arXiv:nucl-ex/0105022 30 May 2001

Collective Excitations of 154 Sm nucleus at FEL

LHC Collider

E. GULIYEV 1 , A. A. KULIEV 2,3 , S. SULTANSOY 3,4

�g�<$9$ù 1

1 Department of Eng. Physics, Ankara University, 06100 Tandogan, Ankara, Turkey

2 Department of Physics, Faculty of Arts and Sciences, Sakarya University, 54100 Serdivan,

$GDSD]DUÕ�7XUNH\

3 Institute of Physics, Academy of Sciences, H. Cavid avenue 33, Baku, Azerbaijan

4 Department of Physics, Faculty of Artsand Sciences, Gazi University, 06500 Ankara Turkey

Abstract. Theproduction of collective excitations of the 154 Sm at FEL g Ä LHC collider is investigated. We showthat thismachine will be a powerful tool for investigation of high energylevel excitations.

Dur ing the last decade great success has been achie ved in measurement ofthe nuclear excitat ions with low mult ipo lar it y[1]. The studyofthese excitations, in particular collect ive magnet ic dipole ones, gives valuable infor mat ion about nuclear structure and nucleon-nucleon forces at low energy. The interest in studying these excitat ions has increased concer ning the possibilit y of pio n precondensat ions and D isobar contribut ions to M1 response [2] and, besides, it has important implicat ion on astrophysicalprocesses [3]. A low lying branch of these excitations ( w < 4 MeV), so called scissors mode states, which are predominant ly excited byorbitalpart ofmagnet ic dipo le operator, has been found for the isotopes with per manent defor mat ion in a wide region beginning fro mlight nucleiup to the actinides, including also transit ional and g -soft nuclei [4]. While spin- iso spin interact ions are responsible for generation ofspin- vibrat ional magnet ic dipo le resonance in the region ofthe neutron binding energy[5], exper imentally the ident ificat ion ofhigh energybranch ofthe spin response is far frombeing trivial: measurements are made difficult by the weakness of the resonance and fragmentation ofits strength in the low energytailo fthe giant dipo le resonance below neutron emissio n thresho ld (E < 9 MeV).

A c o mprehensive studyofthe magnetic dipo le respo nse in (e, e’) scattering at upward angle [6], (p, p’) scattering at extreme forwarded angle [7,8] and using ( g , g ’) technique in tagget photon exper iment [9] show that in heavy nuclei there exists ver ybroad M1 resonance at energyintervalbetween 7 and 11 MeV (centred at E » 44 × A -1 /3

MeV). Moreover, there is the major disagreement between electron and proton scattering exper iments, the broad structure obser ved in (p, p’) measurement has not been seen in the electron scattering. Indeed, because ofthe limited energyreso lut ion, individual states could not be discer ned in the exist ing scattering exper iments. Opportunit ies provided by the exist ing tagged photon sources also are not sufficient for studying these leve ls because energyreso lut ion is ~50 keV in mult i-MeV regio n [10], therefore it is not sufficient for studying individual levels.

After the discover yo fscissors mode excitations [11], theywere registered in many deformed nuclei using Nuclear Resonance Fluorescence (NRF) method [12]. However, capacit yo fNRF exper iments for studyofhigher- lying excitat ions are limited bymany factors

[13]:

· Neutron induced g background fro melectron set-up material co llisio ns: (e, n) and, subsequent ly, (n, n g ). The dramat icallyincreased cont inuous background and the discrete lines fro m(n, g ) reactions do not allow a safe interpretation ofthe ( g , g ’) spectrumanymore.

· Rather weak interaction between the photons and the target mater ial. For typical obtainable photon currents ofabout 10 6 g /(s keV) one needs around 500 mg isotopically enr iched target mater ial.

· The typical count rates in the Ge(HP) detectors is an order ofa few thousand events per second at electron beamcurrents ofabout 5 m A leading to typical measur ing times of severalhours for the spectra 4-8 MeV.

Recent ly, a new method has been proposed to invest igate the scattering react ions wit h

SKRWRQV�RQ�IXO O \�LRQLVHG�QXFOHL�QDPHO \�)(/�

�

�

�

.

�

�

FP

*H9

(

� H9

�

X

�

[

6P

I

�

Q Q

/

s ps g =

where g n and 6P Q are the number ofparticles in photon and nucleus bunches, respectively,

x s and y s are the transverse beam sizes and

coll f is the collision frequency. Using the

values fromTables III and IV, lumino sit yis obtained as L=2 × 10 30 cm -2 s -1 for FEL g - 154 Sm

collisio n at LHC.

The cross section for the resonant photon scattering is given by the Breit-Wigner

for mula

4 1 2

1 2

2 2

2

0 2 / ) E E (

B B

) J (

J

E

) , (

R out in exc ’

res G + -

G

+

+

= p g g s

where E is the c. m. energyo fthe inco ming photon (in our case it is ver yclose to that in the

rest frame ofthe nucleus), J exc and J 0 are spins ofthe excited and ground states ofthe nucleus.

Spin ofthe ground states of 154 Sm is equal to zero and J exc =1 for excitations under

consideration. B in and B out are branching fract ions ofthe excited nucleus into the entrance and

exit channels, respect ively, E R is the energyat the resonance and G is the totalwidth ofthe

excited states. The approximate value ofaveraged cross section has been found to be

s a ve @ s res G / D E g , where D E g is the energy spread ofFE L beam in the nucleus rest frame;

D E g /E g £ 10 -3 , E g @ E exc [15]. Event numbers for the excited levels can be calculated fro m

R=L × s ave using given luminosit y and average cross section for LHC. Calculated event

numbers are given in the last column o fTables I and II.

F

LQDO O \�WKH�QXPEHU�RI� � � � ¢ ) events are ofthe order of10 7 per second for considered excitat ions of 154 Smisotope. Using this huge statist ics one will be able to invest igate a lot of isotopes in a short time interval.

Table I Integral characteristics and ( g , g ´ ) scattering results for 1 + excitationsof 154 Sm

E exc , MeV

& FEL , keV G , eV s res , cm 2 s ave , cm 2 R/s, 10 7

2.555 0.425 0.030 0.112 × 10 -20 0.133 × 10 -22 2.66

2.616 0.435 0.036 0.107 × 10 -20 0.146 × 10 -22 2.92

3.091 0.514 0.052 0.768 × 10 -21 0.128 × 10 -22 2.56

3.193 0.531 0.101 0.720 × 10 -21 0.228 × 10 -22 4.56

3.826 0.636 0.048 0.501 × 10 -21 0.634 × 10 -23 1.27

Table II Integral characteristics and theoretical results for 1 + excitationsof 154 Sm

E exc , MeV &

FEL keV G , eV s res , cm 2 s ave , cm 2 R/s, 10 7

4,600 0.765 0,077 0,347 10 -21 0,585 × 10 -23 1.17

4,728 0.786 0,081 0,328 10 -21 0,563 × 10 -23 1.13

5,806 0.966 0,173 0,218 10 -21 0,649 × 10 -23 1.30

6,278 1.044 0,290 0,186 10 -21 0,861 × 10 -23 1.72

6,797 1.131 1,170 0,159 10 -21 0,274 × 10 -22 5.48

7,237 1.204 0,789 0,140 10 -21 0,153 × 10 -22 2.60

7,443 1.238 0,695 0,132 10 -21 0,124 × 10 -22 2.48

8,465 1.408 1,940 0,102 10 -21 0,234 × 10 -22 4.68

9,049 1.505 2,180 0,898 10 -22 0,217 × 10 -22 4.34

9,138 1.520 5,700 0,879 10 -22 0,549 × 10 -23 1.10

9,438 1.587 5,670 0,824 10 -2 2 0,495 × 10 -22 9.90

9,451 1.572 4,610 0,822 10 -22 0,401 × 10 -22 8.02

9,583 1.594 2,880 0,799 10 -22 0,240 × 10 -22 4.80

Table III. Main parametersof the TTFFEL beam

Number of electrons per bunch n e , 10 10 1

Pulse length, m s 1000

Number of bunches per pulse n b 7200

Repetition rate, Hz 10

Number of photonsper bunch n g , 10 13 4

Energyof FEL photons w , eV 193

Energyspread of photons D E FEL /E FEL , 10 -3 1

RMS beam size s x,y , m m 50

Table IV. Main parameters of 154 Sm beam at LHC

154 Sm at LHC

Maximum beam energy E Sm , TeV 434

Particles per bunch n nuc , 10 8 1.4

Normalized emittance e N , mm mrad 1.5

Amplitude function at IP b * , cm 20

RMS beam size at IP s x,y , m m 10

Bunch spacing, ns 100

Number of bunches in FEL pulse n b 10000

REFERENCES

[1] RICHTER A., Prog. Part. Nucl. Phys. 34 (1995) 261.

[2] BOHR A. and MOTTELSON B., Phys. Lett. B 100 (1981)10.

[3] LUTTGE C., VON NEUIMAN-COSEL P., NEUMEYER F. and RICHTER A., Nucl.

Phys. A 606 (1999)183.

[4] ENDERS J., KAISSER H., VON NEUMAN-COSEL P., RANGACHARYULU C. and

RICHTER A., Phys. Rev. C 59 (1999) R1851.

[5] GABRAKOV S., KULIEV A.A., PYATOV N.I., SALAMOV D.I. and SCHULZ H.,

Nucl. Phys. A 182 (1972) 625.

[6] BOHLE D., KÜCHLER G., RICHTER A. and STEFFEN W., Phys. Lett. B 148

(1984) 260.

[7] DJALALI C., MARTY N., MORLAT M., WILLS A. and JOURDAN J.C., Nucl Phys.

A 388 (1982) 1.

[8] FREKERS D., Phys. Lett. B 244 (1990) 178.

[9] LASZEWSKI R.M., RULLHUSEN P., HOBLIT S.D. and LEBRUN S.F., Phys. Rev. C

34 (1986) 2013.

[10] AXEL P., MIN K.K. and SUTTON D.C., Phys. Rev. C 2 (1970) 689.

[11] BOHLE D., RICHTER A., STEFFEN W., DIEPERNIK A.E.L., LO IUDICE N.,

PALUMBO F. and SCHOLTEN O., Phys. Lett. B 137 (1984) 27.

[12] BERG U.E.P., BLASING C., DREXLER J., HEIL R.D., KNEISSEL U., NAATZ W.,

RAT ZEK R., SCHENNACH S., STOCK R., WEBER T., WICKERT H., FISCHER B.,

HOLLICK H. and KOLLE WE D., Phys. Lett. B 149 (1984) 59.

[13] MOHR P., ENDERS J., HARTMANN T., KAISER H., SCHIESSER D., SCHMITT S.,

VOLZ S., WISSEL F. and ZILGES A., Nucl. Instr. and Meth. A 423 (1999) 480.

[14] SULTANSOY S., Turk. Jour. of Phys. 22 (1998) 575.

>�@�$.7$ù�+�%h*(7�1�d,)7d,�$�.�0(5,d�1�68/7$162<�6�<$9$ù�g�

Nucl. Instr. and Meth. A 442 (1999) 271.

>�@�*28/,(9�(�DQG�<$9$ù�g� Bulgarian Journal of Physics (to be published).

[17] ZIEGLER W., NUXEL H., VON NEUMAN-COSEL P., RANGACHARYULU C.,

RICHTER A. and SPIELER C., Nucl. Phys. A 564 (1993) 366.

[18] KULIEV A. A., AKKAYA R., ILHAN M. GULIYEV E., SALAMOV C. and SELVI S.,

Intern. Jour. of Mod. Phys. E 9 (2000) 249.

[19] ABERG T. et al., A VUV Free Electron Laser at the TESLA Test Facility at DESY,

Conceptual Design Report , TESLA-FEL 95-03 (1995), Hamburg, Ger many.

[20] CIOCCI F., DATTOLI G, TORRE A. and RENIERI A., Insertion Devices for

Synchrotron Radiation and Free Electron Laser , World Scient ific, Singapore (2000).