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The electric and magnetic nucleon polarizabilities of the nucleon, a and (3,

characterize the response of its internal structure to applied
electric and magnetic fields.
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TEOPUA

HepenaTtuBucrckas kBapkoBasi MoAenb:
Odp=6 104 fm3, Bp=4 104 fm3

Kupaanble KBApKOBble MO4eJ1n.
ap,= 8 104 fm3, B = 2 104 fm?

Kupaanble COJIMTOHHbLIE MOoaelun.
ap= 13 104 fm3, By = —1 10 fm3



Cross section for Compton scattering
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Born cross section

a=9-10" fm’

M Aa=0.3-10" fm’

a=17-10" fm’

© Urbana, 1991
O SAL, 1995
® TAPS 2001



Baldin sum rule;

a, + B,= 13.8+/-0.4 [104fm?]

a, + B, = 15.2+/-0.5

a,=12.0+-06 B, =1.9+/-05

Scattering of neutrons on lead: a,=13 +/-6 ; a,=0.6 +/- 5

Quasi-free Compton scattering from the deuteron:
a,=76 — 14 B,=12-7.6

Mainz: a,— ,=9.8 +/- 4.5
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TpaguUMOHHBLIN Noaxoa K USMEPEHNIO CEYEHMIN KOMMTOHOBCKOIO PacCesHNA:
paccesiHne MeYyeHbIX POTOHOB.

NpennoxeHue B.I. YnxoBa:

paccenBaTb POTOHbLI TOPMO3HOIO CNEKTPA;

paccesiHHble POTOHbI PErMCTPUPOBaTh Ha coBnageHWe ¢ NPOTOHaMM oTAauu;
9Heprunto paccemBaemMbix POTOHOB onpeaensTb Mo 3HEPrum paccesaHHbIX
J>OTOHOB M 3HEPTNM NMPOTOHOB OTAAYMN.

NpeumyuwectBa metoaa Ymxosa:

1. bonbLwwasa MHTEHCUBHOCTb NEPBUYHOIO Ny4vka paccemBaemMbiX OTOHOB.

2. OTHOCuTEenbHO Manbln boH 6narogaps 0gHOBPEMEHHOW perncTpaumm
d>OTOHOB 1 MPOTOHOB OTAAYM.

3. NamepeHna moryT ObITb BbINOSHEHbI MPU OTHOCUTESNBHO Masion 3Heprum
JoOTOHOB — Masiaa MofesfibHas 3aBMCUMOCTb pesyrbTaTa.

HepocTtaTkm metopa YnxoBa:

1. M3amepeHus oTHocuTernbHble, a He abContoTHbIE.

2. Heobxoammo goctaTo4HO TOYHO 3HATb SHEPreTUYECKUN CREeKTp
nagaroLLero nyvyka ooToHoB.

3. OTHOCUTENBbHO Manoe KOIMYECTBO aTOMOB BOAOPOAA B MULLIEHMN.

4. OTHOCUTENBHO HEGOMBLLOW TEMNECHLIN Yron Y-AETEKTOPOB.



Yckoputenb u akcnepumMmeHTanbHbin 3an IKP TUD
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Schematic view of the bremsstrahlung facility
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1 — direction correcting magnets, 2 — wire scanner, 3 — targets for beam position
control, 4 — beam intensity and position rf monitor, 5 — bremstrahlung converter
target, 6 — cleaning magnet, 7 — y- beam collimator, 8 — electron beam dump,

9 — concrete shielding




Bremsstrahlung facility




Schematic view of the experimental setup
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1 — bremsstrahlung converter, 2 — collimation system, 3 — electron beam dump,
4 — concrete shielding, 5 — hydrogen-filled ionization chambers, 6 —y spectrometers,
7 — collimation system, 8 — position sensitive ionization chamber, Gaussian

quantometer, y beam dump, 9 — y spectrometers
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Kinematics of the experiment

H, D Target

¢, = 90° — 6,/2

E, 4 is measured with the help of
the ionization chambers
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Schematic top-view of the hydrogen-filled
high-pressure ionization chambers
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1, 6 — berillium windows, 2 — cleaning magnets, 3 — ionization chamber to measure
Y- scattering on 90°, 4 — berillium windows, 5 — ionization chamber to measure
Y- scattering on 130°



High-pressure (90 bar) hydrogen-filled ionization chambers at TUD




Cathode-grid-anode geometry of the chambers (side view)

Cathode (-60 kV)
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Maximum drift time is ~ 3.5 ys



A signal on the anode of the ionization chamber from a recoil proton
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Drift-time distribution of signals from recoil protons
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Drift velocity is ~ 5 mm/us



Anode-strips geometry (top view)




Main parameters of the ionization chambers

Pressure (bar)

Target area (mm?)

Target thickness (mm)

Strip width (mm)

Strip length (mm)

Number of anode strips (Chamber 90)
Number of anode strips (Chamber 130)
Distance between strips (mm)
Distance anode - grid (mm)

Distance grid - cathode (mm)

Anode voltage (kV)

Grid voltage (kV)

Cathode voltage (kV)

Proton energy (MeV)
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Electron-ion recombination for a-particles at various gas pressure
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Reduction of the signal amplitudes from 23’Pu a-source due to impurities
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Schematic view of a 10” x 14” Nal(Tl) spectrometer
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Nal(Tl) spectrometer




Segmented




JHepreTn4yeckue cnekTpbl coobiTM B Nal peTtekropax oT KOCMUYECKUX JTyyen
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QDC Channel

Energy calibration of one of the Nal spectrometers
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Energy calibration of one of the Nal spectrometers
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A—-60Co (1.3 MeV) and Am-Be (4.4 MeV) y sources; m — calibration with e-A scattering



Schematic view of the experimental setup
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1 — bremsstrahlung converter, 2 — collimation system, 3 — electron beam dump,

4 — concrete shielding, 5 — hydrogen-filled ionization chambers, 6 —y spectrometers,
7 — collimation system, 8 — position sensitive ionization chamber, Gaussian
quantometer, y beam dump, 9 — y spectrometers

CnekTpomeTpbl (6) N3MepsIOT cNeKTpPbl (pOTOHOB, pacCcesiHHbIX HA NPOTOHAaX
CnekTpomeTpbl (9) N3MepsItoT cNeKTpbl (hOTOHOB, pacCcesiHHbIX HA INEeKTPOHaXx



do/dQ (135°) = 1.5 do/dQ (90°)
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Angular and energy distributions of electrons (~ 1.6% from y) at the IC entrance
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Ratio of N./N, x 10° in the active volume of IC
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Fig.2.Plan view of the experimental layout (= p-scartering).



—— Radiator (0.05-0.1) Rad.Lenghts

- - Collimator

Bending
Magnet

Polyethylene
"FILTER’ 30 cm

L=10-20 m

Bending Magnet

f ©-134,1.89,2.51 (deg]

Nal

Fig.3.Plan view of the experimental lavout (7e-seattering).



Veto detector before the Nal spectrometer
to exclude background from electrons ( ~5% )

Veto detector
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Bremsstrahlung spectrum of photons (E_,=71 MeV)
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Response function for a 10” x 14” Nal detector for E,=60 MeV
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Response functions for a 10” x 14” Nal detector for E,= 70 MeV
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Ep — EY correlation
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Ep — EY correlation

0, = 130°
E, =60 MeV
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Schematic view of the experimental setup
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CneKTpbl, U3MepaeMble CnekTpoMeTpamm (6) MOXXHO NOAENNTb Ha CMEKTPHI,
namepsiemble criektpometpamm (9). B oTHOWEHUN 3TUX CNEKTPOB OCTAHETCS
TOJIbKO 9HepreTnyeckasa 3aBUCUMOCTb, CBSI3aHHAsA C BKIa4oM OT NOnspmu3yemMocTu
HYKINOHa.

[na onpeneneHna BeNNYMH NOSIAPU3YyEMOCTM HYKINMOHA MOXXHO TaKXe MCMNoNb30BaTh
OTHOLLEHWNE CMEKTPOB, U3MEPSIEMbIX Y-CnekTpomeTpamu nog yrnamm 130° n 90°.
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0, =130°
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OtHoweHunsa cnekTpoB doTtoHOB B Nal geTekTope (6) K cooTBETCTBYHOLNM
cnekTpam B Nal getektopax (9)
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MNMorpewHoOCTN B onpeneneHnn cev4eHMn, cBsi3aHHble C OLLMOKOM B
3HepreTnyeckon wkane (dw/w = 10-2)
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He paccmoTtpeH Bonpoc 06 nameHeHuu 3appeKTMBHOCTEN Y-A4ETEKTOPOB
MU3-3a BKNOYEHUSA CHETYNKOB aHTUCOBNaAEeHNN A1 YMeHbLUueHus (poHa
OT KOCMMUYECKUX FfIy4en U UCKITIYEHUA perncTtpauum 3reKTPoHOB.
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COUNTING RATE INCREASE WITH THE NEW IC CHAMBER

NEW IC OLD IC COUNTING
RATE INCREASE
Target length 90 mm 60 mm 1.5
Target width 30 mm 20 mm 1.5
Target height 15 mm 10 mm 1.5
NEW Nal-IC OLD Nal-IC | COUNTING
geometry geometry | RATE
INCREASE
IC to Nal 60 cm 110 cm 3.3
distance
Horizontal 15 cm 10 cm
Be window
size
Vertical Be 34 mm 20 mm
window size

TOTAL COUNTING RATE INCREASE ~ 10

YBenun4yeHue ToswWUHbI Y-paaunaTtopa — yBesimnieHne MHTeHCUBHOCTMU Y-MNy4Ka




BEAM TIME ESTIMATION
Minimum scenario:
le=3 A, Ec= 60 MeV, T= 500 h (3 weeks)

Ny,= 50 000 events, Aa ~ 0.8, AB~1.0 (104 fm3)

Maximum scenario:
le=10 pA, E.=100 MeV, T=1000 h (6 weeks)

Ny,= 1000 000 events, Aa ~ 0.2, A ~ 0.3 (10-4 fm3)



NpeanbHbIM yckopuUTeneM ans NpoBeaeHuUsa namepeHnin 6oin Obl yCKOpUTESb
B ManHue...
Hosbin aupektop TYLO npodd. Norbert Pietralla:

JkcnepumMeHTbl B TY[l MOryT O6bITb NPpoAOKEeHbI MPU YCNOBUMN
noctaBku B TY[l1 HOBOW MOHN3aLUOHHOMU Kamepbl B cepenuHe 2010 r.

HanGonee BaxHbIMU OyayT namepeHusi Ha AenTepuu —
onpenereHne NonsApU3yeMocTy HeMTpPoHa.






