position x(rmirm) .
e Counters with slow acceptance € = O(1%):
- [ RSTE - no saturation: R..c = € R,y
= hori._al T e EOTTTTTTTT .
€ oL f G , — allows independent check
&S ~ i’ ‘ —
= g . |
= | t ‘- ‘@“9 )  0.14 T T T
' - ¥ {22 &
108/ d t '3 < P
E 1 Y - ;Eo 12 |- ]
{ - = :
! ?’} g e £ o1 | in
4= -o p A N
' d L 1 ) 1 i . ! : ] 'j < 0.08 .'. J
e 8 4 a2 1 P :Ja a i .Mr
wire position y(memm) 0.06 _- \ m.l..!‘l
0.04 PI i tﬁ-??u?rh IHMI “-I
e beam position and collimator positions 002 I.,., AT | ;

. . . ' vt pd s e~ " S - *. % - o) b
agrees well with different independent o — “":’9‘” corr =Rint
measurements ° 2000 000 o000 2010 g

\ J \ trigger rote(Hz) J
AN I B 2 lg )



High reate Scan

10000

W
33 2
i 3 3\ x
I p .
+ o (nd
Ty .
E &=
L i
$ T+
A
£ I
<
v
&
B | 3
[
{
J K
; ; .
] ~3
- 5 ~
: 2 y
P £ £
. C
,-
|
! R I 2. L. "
e o o % ©
{(ZH)90i (zH)"u xg/™v

20000

time(sec)

44 :

Q;-\t ~ Lo Mul‘gr.

Influence on Machine Parameter

“Unethe mecwsucengat-

S

T LA
~Ih)

e
1{

Preton cu rent

i

tau(h) current(ma)

wire(o)

target eff,

14

N/ BX




Conclusion '

eHTarget > 60%

N, > 3 @ 30% of design I,

Background:
- H1: no problems

— ZEUS: LPS and FNC sometimes sensitive
Further Tests required

Fluctuations:
- long term: harmless

- bx-to-bx variations: caused by injection

Target Control with Assymetries:

looks promising, needs further
improvement and investigation

Test Setup 94;
allows detailed studies of multiplicity,

bx-fluctuations and vertex distribution

4

Further Plans

Next Year (1995):

New Target: 4 independent wires
smaller stepsize of 0.1 um

PM-Bases: active Cockcroft-Walton bases
(will be used for the HERA-B calorimeter)

Target Control: Silicon Counters (Pixel)

etc.: Standard Operation of DAQ System
with FADC’s and silicon-strip detectors

1995/96: NMove in West THall

(~
) o]
7

e new modified HERA-B optic

e vacuum tank with parts of silicon detector
e magnet

e parts of muon system

e prototype detector elements

e tracking chambers
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®* boundaries:

e ARGUS - coil : 18m < ra 34w

® operature .....: 200 wrad

PRt [300 w racl be\nc\ivzi plare
A60 mrad V\on-bl.v\diwa P(nm:

Ly Abwm x A2m  hole tn fromt ?lnnc

A.

Z. \Z.L(m x 3bm  hole iy beek th&

3. ARwm pd ~distance

4 Pols\\apc_ parallel to dpcra"u.m bou.m:lav:,
n a distance o6 ASem Cspace for
dramber  conshruction )

¢ _'ELQQ\_(‘“&_E Gl s\-voﬂ fields cutside the vnqand-
& small in 2- directon
Liw bed by loss of maanch'c Cield
B width i 485w
depth i 88w (rtduced. loss )

o_choawm ber nstallation: 2 doots AT w 32m

Field disteibution i centeal plane

o _thickness of the walls; nowhere a %«q{'u‘ Clux
Hn tn the Po\e

NAFIAT .

¥ s



‘ Covrclitsions

e the maane’t is one year earliers avauoble,

8 i ®[
sl
, a:!E ] B but loss in Sa, s Awm~ 6N — aw ~ BlwV
T - o | _
1 i i | ":: e Jgain n the qcc.cp\m\c( for sott \)ar%«c\es
| 2 28 2 _2” f | e cheaper Ln construckior.
. 'E::l;j.,,‘ 5 ) 3\'2«\1.\- {'cchnico.l. \t(.(ﬂ.\:i.\j.\*:‘
i L Opaa,\‘{\ni coxs‘*'_ _
- : ® 20% mh@:c\ poroex conwm‘Skom than p\'0poso( uer st
¢ bubt wore Ythanm so\Porcovxchvaa cocl
g ® bd‘ no Q.x{‘ra °P“Q\-mﬁ *ea.m nccessarj
i
(LE
I
] i| 7
- 11
¢




N

lr**fYﬁéa\

3\
o R IS

A

'{urf}v"-\;‘. Tl dane bl Vs, \0<P§— Yield compaynation

S

bor e elechvan fezom

using Yhe, HERA -

TAT\A simulatton @ C-O'ls'-ﬂ.qmﬂﬂ switthed 10 worwa) cowc&uch‘ws coul

RADIUS = 2.5cm, integrated fromz = ~2.1 toz = S

s Mo c%toam.ic.s ouh‘kj for the Compmso&iovx wd

i

® no Suﬁbor‘- &'&M

. relative multipole coefficlents .

- -

* order normal . skew .

. = .

. 1 . 1.00000000 o .00000000 I)‘F‘>l‘
DoaToImE L e i Quaduopl
- * - . -«

. 4 . .00000000 . .00000000 \?\ Stx\:upol_

. 3 . .00000269 . .00000000 . c u_o .
. [ . .00000000 . .00000000 . uhqt (o] ws (S
. 7 . .00001020 . . 00000000 .

. ] . .00000000 . .00000000 .

. ] . ~.00000562 . .00000000 .

* 10 . .00000000 . .00000000 .

= 1 . -.0000111) . .00000000 .

LI ¥ ] . .00000000 » .00000000 .

e 1 . .00001355 . .00000000 .

* 14 . .00000000 . .00000000 .

- s . -.00000170 . .00000000 .

> 16 . .00000000 . .00000000 .

- 17 . -.00002273 . .00000000 .

¢ 19 . 100000000 . .00000000 .

LIS Y | . -.00004277 . .00000000 .

« 20 . .00000000 . .00000000 .
..t'0.'.ll..'..."..'.."...."...‘.'I‘.'.."I.'.."'

. Ltnﬁes't wul

\-ipoL :

Stx\-upal. < Al Q the dxpol,
® p\-o\~ov\ Kicd due Yo A\POL (*ltld'. /1 W\\‘a&

mﬁlw{'lm& Lield evrocs Q{y M?m\'on Yeam

o ‘Vl’fm&uc.jnoln *0 ‘“&e clcsx‘c&’n. ltlec\,s
® Presentabion of the ?rcli.w\(mvj AT A clenlob



MAFIA

FLIT TRENY )

310/09/94 - 154401

VERAIOW(¥320.0])

TBiY.DRC

EEKEA-R Xa-1/2 Te-1/2 f=1 SPULE=ARG )20.G W.REImSCE

MACEETIC FLOUX DEMSITY IN VB/Me«2

#LINEPLOT

+ 0008«

-4.0008-02_|
X-MmeuLINE) 47 )
T-MmSELINS:  §0 1
4
LIME AT X/M1  -.4300 ~4.0002-02_]
TN -.e000 |
T ]
» ¢ xy — 1
-8.0008-02_]
-200
4
~oa20 |
=.240
T 1 T T
-3.00 -2.00 -1.00 .000x+00 1.00 1.00 .00
17 30/03/94 ~ 15144401 YERSION[v20.0] | @Biv.omc

EERA-3 X=-1/2 Y=-1/2 %=1 GPULE*ARG J20.0 ¥W.AEINGCE

MAGUETIC FLUX DEWSITY IN VB/K<*2

I-MESKLINE

T=-MESRLIWE}
LINE AT X/M0

T/

a2
40
-.4300
~.8008

¥y ——

1.00
4
900
4
-600
a00 |
200
4
0008400 _]
4
4

-.200
T T T T
-3.00 -2.00 -1.00 .000Ke00 1.00 2.00 3.00

)

Cyt 1~



SPULE~ARG )20.G  W.REINSCE

2.1

Rmed/2 Ym-1/2

MAGERTIC FLUX DENSITT TN ¥B/Res2

VEASIOW(¥320.0) EN1Y.DRC
000400

-1.00

- 1514
-2.

10/09/%4

~3.008

-§00

«000Be00, |
4

=200

~.400

M A FI A o
#LINEPLOT
romsmLres: 47
Tmsioem 60
LI AT I/ -.4800
Ym:  -.s000
‘1ey

A2

The basic ideas

® current densities to generate a homogeneous transversal B

(by Kaiser)
1.

filled with a homogeneous
current density

) current density proprortional

to sin4 at r=r,

® solonoid with variing density

of windings for compensation
of the longitudinal field

AN
(@mmm \ / 2 = electron beam

Vv
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DETECTOR CHALLENGES FOR HERA-B

REQUESTS TO THE DETECTOR FROM GEANT STUDIES

S.NOWAK
DESY-IFH ZEUTHEN

HAMBURG, OCTOBER 94

MUON System

100 cm




MAIN EXPERIMENTAL CHALLENGISS

MAIN EXPERIMENTAL CHALLENGES

¢ Interaction rates of more then 30 MHz: multi-
ple interactions/bunch crossing

e Interaction rates of more then 30 MHz: multi-

; . . ¢ High effiency and large Background rejection
ple interactions/bunch crossing

* Capability to reconstruct B decays, especially

* High effiency and large Background rejection B°B° — JI&W K ta N
. pt R Ffu_- bz f
o Capability to reconstruct B decays, especially “* T

-

¢ {
}14-}‘.. ¥ ¢
- ! ﬂ- {-
or  ete or ¢ X

0 —
BB —~ J/¢ tag X
K +
e multiplicities and secondary interactions

¢ radiation thickness of the detector

® occupancies

HABGE AN
-

e multiplicities and secondary interactions
e radiation thickness of the detector

® occupancies

HBGE AN
K-2 — K-



EVENT GENERATORS  (LUND)
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Mean multiplicities for long lived particles
(> 10" sec):

at vertex secondaries
(e'/e,y p>10MeV)

800
600 | (nucleons p > 50 MeV)
400 total 250 total 725
200
o b NS DTN DTS DU T FUTTE DTS TS T charged 118 gammas 400
0 S0 100 150 200 250 300 350 400 450
total multiplicity neutral 131 e /e 290
1000 F
oo F baryons 25 charged mesons 22
500 F photons 116 protons 7
250 |E
) - gy neutron / deuterons... 7
0 50 100 150 200 250
charged mutltiplicity
1000 ¢
750 F
500 |
250 [
o Alllll‘!lljlll_l_LlLlll

0 50 100 150 200 250

gammo multiplicity

K -6 — K ~ 40—
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Radiation and hadronic absorption thickness
¢ take event tracks

¢ switch off magnetic field

switch off any physical procéss in tracing

0.14

add up the radiation / absorption length up to a2
a plane at definite z and plot it as function (x, y) o]

Planes at definite z 0 -

z = 200cm entrance into the magnet

N
I

700 cm exit from magnet
z = 860cm entrance into RICH
z =1315cm entrance into CALORIMETER

Mean values in % Radiation length absorption length

z = 200cm 0.12 100 40290 206400-2%0
z = 700cm 0.20 =

z = 860cm 0.25

z =1315cm 0.47 0.16

/\l - A), - K =3 A (\ =




Absorblion length at entronce into calorimeter
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DCCYPANCIES:

Occupam“,y = wumber of hits / chauuwel
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Occuponcies in outer trocker

03 F z0ccuponcies in MSGC
0.2% 0.035 F
02 | 003
; 0.025
0.15 3
H 0.02
01 F 0.015 E
oos £ A 3 001
0:““ s rodt - o e N o et I 0'0055_

20 50 60 70 80 90 o"1.1111lAl;AAAlLAAAl.An.lAAA‘l; T B
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LEFT RIGHT ASYMMETRIES OF
THE DETECTOR,

occupancies in SVD .

007 f AVOID (if possible) any left right asymmetry
0.06 E
005 Example: Electron beam pipe
0.04
003 X = 45.8 cm
0.0z | y =-81 cm
0.01
0 o 1o I 1y LZL IS P BT AN A arar |
25 30 35 40 45 50 *
Occup =l{plote NR})
] {
| '
H T2

40 000 events BB — J/W K; + “é(

N K -9 -



For R = 9 cm:

Nror of particles lost percentage
L* from J¥ 36212 ' 282 0.78
L-" 36111 591 1.64
7+ from K¢ 25190 121 (94) }0.48 (0.37)
- 7" 25190 335 (253) |1.32 (1.00)
K* tags 8249 10 (9) [0.12 (0.11)
K- tags 7902 39 (29) |0.49 (0.37)
et tags 728 4 0.54
e~ tags 813 7 0.86
pt tags 779 11 1.41
p- tags 753 11 1.46

Ko-272 - [ -



MUON System

Conclusion:

You will find them in the talks about per-
formance of the detector
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Outline

DESY - 4/10/94

MPI Kernphysik Heidelberg

K.T.Knépfle -

ktkno@enull mpi-hd.mpg.de

o Geometrical Layout
¢ Radiation Damage
e Readout Electronics
e Technical Realization
e Concluding Remarks

e Introduction

The HERA-B Vertex Detector System




Purpose of Vertex Detector System

e,u (40 GeV) T

4{20 GeV)
Bunder study_,oll (; r
9mm < Kg (50 GeV)
p 77 B (140 GeV)
(1 Tev) o 10 more tracks
"B
Tagding B
agging e i (30 GeV)
Jsculations -> Lepton tag
riytion ~ 0.67 (pT> 1 GeV)
€~ 10%
K720 GeV) dilution ~ 1
Kaon tag
{misses vertex)
£ - 50%
dilution ~ 0.8
o Reconstruct J/¥ — £+{~ vertex (0.7 mm)

¢ Reconstruct impact parameters of all
tagging particles (20-30 pm)

e Separate primary vertices of multiple overlaying events

¢ Reject backgrounds from charm and minimum bias events

Conventional vs ‘Folded’ Beam Pipe

detectors

ring vacuum

ream pipe

14 MeV X
oms = Oys-d = —e/c\/*—-fh pe = p-siné
Pt Xo

14 MeV/ie [ X 2
2 _ . 2
o = Pt Xo +siné R1)" + Oger-

(1 GeV, 10 mrad; Be beam pipe, 350 um thick, 1.5 cm radius — 66 um )

secondary vacuum

ring vacuum

secondary vacuum

L b



Baseline Design

V(V)A

72 mm ;

52 mm

x {u)
=

1+ 10 mm

17 planes between 8 cm and 2 m from target
10 to 200 mrad of polar angle coverage

Constant inner and outer radii of 1 ¢cm and 6.2 cm,
respectively, up to the distance of 1 m from target; beyond,
inner radii increase in accordance with 10 mrad wedge.

Alternating stereo angles of either (0°,90°) or (45°,135°)

Each plane is built out of 4 x 2 single-sided silicon detectors
each of which can be cut from a 4" wafer; strip pitch
25 pum, readout pitch 50 pm.

Views of Vertex Detector System

3
10 -] r [cm)
7 200 mrad
B—.
6 — //
4 —
2—
10 mrad

0 P | L I A AL (N BN S BN S B e p

0 50 100 150 200 z{cm]




Lean Vertex Detector Designs

“"Mariin~ (proposal)

x
(evaluated resp. generated by Jorg Rieling)

Designs ( x-y = (0°, 90°), u-v = (45°, 135°) } :

o ‘Martin’ (proposal) 17 SL : x-y & u-v views alternating

e ‘Martin & Jorg' 12 SL : x-y & u-v views alternating T - —— T

o 'Hartwig’ 8 SL : x£2.5°, y+2.5° 2teml
¢ ‘Mike' 15 SL* :  x-y views & macro pixels

o ‘Mike & Jorg’ 10 SL* :  x-y views & macro pixels

e M&H&J 8 SL* : 2 x-y views & macro pixels

* plus one macro pixel plane

Many parameters evaluated — e.g. :

0 0 100 150 200 2lcm]
o radiation length rfem]
) . 10 “Hartwig”

e impact parameter resolution 1 sorems
e number of hits per track * o i::
e azimuthal angle coverage o
. i

4 —
o ... i
o ... 2~ 10 nwad
o wafer size A

0 A B T T ] T T T T ] Al T T T [ T T T T I T T

0 0 100 150 200 Zlcm)

r [em]

Capp and /anﬁxlxaq poodaic X i bl
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Y-Detector Front View'
Geometry I

For redundancy, the tracks should traverse at least two
pads.

In the present 17-plane detector design, this can be
accomplished if

¢ The outer ~ 2.2 cm are covered with pads

e two planes, containing nothing but pads are added
for the low-angle tracks.

This still leaves at least 5 microstrip measurements per
view, and 7 (except in the outside corners) in an
orthogonal view.

L

i ]

10 mead
Figure 3: Side-view of the microvertex detector. Heavy

Figure 1: Front view of a y-view detector. The inner
regions are covered with 50 micron strips. The outer ~
2 cm are covered with pads of area 3.6 mm? (2.6 mm?)
for the 72 mm (52 mm) detectors.

The last two planes are replaced by detectors containing lines indicate the regions covered with pads.

only pads.
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Impact Parameter Resolution o, vs Polar Angle
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Resolution and Radiation Lengths for J/¥ Signal Electrons
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Number of Hits per Track
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\/4»71 Schematic Summary of Designs

‘Martin’ ‘M & Jorg’

‘Hartwig' ‘Mike& Jorg’

I.P. Resolution

Hits per track
Radiation Length
Module Construction
Module Support

274 Level Trigger

WESTE®N
DTSN T®

Coverage at
r< 14 mm, ¢=45°
Other features BY Blw?2)

F F

F w, Fwitl

B F Sheios 4 prnt
F w

B B

w B

w W

w2) W2.4)

1) Highest symmetry in azimuthal angle

2) Detector size too big for 4" wafer

3) Shielding cap closer to beam axis

4) Non-standard detectors & pixel planes
resolution in x-y views asymmetric
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Radiation Environment

FRITIOF prediction for 900 GeV proton-copper interactions at 40 MHz

w”' ) NEUTRONS  PONS KAONS ELECTRONS PHOTONS

e At an interaction rate of 40 MHz the total flux is
o(R) = ¢1-(Lcm/R)® where ¢, = 3 10" cm 25!
is the flux at B = 1 cm;

-+ ‘annual’ fluenceat 1ecm: &, = 3-10"* cm 2

Leakage Current and Full Depletion Voltage

yv)
I 72 mm .

$1

L(®)=a & W b-r- (arctan(%) +arctan(L/r; — 1))

1

I2(¢))=a.¢l'w'b.r1.(1~L_h-H-—l)

a Il Ig
(C]] (10~ Afem] | [wA] | [nA)
0° 06+0.1 0.55 0.21
10° 1.3 1.19 0.46
20° 28403 258 | 0.99

T B | VrD(280 pm) | Vrp (250 pm)
[C)]{l/em] (V] (V]
0° | 0037 348 278
20° | 0.018 169 135

Leakage currents after exposure to 3 - 10'* particles per cm
Full depletion voltages after exposure to 1.5 - 10'* particles per cm
Damage parameters from 650 MeV proton irradiations (Los Alamos).

L
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Full Depletion Voltage as Function of
Flux ¢, lrradiation Time t, and Temperature T

Effect of Operating Temperature

(Ziock et al., NIM A342 (94) 96-104)

Two counteracting (beneficial /detrimental) annealing processes :

70 - exp(—0.175 - T) days
o 7 = 9140 - exp(—0.152 - T) days

® Tg =

Vrp = vz -t
+vs-¢-T,-[1-exp(-t/7s) ]
+va-¢-(t+7L-{ —1+exp(-t/7)})

(stable acceptors)
(metastable acceptors)
(acceptors from r.a.)

(vz,vs,va) = (1.06, 1.34, 3.80)-(W/3004)2 - 1072 V ¢m?

> 200
~N
= ng
2 s [ 10 deq, 280
©
N

160

. N
¢=310"/s/cow
14¢ |-
Sris
120 -
woe
¢= 0
<
a0 +
& L
metastable
40
anti annealing
RO
¢
N 20 a0 60 80 100 120

L - A7~
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-
o~
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Effect of Detector Thickness

V.gepl / V

L

40 &0

_49-

a0 100 170

Elopsed Time / davs

175

150

125

100

75

Rotation of Detector Positions

We 280 ur 5C
‘We 200 @ W C 50
We 280 uw 12°C
W 260 um 10C

caerp

40

1
80 100 120 0
trradiotion Time / d

L -2 0~

52cm

IZZRRETRY,

1 = 30 v e
®2 . 1,79

w e 300 um (0°C
w =280 un B C
" =200 pm 1OC
W 280, 12C
* = 260 urr 107 C

omer»r()

20 40 60 80 100 120
Irradiation Time / d



Increase of Leakage Currents

Pion Irradiations with 190 MeV 7+ Beam at PSI Flux ¢ typ. 7-108/cm?s Fluence &, ~ 4 - 10'?/cm?
(K. Riechmann, V. Pugatch, K.T K.) e
e IRRADIATED : é 1 af & Warm2
Pairs of SI/RD20 Pin Diodes, 3 x 3 mm?, 350 um thick E b e cos2
- Biased at Full Depletion Voltage (FDV) L
- Operating Temperatures of 10° and 25° C, respectively S F
os}
>
x 0.6F
0.5 mm thick, @ 40 mm Al window 0.4}
02}
300 MeV/c . . ° 7z . £ [ | L
L RD20 pin diode (9°C) 9% 50 100 150 200 250 300 350 400
nE1 V% Elapsed Time /min
| |
____ = | BES ~ Ch f Full Depleti
Ny Xt Al-foil ange of Full Depletion Voltages
Polyethylen [\ Ap20o pin diode (25°C) ¢§°’:1 =6-10° / §m2-s , ¢7T™ = 1-10° /em?s
‘onisationchamber ¢ =17.7-10"" /em 7™ = 1.3-10M /cm?
Vacuumchamber gm0 - 2t
% %200- :
> - .
¢ MEASURED during irradiations at 0.2 Hz : It
- Leakage Currents o
- lonization Chamber Current, ..... sof
o MEASURED after each irradiation step and after different . S S— o st ,
. . 0 1 0 050
annealing intervals : Elopsed Time /min Elopaed Time /min
- |-V Characteristics > 23%0
- C-V Characteristics 3 §m
e DEDUCED damage and annealing constants of 3 Sl
- Leakage Current 200
- Full Depletion Voltage . . 150
100
<0 ©
L -24- - R RS S L . .
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Preliminary Results

¢ Damage rates a scale with NIEL
(similar to 1 MeV neutrons)

e Damage / Annealing parameters are of similar magnitude
as those found for 650 MeV protons at Los Alamos.

Predicted Evolution of FDV at HERA-B
(¢ =3-107 /cm?s)

(K. Riechmann, Diplomarbeit, Heidelberg, 30/9/1994)

LI,
--------

P ]

=3
Z
— 250
)
200}
—
150F -
100}
50
9%

. i n 2 N N L " . "
20 40 60 80 100 120
Irradiation Time /days

Radiation Damage - Conclusions

There is increasing evidence that the Vertex Detector System
for the HERA-B experiment can be designed such that it will
function during the desired operation period of one year (107 s)
as specified:

o leakage current in each strip diode < 1.5 uA,
full depletion voltage in each detector cell < 200 V.

Measures and Safety Margins

o Choice of detectors with a thickness of 280 um or less
e Operation of detectors at about 10° C

e Rotation of detector positions

® Use of single-sided detectors which can operate at partial
depletion

o Implementation of novel guard ring structures

e Operation of Vertex Detector System at slightly larger
radius

o Theoretical evidence that bulk damage is about twice as
large for 650 MeV protons than for relativistic pions.

New Development could change whole scenario !

HLL Pasing of MPI Munich is producing double sided strip
detectors which can be operated at bias voltages up to 600 V.
Irradiation tests of small prototypes will start at Heidelberg this
month.

L -24 -



Alternatives to Si Detectors : GaAS & Diamond

CERN/DRDC 94-21
DRDC/P36
. . May 35,1
o Higher Radiation Tolerance ay 3. 1994
o No Need for Detector Coolin . ~ R&D Proposal ‘
o Negligible Leakage Current ¢ ’ Development of Diamond Tracking Detectors for High

Luminosity Experiments at the LHC

M.H. Nazaré
GaAS Diamond Silicon Universidade de Aveiro, 3800 Aveiro. Portugal
Band Gap [eV] 1.43 55 1.12 B. Foster, R.S. Gilmore. T.). Llewellyn. R.J. Tapper
.. Bristol University, Bristol BS8 1TL. England
Radiation Length [mm] 23 122 93.6 ¢ Tohiie P
. . S. Roe. W. Trischuk®, P. Weilhammer
Mlp S'gnal / 100[““ [E] 12900 3600 8800 CERN, CH-1211 Geneva 23. Switzerland
. . 0
Mlp Slgnal / 0.1 /0 XO [e] 3000 4500 8300 P. Delpierre. A. Fallou, E. Grigoriev, G. Hallewell
CPPM, Marseille 13288, France
T. Ali, D. Barney. D.M. Binnie, P. Choi. J.F. Hassard, A.S. Howard. N. Konstantinidis
S. Margetides, J. Quenby, G. Rochester, R. Smith, T. Sumner. D.M. Websdale
S Imperial College, London SW7 2BZ. England
tatus L. Allers, A.T. Collins, V. Higgs. A. Mainwood
e GaAs detectors of 200 um thickness are yielding now more King’s College. London WC2R 2LS. England
than 20000 e~ from minimum ionizing particles. D. Kania, L. Pan

Lawrence Livermore National Laboratory. Livermore California. 94551, U.S.A.

P.F. Manfredi. V. Re. V. Speziali

e Diamond Stl’ip detectors are EXIStmg and Worklng Universita di Pavia. Dipartimento di Elettronica. 27100 Pavia, Italy

- ‘Collection distance’ still too small, typically 100 uzm and
INFN - Sezione di Milano. 20133 Milano. ltaly
DRDC recommends approval of diamond R&D poposal P56 in C. Colledani. W. Dulinski. M. Schaeffer. R. Turchetta
Septem ber 94: LEPSI. Strasbourg 67037, France

S. Han. W. Kinnison. R. Wagner. H. Ziock

. .o . . '
demonstrate radiation resistance of diamond detectors.. Los Alamos National Laboratory, Los Alamos New Mexico. 7545, U.S. A

‘demonstrate significant increase in signal (about 8000 e~).’ KT, Knsof
NP N €

R . L. hard £ Di q G A Max-Planck-Institut Kernphysik. D69029 Heidelberg. Germany
€55 0 1a dASs
SyStematlc comparison of radiation hardn mond, ' D. Fujino. K.K. Gan. H. Kagan®. R. Kass. C. White. M. Zoeller

and Si is stifl lacking. The Ohio State University, Columbus Ohio. 43210. U.S.A.

J. Conway. R. Plano. S. Schnetzer. S. Somalwar. R. Stone. R..). Tesarek. G. Thomson
Rutgers University. Piscataway New Jersey. 08835-0849. U.S. .

R. Frithwirth. J. Hrubec. M. Krammer. (3. Leder. H. Pernegger. M. Pernicka
Institut fir Hochenergiephysik. Osterr. Akademie d. Wissenschaften. A-1050 Vienna.
Austria

* Spokespersons.
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Possible Configuration of a Readout Scheme

Specs for Silicon Vertex Detector Front-End

sesee

10 MHz READ CLOCK

........

aeoad

L R A X
ssvcssessensse
eesssssessnsen
ecssenssseosneeur
DIMXMruov—~rceg

ANALOG OuT

}

OPTICAL FIBER

sesesnes

e Channel pitch of < 50 um

e Adequate signal processing for lowest possible noise at
leakage currents up to 1.5 pA and input capacitance of
9 pF

® 128 cell deep 10 MHz pipeline

e Deadtimeless readout within about 10 us

¢ Moderate radiation tolerance of < 200 krad with the

readout chips placed at R > 7 cm

Signal Processing

;

sassssffacscssananenccsssccss

2

C:
ENC? = aq,. T‘,"" + ay- Iy, T, 4 -

4

a; = (43e” /pF)*-75ns, a; = 1/4-exp?2, Cinp = 18 pF

1600

1500 /

ENC / electrons
-
Q
)
T

1300
1200 -
1100

1000 | o

T.  O0ns
Tp = 30ns

900 -

sernOpd

L To=i00rs =
800 - Toe200ns vx 2
Tp=300ns a= ,3
700 F . - Tu.ogt

| i 1 i 1 | (P
0 025 05 075 1 125 1.5 1.75 2 225 25

Leokage Current / uA

600

Deconvolution : S. Gadomski et al., NIM A320 (1992) 217. h-22-



Readout Chip Characteristics Riso Sinis Rl

Name APC  AACC ADAM  FElix  APV5 9y
Source PSI St. Cruz  RD2 RD20 RD20
Pitch < 50 um ° . N
ENC < 1500 ¢ @ 20pF o . o . ®
128 cell pipeline 0 0 o .
Indep. R/W . . * °
R.H. > 1 Mrad . . n/a n/a . Felix noise
W-Freq. > 10 MHz ° . . . ° \ZJ 1600
R-Freq. > 10 MHz . ° . x
Peak Time 75+ 25ns o . 25 ns . . 1400
128 ch version available o . 95 5/957? 1/95! | Ipreamp = 600 uA
[ ENC slope = 34 e/pF
1200

| ENC baseline = 386 ¢

Status of RD20 Readout Chips

32 ch protoypes bonded to separate multiplexers under tests :

e FElix (AMS) : tp =75 ns, ENC/e™ = 386 + 34/pF
e APV5-RH (AVLSI-RA) :
tp =45 ns, ENC/e™ = 450 + 50/pF

32 ch FElix multiplexer : 25 MHz clock rate
APVS5 multiplexer : designed for up to 40 MHz clock rate

APV5-RH in production
Bias control chip for APV5 in production

200 |-
Next Steps

¢ Evaluation of 32 ch FElix 0 23 s o as e
- getting two chips mounted on testboards from RD20
- getting VME sequencer from RAL C(pF)
e Participation in APV5-RH hybrid/testboard designs

(in collaboration with RD20/RAL)

175 20 225 25

L-29- L -%0-




Detector :

FELIX Chip Bonded to Single-Sided
pn Junction Detector (CSEM)

50 um pitch

50 um R.O. pitch
6 cm long strips
V=70V

| ' ' g 1 I

T
4% cuseps:  Juecane ]
e 19 S3ay “ B :
~ean- H <30 [09S av-8R.S1%9.79 1T
AL IR EE L B T1 Y
LI | I 11u8Ay 79 10TS
LUl mp i 13 E3my e 8

X:
<¢

R | 1 2 -3 38wy C w3
T2 -

Id = 600 pA
. Am60keVy

S/ =36

1 D -7 §w o
FEEVERR | N .€

Analog Signal Transmission by Optical Fiber Link at 25 MHz

IN GaAlAs LED Si PIN our
S50m
CLC406 BUF634 FIBER CLCA415
(294/852 mW) HFE 4020 OKDS 62.5/125 SFH 250V

Main Menu

TN, e

YT e

. dwpws 1 0V
-~—-»—-—j 1 U Chan 2
Tus 20mv
- 7 616 ps [ —
EXT 0.95 v D0OC CH1 10mVv % ~
—_J CHZ2 20mv -~
T/div .1 us




Analog Signal Transmission by Optical Fiber Links Mechanical Setup - Constraints

e Speed (Daisy chain of two 128 ch chips possible by now!) o Retractrable detector arrangement

5 By"a"_‘; Range e Invariant alignment of detectors within subgroups at least

e Lineari

e Noise e Little and low Z material within 250 mrad horizontal and
) 160 mrad vertical acceptance

? Ageing . .

? Radiation Hardness e Shielding detectors against RF pickup due to passage of

? Match of Optical Couplings beam bunches

? Power Reduction e No significant impact on HERA proton ring vacuum

Evaluate alternatives like optical modulators,..., copper quick and easy replacement of detectors

— ROMAN POT SYSTEM

Off-Detector Front End

(As much electronics off-detector as possible!)

Input: analog signals of all 165k channels

Digitization

Masking of Hot Channels
Common Mode Correction
Pedestal Subtraction
Cluster Finding
Sparsification

Output: formatted hit cluster data

Llhat - 9 Il —-2% -




. / Arrangement of Detector Modules
i honeycomb table

Al foil

0.6 m
secondary
vacuum
tectors
e detect
fiber
/ z readout chips
= —
proton beam V " \ / #16 M7 | r=2cm
pr— l Al bea
target wires detector detactor cap mpws solid "foam"
, 2m
d S

beryllium

Rl HERA 1ing vacuum

8tcm




Selfsupporting Detector Cap

o Electron-beam welded 200 um thick Al cap now available

L

{OJ/A i~ ,/)ou(l;&

=25 -

Alternative Cooling Scheme

Kapton cables

RQ chips / Drivers

Heat Drain

7

Materials for Heat Drains

Cooling pipe

p a Heat Cond. X, FoM Cost
g/cm®  107¢/K  W/m/K mm DM/cm?

Si 2.3 2.4-42  80-165 94 11 3
Al,04 3.9 8.0 30 72 2
AIN 3.3 5.3 165 85 14 5
Al 2.7 24 237 89 21 .
BeO 2.9 8.7 280 144 40 16
Be 1.9 12 201 353 70 20
Thornell 1050
Diamond 35 1-2 1500 122 180 10°
H,0 1 361
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Concluding Remarks

e Geometrical Layout
+ new designs featuring improved performance
+ basis for sensible final decision now available

® Radiation Damage

- severe

+ lifetime expectancy 1 year

+ promising new developments

¢ Readout Electronics

+ RD20 chips - Felix & APV5-RH - meet all our requirements
+ final version of APV5-RH in production

+ proof of principle for 25 MHz analog optical fiber link

o Technical Realization

+ six months contract with most experienced design team
(engineer/technician) to provide mechanical and engineer-
ing design study of Vertex Detector System

+ prototypes of thin selfsupporting Al caps produced

e Less Developed but ‘Straightforward?" Topics
- cooling

- pumping

- cabling

- off-detector frontend

- alignment

- out-of-tank detector modules

¢ Less Developed and Not ‘Straightforward' Issue
- how to prevent resonant and transient power losses of
proton beam in vacuum chamber

e Time Schedule, Costs
+ proposal outlines still valid

L “%9‘— L_QO_



F. Eisele 5/10/94

=y
[ . h -
HERAB Inner Tracking = \' .-
f—
Tracking and triggering near the beam pipe with -
— very high rates B
ery hin T ~LIEC -
—» high radiation loads o
radial area: 2<r<25cm 2
| angular range > 10 mrad ) . 5
. ; \ - -—
specific challienges: - _g
A~ S
® charged particle flux: »2cm <10° mmZs-1 L - f
® ~1/r > 6 cm <104 mm-2s°1 -— >
o g
® radiation load/year > 6cm 0.5 Mrad -
detector requirements: ' ! -
-—
® high rate tolerance -
e @ OCCUpancies small << 10 % .-
@ spatial resolution <120 um } -—
@® robust against aging effects and -
high radiation dosis -
t——_ area per detector element small <= 40 mm-2 il }, 13
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Microstrip Gas Chambers for HERAB m

o for r> 6 cm T

excellent high rate capabilities up to 108 mm2s-1
( very small space charge effect)

natural stri'? ranularity
RAB

needed for H 300 pm
< occupancies <6%
resolution 75 um
large areas at reasonable prize up to 25x25 cm?2 &
——> this would be the the best choice
but there are several serious questions:
We need a robust detector which can operate for > 7 years
@ tolerance against aging?? up to30 mC/cm¢"w',:
o long term stability of substrates and electrodes 7&”
in high radiation environment and under HV
so far nobody has buildt or designed a system adequate
:o~artafall 34 mmt for HERAB
o~ w“’fu:? £ 3.'l '- note: accidentally HERAB requirements are almost identical
Coi f}MSMM to the requirements for the CMS MSGC tracker

—® we also work on a backup solution 8“ PI'MI!
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Dnft plane (glass 100 um) Quartz spacer (3 x4 mma)

Detector Substrate (D263, 300 pm) High vacuum glue
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640 strips , 10 readout chips a 64 channels
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Characteristical numbers for an MSGC solution
( )
1) detector properties
pitch 300 um
strip length 19 to 25 cm
active area 19 x19 cm? and 25 x 25 cm?2
height of drift volume 4 mm
gas mixture Ar: DME (50:50)
2) expected detector performance
counting rates 104 mm2s-1
occupancy <6%
gas gain 1000
electrons per minimum ionizing particle 50 e
average strip muitiplicity ~1.8
resolution for primary tracks <90 um
( for angles < 40 mr )
3) operation requirements
charge accumulation 4 mC/year
(negligible aging over at least 7 years)
radiation dosis .2 Mrad/year
\_ J

0 %ﬁﬁqﬁjh;?ﬁwanWL%~HM%;ﬂﬁ
+ M)ﬂfkt dmw (}&f
Q)ﬂ’}i(xﬂcw ..

~

M
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MSGC

A) number of single strip detector layers:

inner tracking: summary

e ™\

before RICH: size 38x38 cm?2 36

before calorimeter: size 48x48 cm?2 12

total number of strip layers: 48

vertical strip layers: 22

u strip layers (+75 mr) 13

v strip layers (-75 mr) 13

trigger layers with digital & analog readout 24

\ J

B) number of individal detectors and strips:
( ™
in front of RICH:
36 layers x 4 detectors 144 detectors
640 strips/ detector 92160 strips
detectors with trigger readout 12
number of trigger signals (4 fold OR) 7680 signals
before calorimeter:
12 layers x 4 detectors 48 detectors
896 strips/ detector 43008 strips
(_number of trigger signals (4 fold OR) 10752 signal)
C) global numbers:

(number of detectors 192 detectors\
number of strips 135168 strips
number of trigger signals 14529 signals
active area of detectors 7.2 m?2
gas volume 30 IitersJ

-

Cor efhmk; ~2,2 HOH
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Readout granularity for Pixel Detector CUI:{ el } 5 >
occupancy / readout cell is kept below 1.5 % \ .
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Time Planning and Milestones for Inner tracking

may 95 first milestone:
decision on basic solution MSGC or Pixel
up to may 95
MSGC's:
in progress -optimisation of detector geometry and basic
MSGC tests
-high rate tests (short and longterm) to study
aging effects and detector deterioration
-further studies on ion migration...
-basic detector design and assomdly of test
in progress detectors; preparation of assembly line
-tests of readout and trigger
Pixel detector
in progress - single cell tests and simulation
gain and space charge effects at high rates
and resolution (also in B-field)
- aging tests and radiation hardness
- design of detector mechanics and readout
in progress cell structure, covers, field shaping, inte-
grated readout chip
95 start of mechanical construction
first full size prototype detector and tests
design of readout and trigger electronics
1. half 96 assembly of first layer; prototype of support
structure
final mechanical design
prototypes of readout electronics
mid 96 2. milestone: test of prototype detectors at

HERA

M 25—
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l Design Goalsl

The Orier Tracking Detector (€11 must provide

¢ p and Z measurement in almost whole acceptance

region, down to r & 20 cm

sufficient iinpact paramicter resolution to reliably
link information from other subdetectors (SVX,

RICH, ECAL, MUON)

sufficient momentum resolition for narrow peaks
in offline reconstruction of

JIb — ete-
K¢ — gty
B - JIPIKY
a high single hit efficiency and sufficient, cel]

granulavity for J/+ identification by First Level
Trigger (using only hits) '

N7



Boundary Conditions

Most design aspects are governed by

high particle density in space and time

e O(100) charged mmltiplicity every 96 ns

e downstream increase due to sccondary interaciion:

e radial dependence:

&3 w woZEN
71 = 3 per BUNX = 3

(r in cm)

Consequences for tracking detector

P requires

low occupancy (< 15%) | small drift cells (d and ¢)

low surface fields (aging) | solid drift cell walls
few secondaries thin low Lp materials
radiation hardness proper materials
event separation fast drift gas

Less severe, just annoying:

3 PYSE o e HERA beam pipe geometry in West Hall

HeraRB
160894
Target
.-I 4

I

0

|

PT -

NoA N oY



Choice of Detector Type

Rate-related requirements are fulfilled by fwo deteeioy
tvpes (investigated for SSC/LHC):

Straw Drift Tubes (SDT)

e Lach straw must be separately prepared — time

and manpower consuming

o Is the Dibniowelding teehnigue sod fnfastroefon
a cost-efficient alternative (feed-throughs to be
provided)?

e Can handle small units — <!iop dovelonnen

crcles,

e Stabilization and positioning of long straws

requires additional support structiyes.

e Sense wire support/interruption complicated.

Honeycomb'_D_rift Chambers (HDC)

» neilssupporting and open chamber production well

suited for mass-producing manv clianncis:

* Complex units must be produced already in R&D
phase — large tooling overhead (but experience at

NIKIIEF)

A decision on the basic detector type ninst be nade

soon!

N ¢
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OTD Design Status

Our current design assumption are Honeyeoml, Drifi

Chambers which have been built at NilNHETF and
Aachen.

officient NIKHEF layer

‘single Aachen layer

Aachen layers are our current design assumnption.

AN g

{Layer Materialﬁ]

We consider various 50-70 gm thick polyiner foils:

ool radiation hardness
Cu-coated Kapton > 2.2C/cm
C-loaded Kapton > 5C/cm
Polycarbonate not tested

Avoid thin aluminum layers!

|Drift Gas]

® need a fast gas:
— use 17 based mintie (vp & 100 gm /ns)
— with Ins time resolution 157 i opaiic
resonbition achievable

Gy

e expect to collect 0.2 C/cm/y in cell closest to beamn
— 1o aging problern (3%/C/em gain reduction
observed for CF4/iC4Hyy (80/20) in SDC tests)

N oo
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[Superlayer Structure}

Low occupancy enforces seementation of supcerlayers:

— — )
A
v i
150 A
21 3
50 +
4.1 o |
1 "l A l :
-50 - v
‘e
-150 A
-250 T T

-350  -250  -150

D 10 mm cells

5mm cells

—— wire separation

small/large cell transition

All wires are vertical and are read out ai Lop or
hotton.

N7



[Occupancies in all Segments] [Stereo Layers]

e 3D-information will be obtained from sterco wires.

hccupancy : oL
;su L e Small stereo angle (£5°) keeps # ambiguities low.
J ¢ Bad resolution in non-bending plane acceptable.
025
, : e Scgmentation of superlayer TC2:
T | J A
¢ v [em]
0.15 .
LIJJ. 150 -
i
(20 I 1
1 3 4 50 A
0.045
1] 1 1 i b _50 T
o ZOLA ‘.50‘ ‘ l40‘ ’ A‘.')J() A60‘ ‘ 70‘ * ‘BO " a0
Occup =Hpiate NR) segmaent
-150 H
s Only worst wire in each segment shown. 950 - . l : ' 5
e Many secondaries after the RICH. -350  -250  -150  -50 50 150 250

e Needs further optimization to stay below 15 %.



|Constructional Details)|

[Detector Summary]

sopeenonvet <conent of single HDC layers:

Technical Sununary:

5 mm Rohacel .
90 pm foil total # channels: 97000
total radiation length:  11.7 %
= total vol : 6m?
z 2 % 20 g foil otal volume 5.6m
- o total wire length: 105 km
o )7 v
& o total foil area: 1100 m?
& 2 % 20 g fotl !
(] £y { N R L N
S - otroranse ssipnptions
—57 laver
1 20 pm foil ¢ 150 % design resolution = 225 sm

r PR
5mm Rohacel
e 3.3Tm magnet

Aim at 100 um precision of wire positions (largely Performance Results:
determined by end-pieces).

e momentum resolution:
Stabilize superlayer modules with Roliacel plates. Ap S B
e 2N /l‘;) R ‘IU -)[) /] :25 3 ]U N

Sandwiching with thin C-fibre plates allows for »

layer alignment in support frame (gauge holes).

Chamber support on top and bottonm (8 mrad tilt ¢ 1mass resolutions:

of p beam). JIG e wT T am) 2 OMeV

B e R L e & 6 MeV i’




| System Alignment l

Bolvive ddioment of OFD modules will be a 3-step

process:

Rough optical aligninent during installation to

~ 500 um (bad accessibility later)

Regular operation of a dedicated wlignment system

(< 50 pm) during data taking:

— infra-red laser plus Si-strip detectors can align
many modules (MPI Munich)

~ LED plus photodiode or CCD can also align
z-position (NIKHEF)

I'mmal alignment from offline data analysis.

Vo

Status of Tests

OUZOMN O

¢ Assembly of HDC manolavers (18 5-mm-cells,
80 cm long) using foils folded at NIKHEI.

e Wire scpavation in large drift cells.

e Various cas nixtures,

: ;
LADEE R AT

e Need set of production tools if HDC’s to be built.

Foil treatment (folding plus tempering?)

e Performance and radiation hardness of

polvearbonate foil (?)

Assembly of HDC module (Aachen cells) showing

all details in taree — <nall cell transition renion.,

Readout components.

’n‘./ '



e Tentative time schedule:
decision on detector type
finish material studies
start with prototypes
install prototypes
start mass production
installation of last modules

e Puarticipating institutes:

DESY Hamburg/Zeuthen
Uni Hamburg
Uni Dortmund
Humboldt Berlin
INFN Bologna
INFN Roma

Expressions of interest:
Beijing
JINR Dubna

More are clearly welcome!

/l/Zr)

Project Development

soon
Dec 94
Mar 95
Dec 95
Mar 96
Dec 97



| Conclusions I

e We have a slotnl dosion for the Oviter oo Line
frcrocior which satisfies the (known) boundary
conditions, but essential desien features are not

ixed yet.

*

Tests of single design aspects have started or are

under preparation.

Aim at installing first. protolype in Dec 1995,

e The time schedule is tight - strengthen the team!

N2 N2
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TRACK FINDING & TRAUC RECONSTRUCT(ON
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TRACK FINDING PERFORMANCE
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TRECK FINDING EFFICIENCY

S TR TN TN TNy =

FOR MRIN TRACKING SYSTEM

® FOR TRAKS WITHIN GEot. ACCERTARNCE

" ¥V VY

€1E
INNER  OUTER
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98% 9d6%
0%

RELEVANT TRAS HAVE &£ > 3%
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K< _RECoNSTRUCTON TRACKING RESOLUTION

@ OBTAWED (BY ANALYTICAL TRACING oOF
ErRROR MATRICES THROVEH TRALER

Sy @® USES DETAUED PoS(TionS €
< RESOLUTIONS OF ALL TRACK(NG DEVICES
Al RESOLTS :
EVENTY
- (& -4
X g dp/fa < AP /GEU IN FoLl Reclon
ce NOT ENOUGH S c
S 3 2 e
0 s [ﬂ HITS o FoR | U
e LT P  (MPRCT PARAMETER RESOLUT (ON
LI Sy Sbe < UPpw FOR  Pp= NS CEV
}? ! _2 é'o/“n::mu.u /7“1,2 " MH‘SS QESOLUT(ON FOR \S[q'
§r+ +_|_ i, 1] e Soeeces §(wyy) < AP Mev
: U Tt q B MASS ResowTON For R —o S(d
A O T O I O A S (‘“e) ~ 4.8 MEV
| 5,6
o o 50 IO& 150 200 256 300 150 400 450 3500 0—0.05 41.104 -03.! -0.02 0.0} fIJ a.0f ﬂ,;h! n.:u a:u [ Xy
2Zv,cm 6M , Gev/c’
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ECONSTRUCTION

B R

MASS

RESOLUTI(ON:

B® Reconstruction

T — T

T T T T

% Fv'/HM RMS M(J/¥) constr. | FWHM  RMS M(J/¥) constr. |
; [ 10 58 ] 13 30
o 25 12 37 30
[ 27 12 | 39 3
MeV] B vertex fil f ‘ (MeV) ]
B vertex fit
5 Ip 1
]
5:25 5.28 5.33 5.2 5.3
M(u'p K (GeVl M(e*'e K) [(GeV]
p J[¥Y MRCS CONSTRAINT FI(T

COMPENSRTES e5 RADIATONM TRIL

P TIEHT MRSS CuTS POSSIBLE

O-49-

SUMMARY

P PROTOTYPE CONCEVPTS EFoR EUVENT
RECONSTRUCTloN EXIST

B |MPACT ON DETECTOR DESEN

PRATTERN RECOGMNTION CAN
RE HANDLED

B TRARCK(NG RESOLUTI(ON MEETS/
EXCEEDS HERA-B DeEMANDS

TRALKING PHILOSOPHY
REARSONRBLE

B HERA-K
PRoves

?UQTHEQ OPTIM(RAT(ON OF
HRRDWARE / SoFrwarE (S ‘

NECEKXARY & DPoOSS(BLE
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Andrei Golutvin ( ITEP, Moscow )
HERA-B Open Collaboration Meeting, October 4-6, 1994

ELECTROMAGNETIC
SHASHLIK CALORIMETER FOR
THE HERA-B EXPERIMENT

(Changes since the Proposal)

(1) General overview of ECAL

(2) Improvement of the performance for the
J/y —ete™ channel

'l.lc.‘ sEmon.




HERA - B calorimeter

Distance from the target

Covered acceptance

1315 cm

220 mrad x 160 mrad

) S
!fk E l Size 624 cm x 468 cm
S e Weight 49.5 tons
: 1 Readout 5768 channels
Inner Middle OQuter
Outer size 156 cm x 89 cm 446cm x 245¢em 624 cm x 468 cm
Type Shashlik Shashlik Shashlik
# of channels 2000 2000 * 1768
Absorber Tungsten Lead Lead
Volume ratio W:Scint = 2:1 Pb:Scint = 3:6 Pb:Scint = 3:6
Moliere radius 12 em 35 em 35 em
Radiation length 052 cm 1.64 cm 1.64 cm

Cell size

Depth

Weight
Absorb. weight
Scint. weight
WLS fibres

PMT type

223cm x 2.23¢cm
12cm {23 Xo)
1.85 tons
1.52 tons
42 kg { t mm plates }
1.6 km

FEU - 68

§575cm x 5.575¢cm
33cm (20 Xo)
11 tons
7.8 tons
1450 kg { 6 mm plates)
36 km

FEU - 115M

11.15¢cm x 11.15¢em
33cm (20 Xo)
36 tons
27.5 tons
§126 kg
127 km

FEU - 115M

(6 mm plates )

708.5*

|

P

3

245

340.5

5

OUTER KODULE
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INNER MODULRE

400*
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Major changes in the calorimeter
design

(1) Decreased ECAL dimension in the new HERA-B
configuration

e Reduction in the cost by ~260 kDM in the outer section
(2) Supermodular => Modular construction

e Advantages:
— Better optimization of the shape
— Simplified construction => Some reduction in the
cost
¢ Disadvantages:
— More time for the installation is needed during
HERA-B assembly
~ More complicated replacement procedure of the in-

nermost modules damaged by radiation (if needed)
Possible solution is found

(3) Increase of the scintillator plates thickness for the
middle and outer sections: 4 mm = 6 mm

¢ Improved spatial resolution and e/r-separation

(4) Possible use of Russian produced FEU-68 pho-
tomultipliers (85 DM per unit) instead of expensive
R647-01 (510 DM per unit). Preliminary tests look promiss-
ing.

e Substantial reduction in the cost by 850 kDM
if ordered now !

P 5

HERA-B Calorimeter -~ Supermodule structrure
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Test results of phototubes for ECAL

Item
PM type
Manufacturer
Photocathode
Photocathode diameter
External PM diameter

PM tength

Mean measured characteristics:

QE at BCF-92 fibre fluorescence
spectra

Nonuniformity of central region

Linearity at 2% level

Gain

Dark current
(U at anode sensitivity 100 A/Lm)

P9

Description

Middle and Outer

FEU-115M

inner

FEU-68

MELZ, Moscow, Russian Federation

SB-K-Na-Cs
25 mm
30 mm

90 mm

13%

Diameter 10 mm:
sigma = 5%
>50 mA - 100%

>100 mA - 50%

18KV -~510°
20kv - 10°

4 nA

Sb-K-Na-Cs

10 mm

15 mm

64 mm

Square 3 mm slide:

sigma = 6%

ImA

1.0kV - 5»103

18 kV - 105

HERA-B ECAL resolution, MC

@ 02
% 0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

Inner ECAL, W:Sc =2:1

CE / E = 17%/sqr{E) + 1.6%

LIII]ITI’]I\\‘IlllYIliTilllllllTTlYTT

Jlll 1 Il Illll(l i 1 llllllI 1

! 10 10’
Electron energy, GeV

0.12

ocE/E

01 Middle+Outer ECAL, Pb:Sc = 3:6

0.08
OE / E = 9.5%/sqri(E) + 1%
0.06

0.04

0.02

IYlI[Il'lYlIIIII(YTFIII

0 1.1 1 i Illllli 1 1 Il!llll i

1 10 10°

Electron energy, GeV
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Estimate of the fraction of reconstructed

B® — J/¢yK? events per bb event

J/lj‘—c,f',l ,}/?[‘-—ot*r
S l
Physics bl = bd (D) 0.8 0.8
B — J/yRY 51071 3-1071
Ky = nta- 0.69 0.69
Jje = 40 0.06 0.06
Trigmer geometry. pre-trigger 0.70 0.70
IR AT TN R iy 5l
(IR T AD] 0o
Lepton Tracking geometry 0.99 0.99
pattern 0.90 0.90
K¢ Tracking: geometry .70 0.70
pattern 0.90 0.90
K¢ reconstruction 0.97 0.97
Lepton Tdentification | ellicune 091 (185
J/¥ Reconstruction vertex fit, mass cut > 0.99 >0.99
1" Reconstruction vertes Bt e s et 1195 n.67
matching with target > 0.99 0.98
Decay Kinematics J/v: decay angle cut N.85 0.86
B decay angle cut 0.94 0.93
Secondary vertex decay length cut 0.69 0.69
Sunumary suppression R 1 no-to “
statistical factor 23 2.3

P a1

Improvement of CP violation
performance for the
J/¢¥ — ete™ channel
(preliminary)

(1) Improvement of the FLT efliciency

e Reduction of the material in front of the calorimeter

o Using the shower shape information to minimize the Re-
gion of Interest for the FLT

¢ Using the information from the PAD chamber proposed
for the nx-trigger (see talk of M.Danilov)

¢ Using the information from the TRD for the electron
pretrigger (will be covered by B.Dolgoshein)

o Correcting P, (measured in the tracker) for the energy
of bremsstrahlung photons (measured in the calorimeter)
at the FLT

(2) Improvement of the B reconstruction efficiency

o Recovery of the low mass tail (resulted from bremsstrahlung)
in the elcc't-ron pair mass spectrum

p 42
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FLT acceptance

HERA-B Proposal

¢ FLT performance was limited by the high trigger
rate for electrons rather than the TFU capacity !

¢ The dominant fraction (72%) of the FLT candidates is re-
sulted from faked tracks (Ghosts)

e The FLT rate is proportional to the number of electron can-
didates generated by the ECAL pretrigger

Number of trigger candidates

® In order to reduce the number of electron candidates high
ECAL treshold was applied: Kirig =700 <= < N, >=2

¢ Unavoidable loss of efficiency !

ete” [utp”
Geometrical acceptance | 70% | 70%
Single track cuts 51% | 92% Pretrigger efficiency, relative to geom.
Pair mass cut 91% | 99%
Total FLT acceptance | 32% | 64%

P 42 P g4



TRACK FINDING ALGORITHM AT THe FLT
AcTuAL RecioN oF |NTEResT 'S LARGER

DUE TOo STEREO STRUCTURE OF THE FLT pLavES

MAGNET TT5 1:1'8 T-C-l TC2 ECAL
T best typical worst
e case case case
=
e
A iz il \/ | W
L 'f'%:w" il '1'\
Mzt 175 78 1T EOAL 0 EEEEE
2] T,W T
T— Il |7
N chosts ={ Opcipasy * Sett.)** (N electron osiid. ) \/V\/VVVVVVVVV W VWVV VV

(n=2-4)
—5Tua DECREASE OF Y -DIMENSIoN 0F THE ECAL
CLUSTER BY A FACTOR OF ~ Q. I8 OPTIMAL
P 4S8 FOR THE PRESENT COWFIGURATION

P 46
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® Lower ECAL threshold is 200 ™
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K., = 300 <= Pretrigger efficiency = 87%

Generated (J/4 + 4 mbe) | 2100 events
Standard FLT cuts:
P > 5 GeV/c

P, > 05 GeV/c
(P-E)/JE < 1/2

2 < pair mass < 3.5 GeV/c?| 20 events
Hit in the ROI
of the PAD chamber 5 events

Total suppression: > 250
Gain in Pretrigger efficiency by 55% (compare to the
Proposal) at the same FLT rate

Pretrigger efficiency: 87%
FLT rate: <40KHz

I |

60 ] !

| Slandard!

50 FLT cutsl

40 !

30 dl

Hit found!

20 in the PAD
10
0

0 05 1 1.5 2 25 3 35 4
pair mass

P 49

Expected FLT efficiency for
J/p — ete”
* Eff(FLT) is determined by the product:
Eff(geometry) x Eff(pretrigger) x Effi(FLT cuts)
o Eff(pretrigger)=87% for Ki,.,=300

e Standard FLT cuts have been optimized for the high ECAL
threshold Kirig=700

¢ Eff(FLT cuts) is only 62% for Kirig=300. In order to increase
this efficiency the FLT cuts could be further optimized

® Thelossin Eff(FLT cuts) is caused mainly by bremsstrahlung

photons emitted in front of the magnet. Partial recovery is
possible by:

- Reduction of the material in front of the mag-
net

- Measuring the energy of bremsstrahlung pho-
tons in the calorimeter

ECAL

X brem
! MAGNET

z 7
P - e
beam

P _20-




JIYK, + 4 mbe

Improvement of the B mass reconstruction

0.08 " efficiency
E ¥ o At the stage of B mass reconstruction some lqsses i'n case of
"7 E electronic decays are unavoidable due to radiative tails which
: / l ¥ persist even after mass constraint fit (see talk of T. Lohse).
e e The electron momentum measured in the tracker can be cor-
rected by measuring the energy of bremsstrahlung photons
e g in the calorimeter.
: ¢ The position of the bremsst rahlung photons (emitted in f‘ront
. of the magnet) at the calorimeter face is precisely known from
the electron momentum measured in the tracker. Therefo.re
o [ the energy of bremsstrahlung photons has to be measured in
: the well defined and small region of ECAL.
0.02
: JWK] + 4dmbe
0.01 :
: 012 [
0 [
2 0.1 _ Corrected
M(I'T), GeVie '
0.08 -
Correction for the energy of bremsstral‘llung photons 0.06 |-
leads to:
0.04
Eff(FLT cuts) = 72% ooz b
. . 0 L,',
(very preliminary) ! :
M(e'e ), GeVie
Total FLT acceptance for electrons )
it 43% COUld be achieved at tlle FLT ¢ The mass distribution of electron pairs looks promiss-

rate ~ 50 kHz ing

* The actual improvement of efficiency at the B?
reconstruction has to be studied

P -24- p.2gq-



CoNeLusioNS

( DEVELOPMENT SINSE THE PRoposal’)

() THE DEsieN OF THE CALORIMETER HAS REEN OPTIMIZED
BOTH 1w TERMS OF PERFORWMANCE AND CoOKT
( Cost RrEDUCTION BY ~ {,000 kDM LOOKS POSSIBLE
1 FEU-68 PuoToTudESs witlt BE ORDERED sooN )

() Tue FLT PERFORMANCE CAN BE [MPROVED FoR ELECTROVS
—~ STRAIGHTFORWARD USE OF Tve PAD CyAUBER FoR
JUJC - TRIGCER OR SHoWER SHAPE ANMALYSIS ALLowSs TO
INcREAsE THE FLT Acceprranee ABovE 387 !
~ FURTHER OPTIMIZATION could IMpPRoVvE THE FLT
ACCEPTANCE UP To ~457 AT THE FLT RATE
Betow DB5OrH3

() AN IMPROVEMENT N B° RECONSTRUCTION EFFiICIENCY
FOR ELECTRONS LOKS PROMISSING — Has To BE

STUDIED IV DETALL

() THE HARDWARE IMPLEMENTATION FoR THE ECAL

PRETRIGGER HAS To BE FounND

ROME— BSOLOGNA  GROUP (S WORKING oM THAT
FERMI - READOUT SEEMS TV BE AN ADEQUATE
SoLuTioN ?

P.a23-
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Transition Radiation Detector
for HERA-B
Status Report

of J/i) —ete~ detection.

o TRD function in HERA-B and efficiency

o Introduction. TRD description.

o TRD performance list.

Boris DOLGOSHEIN
o Conclusions.

HERA-B Open Colla
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HERA-B TRD Parameters

O Zposition Jastin between of TCl and TC2, infrontof INNFR part of the ECAL,

AZ =%em
O AX=:6Tcm AY =+ Ui, Beam Hole 12 e v 12 e,

0 TRD is madf 0f O 5 mm kapton straws ( Gas: Xe/CF4/C02)

with 20 mm polyethilen foam sheets ( TR - radiator in between )

O the straw length 134/2 cm.

O the strawsare positioned horizontally ( along x )

O andstaggered ( 3/8Qstraw )from layer to layer

O total number of straws is 63 ( 3layersx 352 )

of electronics channels is 13000
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TRD performance list

TRD Properties

Confirmed by ATLAS
TRT{(RD6) experience (data)

Expected for HERA-B TRD

TRD performance list

TRD Propertie<

Confirmed by ATL.AS
TRT(RD6) experience (data)

Expected for HERA-B TRD

Soaguing ooy rad hardoes

R hadrons (pion.20GeV)

gamma-conersions

intrinsic straw resolution
residuals distribution
relative track fit

angular resolution

track position

straw resolution
angular resolution
track position resolution

Eﬁ'c= 90%
300  (isolated particles )
50 (occupancy 0.2)

W0-30 (isolated particles )

150 pm
170 ym

0.17 mrad
40 um

smmyf12 = L1S mm
4 mrad
180 pm

£
6 =150 ym up to 6* 10 particm
6=150pme B =170pm
for 18 MHz rate
{ special high rate electronics:
ion tail concellation +
baseline restoration)

EM=98G
4

200 (isolated particles)
~10 (occupancy 0.2)

2 (due to material
in front of TRD )

Drift time not used

Smm;J 12 =l.Hmm
Smrad
230 ym

max flux: - 6*10 4

max rate : ~ 3\MHz

Integrated charge > & C/em
neutrons: 4*10 14
charged particles : 80 MRad

£ C/em -30 vears HERA-B

- 20 vears HERA-B

FE: preamp+shaper
+iontail cancellation+restorer
+discr ( 2 THResholds:
high 6 Kev (TR)
Low 0.2 KeV ( dE/dx)
+DTM
+ROC

local logic

JERNN

6 Kev (TR}

Pl: 864 strans
P2: 2300 straws

P3 9600 siraws assembled

tested on the beam

6300 strans
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Beam test prototype: Electronies

Daughter board
Analogue side

e )
)
LY
SOVD Jibedals

Teus e
P

TO/wWET1CAT I

8 channel bipolar
preampilfier, shaper
and discriminator

BTN AN
* ~
.
.

Daughter board
Digital side

8 channel CMOS 32 channel, digital

control circuit and pipeline, derandomizer

current to CMOS and serial output
level converter




The ECAL
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HERA-B TRD functions and
possibility to increase
the J/uv —eTe™ trigger efficiency.

- TRD Functions:

© To reduce the number e-candidates at the level
of the ECAL + TRD pretrigger

O To reduce of number of accepted FLT events/pretrigger
The composition of FLT accepted events ( D.Ressing

):

7 events
etutle (n™) 45%
e(p)h. hh 23% by TR
ghost-ghost 2% U by decrease of ROI size (A Y)

O Level 2 (3) trigger:
hadron/electron rejection

- Implementation of ECAL+TRD pretrigger (Hard-
ware):

© Projective ECAL tower + straw Y-layer ( 5 - 10
min)
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- The reduction of the number of pretrigger e-candidates.

O Due to relatively high occupancy of the \ Y-

straw layer ( 20% for A Y = 5 mm. ) see event
display, the hadron rejection expected at the pre-
trigger level is about of a factor 3 for the electron
efficiency 95%.

This gives a reduction of the the number of e-
candidates by a factor of about 2.

- The reduction of the number of FLT accepted

events/pretrigger.

¢ ghost-ghost events ( 72 % )
Ngpost [pretrigger is proportional A ( ROI ). because
j,}..’((TT({?lI_)Q}) = ;‘:Z:'g = 0.1 and ghost radial distribution
( see fig ) we get a suppression of ghost-ghost events by

factor of 3. ( 2% = 24% )

¢ eh,hh -events ( 23%.
due to hadron rejection by factor of about 3 the expected
reduction of eh.hl events is about of 2 (23% = 11% ).

So, total FLT rate reduction is estimated as:
H4.3% + 1% + 24%) ~ 20%.
That 1s the reduction of FLT rate by factor of 5

- RESULT:

The possibility to reduce the ECAL threshould and increase the
J/¢ — e*e™ detection efficiency by 30 -40 &.

- LEVEL 2(3)trigger: hadron rejection Expected

hadron rejection along the reconstructed by FLT
track is about 10-15 for electron efficiency 95% -

The nossibilitv to reduce the FCAT, threshonld

~2 .
o~

Conclusions

O HERA-B Straw TRD is well advanced detector
( RD-6) with well known properties and quite
suitable for HERA-B conditions. It can be built
relatively soon.

© The use of the straw TRD in HERA-B provides:

¢ The reduction of e-pretrigger rate .

¢ The reduction of FLT rate due to reduction of
ROI for electrons and hadron rejection. this
gives the possibility to decrease the ECAL treshoulds
As aresult: the J/c - « 7 detection efficiency
has to be increased by factor of about 1.3 (
329 =~ 42/)

© The additional degree of the flexibility and re-
dundancy for J/y - e*e” detection because the
sensitivity of MC predicted pretrigger and FLT
rates on the detail of the simulation (the model
of simulation, exact geometry, detector material
distribution), long term detector performance etc

O We need more detail combine ECAL + TRD pa-
rameters and cuts optimization.
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Muon Identification

e Introduction

e Muon system layout

e Muon chambers

e Structure of superlayers
e Influence of the kicker

e Muon pretrigger

® Acceptance & efficiencies
e Muon identification

e Conclusions

g - A

Performance requireinents

Muon identification plays a key role in the detection and
tagging of the 3% — J/URL mode,

o) muon pairs with an invariant mass consistent with
M(J/¥) provide the signal for FLT

O additional single muon is used for tagging

O  in off-line analysis - rejection of backgrounds

Muons identification relies on the tracks met the tracker
requirements associated with the hits in muon chambers.

Requirements

© muon momentwn range between a few Gel’/c up to
about 200 Grel'/c

O  high intrinsic efficiency for single muon

© response of the muon chambers has to be faster than
96 ns

O  transverse segmentation of chambers should ensure
low occupancy

© muon system has to have sufficient absorber material
to keep an average punch-through probability at a level of
4+1073

O space resolution has to be at least of the same order
with multiple scattering in absorber to allow the efficient
link between muon hits and track found in the tracker

R -2~
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Track density at the planes M7 a ) and

MUy (D) as a function of radius

« 5 Min Bias interactions per BX data have been

used

e No kicker was assumed in the geometry layout

dN/(N + I cm’)

b)
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Muon system layout

z,= 1460 cm
{ preliminoe

7=1460 cm 2=1940 ¢cm
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Muon System GARFIELD simulation of tube
and pixel chambers

D ABSORBER - steel 4 steel-loaded concrete ( 5.2 /cimt)

120 it <= 1000 t steel( 300 t concrete +350 t steel ) gas - 204 CE S0 A

JADE muon filter - 100 t available . AU
high voltage : 23w
o MU and MU, sensitive wire @ [) = 20 jon
3 double layers (0°, £26.6"}), 174 4 186 = 360 chambers . .
. iy e e MY s
wire readout {only hits) - 11160 wires potential wire : 1) = 200 yin:
Central chamber (pixels) 2= 2+ 4300 = QRN pixels
Drift velocity vs Elp
: 5 = 12— . e e v —rr - T ——.
o MUy and MU, S
'QE 15s
1 double layer (0"} with pads 66 + 70 = 136 chambers g u
andd wire readout (only hits) - 4210 wires g |
pad size 10.0 « 13.5¢0? £ /:“ \‘
2% (1947 4 2100) = 8094 pads = \
after “or” of each 2 ~~ 07 Z s
ontputs AR \J\
T N
Central chambers with pixel & 2 x 400 = 8800) pixels < ) ‘ T
and "pads” readont 1612 + 1824 = 3436 chaunels R //
pad size =~ 2tcm” <s
/s 240 + 260 = 500 pads St
PR
in total ~ 27600 channels M
T T Y asarse 2 3 4serke 2 i 4sarae
10 1 10 10

Etp (Viem.Torr)

R ~9- 0 - ac-
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Structure of the 1-st layer of MU1

z = 1574 cm

- 33N - kX

250

258

Yu.Zallses
12.09.94

Structure of the 2—nd layer of MUI1

z=1578 cm
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Use tracking system data on an event b
to correct for finite beam divergence:
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