1

Investigation of the 232 Th Nucleus Excitations at the FEL

- Nucleus Colliders

H. Koru a , A. Özcan a , S. Sultansoy a,b

�DQG�%�ùDUHU� a a Physics Dept., FacultyafScience and Arts, GaziUniversity, Ankara, TURKEY b Institute ofPhysics, AcademyofSciences, Baku, AZERBAIJAN

Abstract

The physics search potentialofthe FEL g - Nucleus colliders is analyzed using excitations ofthe 232 Th nucleus. It is shown that, due to the monochromacityofFEL g beamand high statistics, proposed colliders willplayan important role in the field of

^traditional~ nuclear physics.

1. Introduction

An investigation ofnucleus excitations stillstayas powerfulwayto clarifydifferent aspects ofnuclear physics. There are a lot ofdifferent methods to produce excited nucleus: (p, t), (p, p ¢ ), (d, d ¢ ), (n, g ), ( g , g ¢ ), (e, e ¢ ), (n, a ) etc [1].

Recently, the new method, namelyFEL g - Nucleus colliders, have been proposed in [2, 3]. In this studywe demonstrate the capacityofthese machines using Th nucleus as an example.

2. FEL - Nucleus colliders

The main idea is verysimple [2]: relativistic ions will^see~ FEL beamas a ^laser~ photons with energy w =2 g A w 0 , where g A is the Lorentz factor ofions and w 0 is the energy ofthe FEL photons. Therefore, keV energyFEL willgive opportunityto investigate MeV energyexcitations ofrelativistic nuclei. Moreover, since the accelerated nucleiare fully ionized, the background which is induced bylow-shellelectrons in the case of investigation ofheavynucleiusing traditionalmethods willbe eliminated.

Concerning the nucleus beam, there are three possible options: RHIC, HERA and

LHC. Rough estimations ofthe parameters ofthe HERA and LHC based FEL g A colliders are given in [3,4]. Recently, construction of10 GeV energyelectron linac tangentiallyto

WKH�5+ø&�LV�GLVFXVVHG�LQ�RUGHU�WR�LQYHVWLJDWH�OHSWRQ�QXFOHL�FROOLVLRQV�>�@�,I�WKH�7(6/$�

type accelerator [6] is chosen as an electron linac, this willgive opportunityto operate e-

RHIC as a FEL g A collider, also.

Parameters of 232 Th beams for mentioned options are presented in Table 1, where

we use the parameters ofgold nucleus for linac-ring option ofe-RHIC as reference point

[5]. Parameters ofTESLA FEL beam[7] are given in Table 2. Luminosityofthe g -

nucleus collisions is given by

arXiv:nucl-ex/0106010 11 Jun 2001 �

rep b eff

y eff

x

A f n n n

L´ ´

´ ´

´

=

s s p g

4

where n g and n A are the number ofphotons and nuclei in the FEL and nucleus bunches,

respectively, n b is the number ofelectron bunches per train, f rep is TESLA repetition rate,

s x eff and s y eff are the values which are obtained bychoosing the bigger ones ofthe

corresponding horizontaland verticalsizes ofthe FEL and the nucleus beams (for round

beams s x = s y ). Obtained luminosityvalues are given in the last row ofthe Table 1 (here we

use n g = 10 13 ).

3. Excitations of the 232 Th nucleus

Today, more than hundred excitations ofthe 232 Th nucleus are founded in different

experiments [8] and onlyseven ofthemare observed in ( g , g ¢ ) reactions. The reasons are

following: low statistics , limited energyresolution, neutron induced g background from

electron setup materialcollisions etc [9]. In Table 3 we present main characteristics ofa

number ofthese excitations, namely, all7 excitations observed in ( g , g ¢ ) reactions and 2 +

excitations with measured lifetime.

The cross section for the resonant photon scattering is given bythe well-known

Breit- Wigner formula

( )

( ) ( ) 4 / 1 2 2

1 2

,

2 2

2

0

2 G+ -

G

´

+ ´

+

´ = ¢

R out in exc

E E

B B

J

J

E p g g s

where E is the c.m. energyofthe incoming photon (in our case it is veryclose to that in

the rest frame ofthe nucleus), J exc and J 0 are spins ofthe excited and ground state ofthe

nucleus, B in and B out are the branching fractions ofthe excited nucleus into the entrance

and exit channels, respectively, E R is the energyat the resonance and G is the totalwidth of

the excited nucleus. Corresponding resonant cross section are given in Table 3.

The energyofFEL photons needed for excitation ofcorresponding 232 Th levelcan

be expressed as (for details, see [3, 4]):

Th exc E

g w

2 0

=

where E exc is the energyofcorresponding excited level, g Th is the Lorentz factor ofthe

232 Th nucleus. Corresponding values for needed FEL photon energies are given in the

Table 4.

Taking into account the energyspread ofFEL and the nucleus beam( D E g / E g =

D w / w 0 = 10 -4 and D E A / E A = 10 -4 ), the approximate value ofaveraged cross section has been

found to be [3] g s s

E res av D

G »

where D E g » 10 -4 ´ E exc . Corresponding values for averaged cross sections are presented in

the last column ofTable 3. Multiplying these values with luminosities ofcorresponding

colliders, we obtain number ofevents per second which are given in Tables 4. As seen

typicalnumbers ofevents are oforder ofmillions per second, whereas ^traditional~

experiments deals with hundreds events per day.

We have mentioned above that one ofthe handicaps ofthe known ( g , g ´)

experiments is low statistics. For example, 714.25 keV and 1078.7 keV excitations are

observed in ( g , g ´) reactions [8] but their decaywidths are not determined (see Table 3).

FEL g - Nucleus colliders willgive opportunityto ^measure~ unknown decaywidths using

known ones. Indeed, G unknown can be estimated using following relation

) 2( ) 1(

) 2(

) 2(

) 1(

) 2(

) 1(

) 1(

G ´ ´ ´ @ G

res res

N

N

E

E

s s

g g

where index 1 (2) corresponds to levelwith unknown (known) decaywidth. Let us use the

49.368 keV levelas known one and 100 events per second as observation limit. In this

case we willbe able to ^measure~ decaywidth ofthe 714.25 (1078.7) keV levelat FEL g -

RHIC collider, ifit exceeds 2.5 × 10 -7 (2.6 × 10 -6 ) eV.

4. Conclusion

We hope that the huge number ofevents provided byFEL g - A colliders and pure

experimentalenvironment willgive opportunityto investigate the most ofknown ~100

excitations of 232 Th nucleus, which are observed bydifferent experiments, in ( g , g ´)

reactions, too, as wellas to observe a lot ofadditionallevels.

References

1. Nuclear Data Sheets .

2. S. Sultansoy, Turkish J. ofPhysics 22 (1998) 575.

3. H. Aktas et al., Nucl. Instrum. Meth. A 428 (1999) 271.

4. A.K. Ciftci, S. Sultansoyand O. Yavas, Proceedings ofthe 21 st International

Conference on Free Electron Lasers and 6 t h FEL Application Workshop (FEL 99),

Part II, p. 125; Eds: J. Feldhaus and H. Weise; North-Holland (2000).

5. I. Ben- Zvi, J. Kewisch, J. Murphyand S Peggs, Accelerator Physics Issues in

H5+ø& ,

C-A/AP/14 (2000).

6. TESLA TDR, to be published.

7. R. Brinkmann et al. ( Eds), Conceptualdesign ofa 500 GeV e + e - linear collider with

integrated X-raylaser facility, DESY 1997-048, ECFA 1997-182.

8. Nuclear Data Sheets 67 (1992) 579.

9. E. Guliyev, A.A. Kuliev, S. Sultansoyand O. Yavas, nucl-ex/0105022.

Table 1. Parameters of 232 Th beams

RHIC HERA LHC

Lorentz factor 103 413 2894

Normalized emittance, p × m m 6 6 6

Bunch population, 10 9 1.7 1.7 1.7

Ring circumference, m 3833 6336 26659

Bunches per ring 180 180 608

Bunch spacing, ns 71 96 125

RMS beamsize at the IP, m m 60 30 11

Luminosityof g -Nd collisions, 10 30 cm -2 s -1 2 8.5 8.5

Table 2. Parameters ofTESLA FEL beam

Linac repetition rate, Hz 5

Number ofbunches per train 11315

Photon energyrange, keV 0.1 ¸ 12

Number ofphotons per bunch, 10 12 1 ¸ 100

Photon beamdivergence, m rad 1

Photon beamdiameter, m m 20

Table 3. Main characteristics ofsome ofthe 232 Th nucleus excitations

E, keV J p ( g , g ¢ ) T 1/2 , s G , eV s res , cm 2 s av , c m 2

49.369 2 + + 1.5

x 10 -11 4.4 x 10 -5 5.02 x 10 -18 4.47 x 10 -23

714.25 1 - + - - 1.43 x 10 -20 -

774.1 2 + - 5.8 x 10 -12 1.13 x 10 -4 2.04 x 10 -20 2.97 x 10 -24

785.3 2 + - 2.7 x 10 -12 2.4 x 10 -4 1.98 x 10 -20 6.05 x 10 -24

1078.7 0 + + - - 2.10 x 10 -21 -

1387.2 2 + - 1.4 x 10 -12 4.71 x 10 -4 6.35 x 10 -21 2.15 x 10 -26

1554.2 2 + - 2.95 x 10 -12 6.94 x 10 -3 5.06 x 10 -21 2.26 x 10 -25

2043 1 + + 8.64 x 10 -15 0.077 1.75 x 10 -21 6.59 x 10 -25

2248 1 + + 1.8 x 10 -14 0.037 1.45 x 10 -21 2.39 x 10 -25

2274 1 + + 3.9 x 10 -14 0.017 1.41 x 10 -21 1.06 x 10 -25

2296 1 + + 2.64 x 10 -14 0.025 9.26 x 10 -22 1.01 x 10 -25

Table 4. The 232 Th excitations at the FEL g Ä RHIC collider

RHIC RHIC HERA HERA, LHC LHC

E , keV w 0 , eV N ev /s w 0 , eV N ev /s w 0 , eV

49.369 238 8.94 x 10 7 59.6 3 .80 x 10 8 8.52

714.25 3454 - 860 - 123

774.1 3744 5.94 x 10 6 936 2 . 52 x 10 7 133

785.3 3798 1 . 21 x 10 7 949 5 . 14 x 10 7 135

1078.7 5217 - 1304 - 186

1387.2 6709 4.30 x 10 4 1677 1 . 8 3 x 10 5 239

1554.2 7517 4.52 x 10 5 1879 1 . 92 x 10 6 268

2043 9881 1 . 3 2 x 10 6 2470 5 . 60 x 10 6 352

2248 10873 4.78 x 10 5 2718 2 . 03 x 10 6 388

2274 10999 2.12 x 10 5 2749 9.01 x 10 5 392

2296 11105 2.02 x 10 5 2776 8.58 x 10 5 396