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Electroproduction of Baryon Resonances

Jorg Gayler

Deutsches Elektronen—-Synchrotron DESY, HAMBURG

Abstract

Data on inelastic electroproduction below W = 2 GeV are reviewed.

It is reported on total cross section measurements, threshold ex—
. + Qo .

periments and the data ¢f 7 , 7 and n production.

The latest data at q2 1 GeV2 are analysed with the technique

of Devenish and Lyth.

Invited talk given at the Topical Conference on Baryon Resonances, July 5-9, 1976,

Oxford, England
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electron
scattering plane

Fig. 1



IUDLsuaUOe|3
Spuaiojuia

whip| -Ty
sabissny

f 5

Z ‘81

———
u' JdN 71T = *Pug
(T waz =§
WOLLES = 47 . -
rW Bl1- mw N.........l...f..
LRDEG e . -
(s =) P75
sjodrupcnp 30 A \
12ubowopies i
id
Wawuwdxouoisodead

- IYDIPI3IA

BIYDZAOURBY DWNIMPS-SDI ) (T



¢ '314

X9 «<— d?

w5) Ol 50 A&s) Ol 50
NU | NU
]
o 001 001
t 4
]
% ﬁf ¢
)
} -00Z ! 007
t
¢
=73
(1=3) ;
(90s3) ° J3Y #
(570~3) & J9Y ¥ -00€ _ 00¢
IIRBI IS = M AR LTL= M
$
007 [J3)s/usngn]-00Y
{ 3PPUPY
opl



0°¢ 81 9° 1

v ‘814

(A3D) M

hol

—— r T T T T T T 1

Ly
fmmaM@mmmmmwmm
T L
m. TE

90s 3 Y
6023 {

. ‘
anw
: ¥

(CXXA3T) 071 = ¢ZXXD

1
0°0

0°0S

0° 001

0° 06!

0°00c¢

CSNABEOHTTWY NDI1J3S Ssoy)



%01 Y]

1000.0 —

100.0 |

1.0

1.0

1

-l
zr o
@ OGOIII
- 0 -]
N a:p_
(1]
e pu e :Eb:
* Pl T TE
L] = .
-] ) = _Eo
o 'U'o o ,Ooo . G gaul0 Dy
a ~ a a ady-
o “oo _o° °o 09 iy
Qavd wut! Uy —
¥ e 1] %0dgoonoagg. ]
[} L - oG
ORI
a a = o < a
o e o_wﬁn:
- Co0900” 9800900005,
xx I:% -
= e B S
™ xr - X oo 90 00 g
73 e
x g
’ -k #ﬂﬁ o~ e
= Eﬁ :sfg& e e
T o o
: e O g
* 3 = ;

0

W CGEV)

Fig. 5

UxXx2 (GEVX%x%2)

()
w



YP— X

o)
X~
) N x vl
. E’ .
£ d 5
L
I v1 Eﬂ
M (a9 -
H i -~
[N o [
- 4 b 4 r
b 4 K
3 O -
I AR
< )
e, |
3 ®
— 5!‘_{ ] - —
& MH? )
2
Fenitly
“49;§$E=1 -
it
'ﬂ_,
r%ﬁ
c4hﬁgf | :
oy Pt ]
F‘O—{ -y
. ‘
N
| _ & — ‘_:
(g
L |—— e
ol o g ‘
1o
L | i 1 1 b
S 2 < S
O ] Q o
m o —

W CGEV)

Fig. 6



q/ 314

(CXXAID) CXXD

0°9 0°h 0°¢ 0°'0
— — ~——— 0°D
y
, A
- VA
r —
~ \. \\
- / + 40008
. ’/
I
I R
- 4 070001
A LT =M— —
AP Sl =M-—-
|
L AF Rl = M— —
| AISTZTT = M —
et _ 0' 00S1

d
z- [ A

v7 ‘814

(ZXXAF) CXXD

0°'9 0" h o'e g'o
T .2 »— - - r O- H
N
D, SN
——— D
AN
f!ltf{ /n-t.
RIS 001
,v/fl..f// /
,,/”f/ ™
N
/ N
[ NERN
AN
//(/} 1/‘
AV ,/f
e e e P e hY N, .
“ : S~ 0" 00!
| | N
m U M \
w _ \
; ,_ A
, e ' 00001

X —dA



—A++

| |
DESY - Glasgow

{Q%2>=0.6 GevZ2




Gplk?} /G (0)

109

o9

08

074

oS

05+

04

03-

02+

o1

x pesy '8

o NINA 49)
a NINALT)
o FRASCATI!S)
o DESY 16)

ep—we'ntA"”

ep-se'n’n

{a) Best fit monopole
Ma = 0-62 £ O-017 GeV
x2=8-25

{b) Best tit Dipole
Mp =0-96X 003 GeV
x2¥=6.25

Qipole Ma=12 GeV

Dipole My =0-B GeV

T 7 T T T T T Y 1
O 02 03 0-4 05 06 07 08 o9

- k2{(GeV/e)?

Fig. %a



og{ub)

gA(Qz)/gA(O)

50

40

| ANNAN NN SENAES NN (NS B NN BE |

Y,P— At
13 <W<15GeV

¢ ABBHHM
¢ This experiment

L3

0.0 0.5 Fig. 9b 1.0 QZ(GeVZ)

10 T T Y 1 T T T T 1 Y T T
K ¢ This expenment ep—se' A"t
¢ DESY )}
\i‘ 4 Frascati > ep-se'm'n |
\++ ¢ Daresbury-Pisa | i
Dipole ]
ast- N + \ M,=(116:003)GevV
i \+ -1
- f -‘h--.----‘----- -
- M,=0.89GeV E

1 L 1 L ) 1 L ] ) 1
09 03 0 Q2(Gev?)



0~
050°9

[z 2]

10- 10- 10-
[CAOR 003 h oos°g

10-
0oc'e

0l

SSDW mc_mmzzv

‘814

10-
00s°¢

10—
003" 1

10-
oot~

8|
000 %

ABD GGl < M
mﬂx/mwmﬂv # = mnﬁv

30y 7
Buijunos

10400278
Zo+0387 1
A0 005 iR
cO+00Z°E
<0+000"h
co+0Ce %
No+oow.m.
£0+0Ch™9
cp+002 L

c0+000" 8



154

201

€ P —=—€ PV

W = 1.535 GeV

4 Bonn

Q Nina

% photoproduction
4 DESY

0 [(GeV/e)? ]

Fig. 11




71 ‘814

L 0 70 1tC 0
|l||+||-|4t|!|¢.|||¢||rr+r.1|+-||-¢-||4||-|+||r.¢|||l¢||||;r||l¢'11|+||l|+t||r¢|l!|¢||||+|||f¢rl1l+
;-nvn-cc-.c-o.ou-o.oa|..-ic-__o-.nu|-l-a-ou--auc--v-.-..-aﬁor-N-v-.;cuv-.._.mh.«r..._w “_. h
M\/dwa zz ted ® muon-.-o.-.-..-...o-cc.nu-...--pnnuc.-.o...c-.-.- cheang 75 .qu---nc;u A
|N. - h.o-o.-n-v-.nt-cunvo-o-Cuu-oac-Mouhmolﬂlou-uﬂ.__.—AH 4 ._. ._Nlm--o|m4 w .m.u.
OOQNOﬁI-ll-'...sl'l.&!ll..ﬂ..h .ﬂl —— hN ﬁ\V m - T M fﬂ
N‘. LI L I I ] 'Oimu.nhl- m- ~ . q w mﬂ
TIRALEREELARFAERL AN TR i 2w
fhvrredere & L & L A
shvesvimee g . ¢
FEEEEEELEE" i fo
grenees .
*s unive H MN
emevivs L
M\ll.-" 4 ﬁm
I 1 76
e idw i «nT
N 17
M i 617
.o da o9zt
L i Mﬂ.ﬂ
L w 3&‘“.
s s deT
“sisn i vST
cets S 0O = ,w §o16T
g _ : RST
v }osel
[ 1?67
nes i ARt
via i 96l
" 1 FO7
e 1 012
T te 14z
.d 1 w77
. s 172
- i Ee S
v i GW7
.4 1 76?7
. i Re?
v i G627
o4 PR g
- . 082
. . LBZ
ot i WET
- 4 “. dﬁvm
A i ROF
¢ i GT1€
ES 1 77¢
. BT
1 JEF
P FhHE
1 0SF

210F = ShHIS



20.0

15.0

10.0

5.0

0.0

1.

W (GEV)D

Fig. 13

1

.S



ONPL Gxx2=0.6 o
DESY Oxx2=0.6 -

*[pty%r]

0.¢ - | !
1.35 1.45 1.55
WCGEV )

C
)

1.5 T T T T T

: A DESY Qxx2=1.0
1.0

Ji’ ;

1.3 1.4 is 1.6 1.7

WCGEV D
Fig. 14



lo}_ T T ] T l T T 7 ! T T 71 l:%': T '|""‘r T 7T T ] TT7T Tr‘l ™ rE
E va"""*n - ' E
- Q%: 1.2 Gev® Lys s .
s f 6790° l ‘. o780
'E 1 t ¢ ‘ 3
: ' : 5
: ¢ . .
-

0F \ E

v

oy rromy

102

E
- 3
-~ - ]
2 .
o - -
.
et IOE =t —t—t— :%——y**.f;{::ﬁa:ff +—+ bt ,;E
c o =+ 3
o3 o * ]
’_f 3 'Y [ B R
- . * « ’ - :
]S ' §+70° ' 6:60°
e . =
E ® *i i
L ] ]
10'E -
3 + E
o ]
"2
10+ -
- ]
o .
[ .
-3
]O = -
E 3

l_l_Lllllll]llI_lill llllllllllljill!l

1.2 .5 2.0 2.5 30 1.5 2.0 25 30
W (Ge V)

Fig. 15



91 "313
(XH1)500 (¥H1 1502 (¥H1502
01 5D 0'0 01 5D 00 g 0- 0 1-. 071 50
T — 7 . — 7 T 00 v —
I 2¥XATD G D=2HAD ZXKATD 9" D=CKKD
L ZXXAZD 9 D=ZNHEN _
- F 0z | W
| P
, R 71 A
_. .2 L &
[ ’ L r - -
m mwm MMU:E O T o3 o8 _ 10T 930 05=1Hd
A "1=M  AS30e - £gt = i ‘ - |
! R A3D SESTI=M ASSUw | AJ) GES I=M AS3Ow |
230 SEl=1Kd 030 0B=TH oL 1 . 520 Sh=IHd
A5 SRS 1=M dND & PoAZD ShSTI=M . TdNOA ; AT ShS 1=M  dNC& |
- L P o9 I N ! i . g'e ! L. P N 1 “ "
(¥H1)502 ( ¥H1O500 (XHL 2500
o'l 5'0 50 g0 5 0- D.J.o 01 G 0 D0 S 0- o
| i
o 9" 0=ZXAD
3 ZX¥XAZD 9 D=CKXD XA
i ZRHAFD 97 0-THED
L 402 F
[ 1 i 030 05=:Hd 1
L 40k .
A 930 OE1=IHd 930 B6=1Hd { AJ) GRR'l=M  G3I0w |
[ "1z AZD ShRTI=M AS30w
| A3) GhiU i=M  AS30e ” | — |
930 SE1=1H 930 U6=1Hd 1
s AY) SGR1=M  IdNOa AJD SGh° =M TuND 4 ] A30 SSh*1=M  JdNOa
N 4 | B [ PR .O.w PR 1 PR S i m.m L PR AP B S U SP U P SrY

.Qo.Ft.ln—>>

ﬁ}
0°0



Y,P—1’p

5.0 T T : T 5.0 M T T T

1
W = 1.385 GEV Uxx2 = 1 GEV*x2 : W= 1,445 Qxx2 = 1 GEVHX2
u.g - PHI = 90 DEG . i y.g - PHI = 90 DEG 1

}

N T - 3 3.0 - “:
1 ¢ 4 ]
L i
1 ]
i [ ]
i : ]
0.0 A e Il A i 0_0 " A L 4
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 a.0 0.5 1.0
COSCTHX ) COSC THX)
5-0 T T T T _'j‘ 5.0 f il T T
W = 1.50% Qxx2 = 1 GEVxx2 1 W = ].62% GEV GXX2 = 1 GEVAX2
4.0 - PHI = S0 DEG i 4.0 PHI = S0 DEG - ]
- i L
3 Lol
- A - 4
g 3.0 i 3.0
| M——
4
‘Slc - 2.0 F 4
el 4 * . 4
4 7 P:
": 1.0 TW :
: i
0-0 . ) e L 1 0_0 — “ i P | i "
-1.0 -0.5 G.0 0.5 1.0 -1.0 -0.5 0.0 0.5 | t.0
COSCTHX > COS¢ Tix)
2.0 — T - 1 T ; 2.0 [ T T ¥
W = 1.68% GEV Oxx2 = | GEVEx2 1 [ W= 1,745 GEV Qxx2 = 1 GEVxax2 1
PHI = S0 DEG 1 PHI = 50 DEG
1.5 | - 1.5 + 4

1 05 ]

: ]

] ]

00 A i 1 -1 GU A L e L 1

21.0 -0.5 0.0 0.5 1.0 °=i.0 0.5 6.0 C.5 1.0
COSC THe) COSC THx)
DESY
25093

Fig. 17



Y, P—1’p

.0 - . : 3.0
W = 1.385 GEV OXx2 = 1 GEVXx W= 1.7 GHY (wn? = 1 GEVRX2
r _ _
0F zfix - 2.0 = o7
! : T T T e
R e I S|
L Z

1.0
COSC THK ) COSCTHX)

3.0 . —r— . 3.0 'L — —— e o
! | :
¢ W =1.,535 GEV 02 = | GEVxx2 - PR T GV Lanit = 1 GEVRX2
r H B r
' ' i f '
L T4 . oo -

2.0 A o 2.0 <

s 11 - ;
3 5 : :
) § ; | ; - B
1.ck A 4.0 a3 B -
i ] - S-S i
L I &

-0.0 [ I T l i. -0.0 ;"T‘QTLH 4 = I

SR = R ] 00 g gy 3t
b ?\ —Z f T i 1 T

3 P I

r — —— 4 3
-1.0 IOV W] —_t - . | 1 PO T a
-1.0 -0.5 0.0 0.5 1 ;1.0 -0.5 0.0 0.5 1.4
COSC THK > COSCTH)

1.5 — } r ! T -— 1.5 ;Qﬂ—v e e e T ; i
W = 1.685 GEV & i Oxx2 = 1 GEWxx2 | W= 1.5 GFY Lxx2 = 1 GEVix2 i
| 2
k I <

1.0 ¢ iJ S -
L “ :

0.5 - < 0.5 .
I i Q\A—Q'l ]
. T et ]

0.0 = 2 - 0.0 | 3o |
I ‘t’— -5 ] 4 4 ] 0.0 _ﬁ? bk
L1 E - T H L
I i :

_9-5 I i i ) ! o -i _0_5 —_—— i 1 " i i " & n - " 1

“1.0 -0.5 0.0 0.5 L.G77010 -0.5 -0.0 0.5 1.0
a5 THX ) COSC THIO
DESY

Fig. 18

25092



61

_[Ae9] M

H

314

9l Gl 71 £l 4! i1

I T i

™

O @@ N~ W WV O

Js/qm




r ' ;
I ]
300.0 i g
' Qxx2 = 0.6 (GEVXx2)
4 3
' ¥
200.C r z
lﬁ 5 .
ep » eX
l§ ¥V = .
100.0 | 8 AP ST L P
= V \ ® 0 9 a
ol ep » en’p
T~
[y e¥ ¥ %
0.0 1 A . _ ‘1
1.0 1.2 1.4 8 . .8
W (GEV)
200.C . , .
| 3 | _ _
150.0 + ; 1 Uxx2Z2 = 1.0 (GEVXXZ)
]
: 3
' ¥ ep -~ eX
100.0 t ¥ .
¥,
: E § = X X !ltll
* x E x¥ L 3
5C.0 P = ¥ 3 "reaaxa” Fuxx ..,
. ® §§ eP-’ewop
: v
i TvwvY Y% Y13 }
0.0 1 . Yoy 1
1.0 1.2 1.4 1.6 1.8
W (3EV)

Fig. 20




W= 1.585 GEV G = 0 3 vaee " l W= 1.565 GEv G2 = 1 GEVNR2 1'
PHI = 90 DFG 6.0 - PHI = 150 OEG 1
: 1

1

* [Pb/ 5"]

o

[

a

i
- T ! i
i |
J? 2.0 0
] |
] i
1 i | T I 1] O.DI - n 1 1 1 -
0.2 o 0.6 0.8 1.0 6.0 0.2 0.4 0.5 0.8 1
£as¢ THX ) COSC THx )
& T - T T 8.0 T hd T T T T
't W = 1.685 GEV X2 = 1 SEvexy : ‘ W =1.685 GEV OX%2 = | GEVXX2 )
, PHI = 110CEG 6.0 | PHI = i50DEG 1
E :
- §.0 F 4
L . ‘
j‘ 2.0 F .
L ! 1
4
1 A P 1 { G‘O 1 i 1 i
. 0.2 0.4 0.5 0.8 1.0 0.0 0.2 0.4 0.6 0.8 i.
COSE THX ) COS¢ THX )
T - e 8.0 . . r —
i ]
W oz i.745 GEV QAXZ = 1 GEVRx2 W= 1.74S GEV Q¥x2 = | GEVRX2 j
PHI = 1100EG 5.0 r PH] = 170DEG %
|
I . po
d u.L. - gi —
5 i
{ 3
2.0+ .
1
I z ]
i A 1 i E O.G 1 i — A a1 J
0.2 0.4 0.6 0.4 1.0 0.0 -0.2 0.4 0.6 0.8 1.0
COSC THx O COSC TH )
DESY
25094

Fig. 21



va —Tn'n

8.0 } T T 8.0 T L - 8.0 ; T T l
[ ] ] 0
L L il
[ W= 1.415 GEV EH:LWS GEV ] DW= 1.505 GEV ]
6.0 [ @2 = 1 GEVIx2 4 6.0 L Qxx2 = 1 GEV%x2 4 B.0 - Oxx2 = 1 GEVXZ 1
4.0 F } } 4.0 b
r i
2-0 = { - 2_0 b
) x I I x ¥ 1
"O.U i:--!_---_i_-.-:j--- -’—1"'0.0 s 2..-.:_._-..__._1__/.?‘ -0.0 ] I B —
.-2_0-:1...&.;_2_0 }’_—1 §"4—2.U“""""'
0.4 0.6 0.8 1.0 " 0.4 0.6 2.8 1.0 0.4 0.6 0.8 1.0
CaS¢ THx ) CASCTHR) COaSC THx )
8.0 . ,~.—}a.o. . ; -18.0_ oy ]
[ W = 1.53% GEV ] W = 1.585 GEV ) W= 1.695 GEV ]
6.0 + Qxx2 = 1 GEVxx2 16.0 1 Gxx2 = 1 GEVXX2 4 6.0 F M2 = 1 GEVRX2 -
4.0 F
b L’M
2.0 F
-0.0 b———sse=s R
SR
- " , i a 2
2'00.14 0.6
CAS¢ THX ) COSC THX ) COSC THx)
8.0 — ———————— 8.0 8.0
[ W= 1.885 GEV [ W= 1.715 GEV / [ W = 1.745 GEV
6.0 [ Gxx2 = 1 GEVEx2 5.0 - OX%2 & 1 GEVXx2 4 6.0 | Ox%2 = 1 GEV¥x2 .
4.6 |
2.0f
{ .
6.0 L!—— --------- 14
T BT
_2.0 i i 1 e " 1 _3.0 i A J A "
0.4 0.6 0.8 1.0 0. 0.6 0.8 1.0
COS¢ THX COSC THx ) COSCTHX )
DESY
25095

Fig., 22



s o a 4
-10
0 + ' + ha
10 ’ a

I | | - -U.STW |

Sy (1505) |
S2-

- -0.05 -

1 -l.lU

0.2

o =10
F15 (1688)

Q%(GeV)

Fig. 23



vz 814 AN>®OV No

(889U ~£@/tV

}

L

(0zsileq 2@/ty

A

91




| T T
b=
e

l\f

i T I NV
p I
l——.....

L 1 | A,
1020 30 _2(gey2] @

' Fy5(1688)

Fig. 25



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39

