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GDH sum rule ™

* Forward Compton scattering amplitude of GGT
Al®)=f(w) € €+ima(w) o (ExE)
2(0) = 2(0) + £'(0) ®" + O(e")

* GGT dispersion relation
2(0) - g(e0) = 1/41° [ (6, ~6 /o> deo

* Low energy theorem of LGG
2(0) = - ox’/2m’

* An assumption
g(e=) =0

“GDH =, (6,, -0 )0 do

= = 2moxy/m® — 4n’ g(ee)

(GGT: Gell-Mann, Goldberger & Thirring
Phy. Rev. 95, 1612 (1954)
LLG: Low, Gell-Mann & Goldberger
Phy. Rev. 96, 1428 (1954), 1433 (1954))
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Multipole predictions
for the forward spin-polarizability and the GDH sum rules
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note: — multipole uncertainties reflect propagation of errors on existing data,
~ appropriate for interpolation,
- may not be good for extrapolation 1o 6, and 6.



Proton GDH experiments at Q" =0

| Data (Preliminary)

B Data (analysis)
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Neutron GDH experiments at Q=0

B Data (analysis)

Will start soon
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GDH Facility at MAMI

Mainz
Microtron

e Existing tagging facility A2

e Photon energy range
0.14 - 0.8 GeV

GDM setup at MAMI
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g'ﬁ L ollahoration

Mainz GDH result2
Difference of the helicity dependent
cross sections for proton
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HDT: dispersion theory, Hanstein, Drechsel, Tiator, NPA 632(99),521

SAID: phenomenological multipole analysis, solubhon SM99k
UIM: unitary Isobar model, Drechsel Kamalov, Krein, Tiator, PRD 59(99)



6DH Facility at ELSA

Thursday 14:20

® New expenmental area setup lor GDH

o Pholon energy range 0.7 - 3.0 GaV
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MAMI/ELSA GDH Results at
the Proton

Taken from K. Helbing, NPB 105 (2002) 113

MAMI: E = 200 - 800 MeV
ELSA: E =700 - 1850 MeV
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116 K. Helbing/ Nuclear Phy.ics B (P
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Comparison of o, and QAo

have structures at similar energies
“pure” A resomance (M1)

zero Ao between 2°¢ and 39

for E, >600 MeV: 'cy,=150mb + Ac
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MAID - Mainz Unitary [sobar Model (Drechsel, Kamalov, Tiator)

- Tiator, GDH 2000
resonance-region v = thr - 1.7 GeV (W<2 GeV)
1.7GeV g.n~0
GDH: [= | 2Ty
- v
m neutron
sum rule: =204 ub -234 b el
Mainz exp.
(200-800 MeV) -21826 .
MAID y,x° -150 -154
MAID v 21 +30 :
(alculotion
Mainz y,n +15 +10
the SFiS | Born yan ! -30 -35
£ @V
. D13 ymx ¥ -15 -15
sum -201 -164
Cale. high energy y,x ¥ -4 -4
L74E | yx ¥ +4 =
Gel total 201 pb 170 ub -

"H. Holvoet and M. Vanderhaeghen in progress
M. Guidal, ] M. Laget and M. Vanderha Nucl. Phys. A 627 (1997) 645
S, Sumowidago and T. Mart, Phys. Rev. C 60, 028201 (1999)

“ where are the missing —64 ub of the neutron? *
— Tiator, GDH' 2000
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LEGS-Spin Collaboration
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LEGS (Laser Electron Gamma
Source) GDH experiments

. Compton backscattered polarzied Y beam
0.15< Ey < 047 GeV
Py~ 90 %
2. Polarized HD solid target
Good dilution factor
fiD, HD and HD
P .~80%, P,~50%
3. 4 m detector

(ﬂm - ﬂm)f Ey ;

Total cross sections



Counits

Mainz: y+ C H OH— p
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1st double-polarization data with HD - LEGS/Nev1701

E =300 MeV ' 0 =80"cm.
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SASY Current Setup
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HD rarget cycle:

target injection into dilution fridge;
=50 o 100 d:l}x at 15 Tesla/ 18 mK

*
extraction at 2.5°K and 0016 T

loading in-beam cryostal
(1.25°K and 0.7 Tesla)







Empty Target Contribution
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area in red is 20% of blue

as expected



Target Polarization History

71% for H

e Initial P_= 16% for D

® Many tests to study target under various conditions
(transfers, different holding fields and temperatures)

® Start conditions in-beam
+ 0/ —
PT ={ 30+3% forH (T =13d)

6+1% for D (T, = 36d)
o (Calibration of Polarization:

- NMR line shift due to polarization decay (change in B field)
~ { low-B/hi-T thermal equilibrium NMR signal (H, + HD)

® After 2 days magnet quench
= P_dropped by about a factor of two

® After 1.5 days accelerator shutdown

3.5 days of net data taking
P = [(Pdtyfdt=21.3%

H

P = [(Pdtyfdt= 5.0%

D



300 MeV < Ey < 350 MeV
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o GDH Program at LEGS

threshold < | 170 Me\

near-term plans:

* polarized-D measurements, focusingon y+ D —=x2"n
= starting fall’(2

* polanzed-H measurements
— starting summer’(13

longer-term plans:

* separate D(y, m p) trom DAy, x" n) :

isolate y + n — " p at low energies &> measuring the n* charge
= magnetic analysis in a Time-Projection Chamber (TPC)

— HD Target Tp
| hemmtee 0aT)

— Magnel Yoke
| f F

i |

. H I\ -. | In Beam
i T | \ Cryostat
| Time Projection
[ Chamber
b— XTAL Box

Nal Modules

e TPC ﬁ'IPEriIT'IEI"IL‘-.'- in 2005



— "‘h-.l.“

near-term plans:

GDH Program at LEGS

threshold < | 170 Me\

¢ polarized-D measurements, focusingon y+ D 1" n

~ starting fall’02

* polarized-H measurements

- starting summer’03

longer-term plans:

* separate D(y, n™ p) from D(y, n° m) :
isolate y+ n = x p at low energies < measuring the ©* charge
= magnetic analysis in a Time-Projection Chamber (TPC)

— HD Target

i Bal

Supsrconducting [
snducting (1.87)

| — Hl.l'n.lt Yoke

| IPC

| Beam
Cryosist

| — Time Projection
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e TPC experiments in 2005




Future Plans
(1) Improve DF performance at High Field
Vibration isolation from pumping line
— reduce eddy current heating

D polanization > 12 9

(2) Foridden Adiabatic Fast Transition at DF
Install resonace coils in DF

Y i

D polarization 22 % -> Higher

(3) IBC (Orsay) —> New IBC (Quantum tech.)

1.3 K 02K
(.65 Tesla 1 Tesla

(4) TC (Orsay) —> New TC (BNL/Juelich)
0.016 Tesla 0.16 Tesla

(5) Construction of Time Projection Chamber

Identify m+/ m-



Summary

. Recently (:DH data started to be taken
at Q =0 and small Q

2. Data with high quality and high statstics
are required to be taken from pion threshold
to higher energy for proton and neutron

3. Results are required to be confirmed
by other experiments independently

4. Mainz and Bonn have been taking, will
continue to take data and the analyses are

J0I1Nng on.
L. e

5. LEGS started taking data in November 2001
and plan to run for deuteron for a couple of
months 1 2002, 2003

6. LEGS will improve the iarget system
and design, construct and nstall TPC



Generalized GDH sum rule

*At Q' =0

IOz ] (6 -6 yodo=-2r0m’

*1,,.0Q) = 16r/Q |, dx ¢ (x.Q°)

(M. Anselmino et al., Sov J. Nuc Phys. 49(1989) 136)



Relation to @*>0

® From N. Bianchi and E. Thomas, hep-ph/9902266
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Figure 4: P-evolution of [,,(Q?) (solid curves) and of 1{Q7) (dashed curves) evaluated
with Model Il for (p-n), p, d and n. The Model predictions are compared with experi-
mental results. The error bars show the quadratic combination of the statistical and the
eyatemalic unceriainties



our measured points by interpolation . of far n few pointa.
extrapolation. The results are plotied in Fig. 2 a a func-
tan of ¥ The promisent peak in the crom seciion is Uhe
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FIG. 2. ory is plotted as & function of mergy Joss » for
ench of six values of comstant Q. The points shown ek
solld [open) circles were determined by iterpolation (exirag
olation),

Ajggq resonance, which decreases in magnitude with in-
creasing F. The error bars represent the uncertaioty
due to statistics, and the grey bands indicate the un-
eortainty due o systematic ertors, which in addition o
those shown in Fig. 1. mclade a contnbution from inter-
polation and extrapolation.

The -xtended GDH integral was computed for each
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M. Amearew gf al Eoags.

value of @F neeording 4o sg. 1 neing limite of integration
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FIG. 3. Our measurements for [{Q*) vs. @, both with and

without an estimate of the DIS contribution.  Alss shown with

a dotied (dot-dashed) line are the 3 PT calculations of ref. [13]

(refs. [13] and [14]). The cabalntion of ref. [11]. baned Largely

on the MAID model, & shown with a solid line, We have

incladed data from HERMES [10], and bo avold compressing

our horsontal scale, we have adopied s semi-log scale for
1GeV* < @,
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