Beam-Recoil Polarization in
Virtual Compton Scattering

from the Proton below Pion Threshold
- _!*_ucq Doria

e
CANADA'S NATIONAL LABORATORY FOR PARTICLE AND NUCLEAR PHYSICS

it it

Owned and operated as a joint venture by a consortlum of Canadian umv ities via a cont ibution thro
Natlonal‘ h Council Cana:

l.,‘;

i
3 ‘\\ ‘\“Y e

,-p.,a--_-.’. » ’
)

“LEAIRE

LABSRA’ O&R-EANATIONAL AN "POUR LE 2
: ET EN PHYSIQUE DES PARTIEU Esk q‘.{.

Propriété dun consortium duniversités canadiennes, géré en co-entreprise a partir dune contribution
administrée par le Conseil national de recherches Canada



Outline

@ Motivation

@ Theoretical Aspects

@ The Experiment

@ Data Analysis and Results

@ Conclusion and Outlook

L.Doria, TRIUMF Clermont, 08



(Virtual) Photons and the Nucleon

Nucleon Polarizabilities: a, BM

T

Real Compton Scattering Y N -y N
(RCS)

Generalized Parton

W Distributions (GPDs)

Virtual Compton Scattering y*N -y N
(VCS)
Low- E
Generalized Polarizabilities

(GPs)

Virtual> Compton Scattering y*N —>y*N
(VVCS) L

Two photon corrections (FF)
Partonic Densities
V. Olmos de Leon EPTA 10 (2001) 207
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Generalized Polarizabilities

Electric Polarizability o
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¢ 12.1:0.5 x 104 fm?
; \

o | L |
8] G2 0.4

Q2
@ Displacement of charges

—_—

@ Induced dipole moment p=[1E
@ Atomic Systems a/V~1
@ Nucleons: a~10* fm3, V~1fm3

History of the GPs:

H.Arenhoevel et al,, NPA 233 (1974) 153)
P. Guichon et al., NPA 591 (1995) 606

D. Drechsel et al., PRC 55 (1997) 424

D. Drechsel et al., PRC 57 (1998) 941

Magnetic Polarizability B

2

———

1 16506 x 10+ fm:

T——
— e

o 4
o 0.2 0.4

Q2

Diamagnetism (p < 0)

@ ChPT: Pions are the relevant degrees of freedom
@ ,Pion Cloud" : Induced eddy currents of spinless

charged particles
Paramagnetism(p > 0)
@ Resonant structure of the Nucleon
@ Example: N->A Transition

+ 4 “spin” GPs

RCS data:
V. Olmos de Leon EPJA 10 (2001) 207
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Virtual Compton Scattering

Photoelectronproduction

@ Not separable from vcs

L1
1]

@ :
Bethe-Heitler Lorentz Boost

@ Form Factors needed

e e :
i o - in the direction of e
Contribution ; . ~ @Cross Section ~ 1/k
e e :
IS
P P

E 3 @ First order term
Born Term @ Suppressed by 1/m,
0 . @ Form Factors needed
e e 'Y
VCS Contribution Parametrized by the
‘m Generalized Polarizabilities
P P
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Virtual Compton Scattering
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Low Energy Expansion

Cross Section

d°c 5 , 2 2
= - H +Bom P EB. y (g2
{!E!nﬂﬂlﬂrﬂ?ﬂ ¢ GB + d}q b GE[E £.8 ¢"I + IZL'] J Reaction Plane 7

Wy =v1(0.0,€) (PrL(q”) — Prr(q®)/€) +v2(0.0,€)Prr(q’)

P.A.M. Guichon, et al. , Nucl Phys A 591 (1995) 606-638

ol + ol —dPcll — el dc"l — s

Double Polarization Observables P, = _ _— _— — _
e dcll +dcll + d3cll + d3a!] 2 d°c
Structure Functions Ad‘ﬁo_ﬁ.y,z — AdG ?]\{jBorn LOqAY 4 ¢ 0(q?)

Yy = vi(PLL —Prr/€) +voPry
AF; = 4 h Vi Ppp+ V5P + v PLq]
AW = 4 h v} Pip+v5 Prp + V3 PITT + V4 P’L

AW = 4 h [V Pip+ v Pl + 1) Pla + v, i
0 V1 Prp 3 Prp+v; Py M.Vanderhaeghen, PLB 402 (1997) 243

Generalized Polarizabilities P, = aPCF! | -
PTT — CIPI\-'II—MIlS; Jr(_,z PI\-'IE—I-,II,_SJ _
(p L p L )S PLT — bPI\-'II—MI +es [PC‘n_r\.-lu_R']+dlpc'3_|\.1|,;g']
/ S 1. Soin Fi Piy = e PMIZMIGS) [P(‘{}—I\-'IIIJ_SJ_‘_H,IPCE—MIE_S;[
p p P’z — PI\-'II—h-IIl’S}Jr P(‘(}—I'\-'IIni_.‘i"lJr ;PCZ—MIE_S]_
Init. Transition Fin. Transition LT s Cq d ]
E:g’1'\/|2’ Pij.:[' — [“rz PC'U—F\-'III_R'J _'_d;PC'E—I\-IIiS'J
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Dispersion Relations

VCS defined by 0’=—¢’

Reaction Plane

S—u LAB

_ _ A
vEam S By -2

Amplitudes analytical in v, Unitarity, Crossing Symmetry

Analytical continuation

2 2

vISF,(0%v,1)
vii—vy

SRF;.’B(Q2,v,t)=£J.w dv
TT Vin

MAID Parameterization
D.Drechsel, S.S.Kamalov, L.Tiator, Nucl.Phys. A645 (1999) 145-174

Parameterization of o and 3

th

Vth

2 TN _ ox—a"" CloEN0 2\ |2 4T 2
Fit to the experimental data (0« T+ 0UALY > P >-—@7“<Q )
Prediction for the 4 Spin GPs
. 2y _prN_ B—p"" (M1-5M1)0 [ 2 __\/gﬂ 2
Dipole Form BO7)-B 1+ 07N —» P (Q@)=—3 7 B(Q)

B.Pasquini et al. , Eur. Phys. J. 11 (2001) 185-208
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Theoretical Predictions

Linear Sigma Model
= HBChPT

""" Dispersion Relations
A Effective Lagrangian
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Q2 GeV?

1 1 1 1 1 1 1
o 01 02 03 04 05 06 07 08

Q2 GeV?

NRCQM

P.A.M.Guichon et al. NPA 591 (1996) 606

Pasquini et al. nucl-th/0105074
................. Linear Sivi o Model

A.Metz et al. ZPhys. A356 (1996) 351

HBChPT O(p3)
Hemmert et al. PRD 62 (2000) 014013

Dispersion Relations

B.Pasquini et al. PRC 62 (2000) 052201

E B EEEER
Effective Lagrangian Model

A.Korchin et al. PRC 58 (1998) 1098

Other ChPT calculations:

- HBChPT O(4/5): Kao , Vanderhaeghen, PRD 70 (2004) 114004
- Covariant ChPT O(4) : D. Djukanovic (Mainz, PhD thesis)
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World Data: Structure Functions
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World Data: Scalar GPs

T RCS Spin GPs subtracted oL
10 Bates, using the DR model (10°% E:,')
m
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Experimental Setup
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The MAMI Accelerator Complex (KPH Mainz)

No. 3 LINAC 1(4.90GHz) No, 2

=

- Extraction 1507MeY
' B=1.539T

43 turns

K
* Matching-Section
4.90GHz

10m
4

&

. § IﬂjeCﬂon 355Mev

LINAC II {(2.45GHz)

MAMI Accelerator

@ E = 855 MeV/c?

@ Max. Current = 100 LA
by @ Duty Cycle: 100% (cw)

) % a7 @ Energy Spread 30 keV (FWHM)
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Experimental Setup

3 Spectrometers

@ Momentum Resolution: 104
@ A,C: QSDD, Acceptance 28msr
@ B: Clamshell, Acceptance 5.6msr

Detectors
@ Cerenkov Detector (e/m id.)

@ Vertical Driftchabers (4 Planes)
@ 2 Scintillator Planes

K. I. Blomqvist et al., NIM A403 (1998) 263-301
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Unpolarized CrossSection
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Form Factors
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Cross Section
@ ~10% Difference

@ 2 different analyses

Parametrizations:

@ Dipol: G,(0%)= !

(1+0°/1A,)

GM(Q2)=UGE(Q2)

@ Mergell et al.
@ Friedrich und Walcher

P.Mergell et al. , Nucl.Phys. A596 (1996) 367-391
J. Friedrich and Th. Walcher, EPJ A 17 (2003) 607-623
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Cross Section

Coincidence m? = (k+p-k'-p’)?

x10° x10°

F 1200

[ 3ns L
500;
aoal Mergell et al. Fw HBChPT O(p3)
300} 28.5+1.9+2.8 27.1+19+2 .8 26.3/26.0 (GeV)?
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Double Polarization
Observables
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Recoil Proton Polarimetry

Th. Pospischil, NIM A483 (2002) 746-733

~/ POLARISATION E A e ]
in place of cherenkov 23 EIFIEIF ‘.‘ 3 ﬁolgﬁi
HORIZONTAL N3 : e BRI
DRIFT CHAMBERS : aHE
CARBON -7 ? E , é
ANALYZER E F E
6 DRLGE
SZINTILLATORS 2 ; ]
4 e
VERTICAL E - E
DRIFT CHAMBERS 30 ERITL
E Y e
2 ER T ohd E

SHIELDING HOUSE : b
-1k ENS 3

MOMENTUM E
ACCEPTANCE 0 ER N
(10 %) :

~ 1
2 :_\ | | 1 | Lod Bl

PROTONS 0.3 [ ‘ ‘ ' ‘ T _ comiment

7 = osPiNmck2
— CEPIN track 3

E,, < 250 MeV (p,,, <660 MeV/e) P I St v T R
@ Cross Section pC®?: | i oc | +PbAC(q§" E.)(Pﬁ) sin®.— PP COSGD)
i i y i X i
Reconstruction of the Polarization Sys‘rema‘rcaloError's
@ 3 Components measurable @Px ~ 2 0.804
@ Full spin precession calculated P~ +11%
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Maximum Likelihood Method

Spin rotation, Lorentz Boost,..
@ Parametrized in one single rotation
@ 3 Parameters
@ Computed for each event

@ Rotation dependent on: Momentum, Target Coordinates, Spectrometer Angle

Ip

Likelihood:

@ Three Polarization Components

axy a., P
dy, dy y

zy zz z

lnL=Zi In[1+ P, hd,.(P,, El.)(Pf’sin@Pi—Pfcos@l.)]

X

lnL=Zi In[1+P,hd (P, E) P (d\, cos®,~a, sinP,)

em( i i
+P"(a', cosP,—a' sind,)

+P"(a' cos®,—a'_sin®d,) |
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Maximum Likelihood Method

General Procedure
@ Measurement of the kinematics
(FP angles, Target coordiantes, ..)

@ Single Event Probability:  p,=1+P,hA.(®P,, E,)(P"sin ®,— P" cos d,)
@ Lorentz Boost, Spin Rotation ~P"«—— P

@ Likelihood: L=]] p—InL=3) Inp,

. . al L cm
@ Maximize: ?m =0—(P, )
xX,y,z
\/ oL |
n
= 1Sti .=t —
STGT'ST'CGI Er‘r‘or' y aPlaP] ~ No binning needed

Advantages J Statistically robust

Efficient use of the information

\_ Fast algorithm on modern PCs
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Double Polarization Observables

0.20F 0.30F
: _ <BH+B> 9
010  <BH*BGPs> 0.20f
_ ~ Nominal Kinematics —
-0.00f 0.10F
n -0.10F o~ -0.00f |l
—o.2o% -0.10F
-0.30f ~0.20F
-0.40¢ A B -0.30F A B
-150° -100° -150° -100°
O, O,
@ False and background asymmetries @ P_bigger than BH+B
hegligible @ P consistent with O

@ P_fixed on BH+B

- Small correlation with P
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Sensibility to the Structure Functions

seaw| ,  _ ddll4d’s —d'ell — 6l _ &' - i
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: y o y plL vy pl v o/l v o/
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8
LR e R A
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) =180 e =220
’ 8 ’ @ Larger effect from Pi

@ Few Information from Py
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0 s @ P_ (still) not precise enough
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Results (MAMI Double Pol. Experiment)

Form Factors PLLT (GeV™?)
Arrington et al. [1] -17.6 + 3.3
Hammer et al [2] -17.7 + 3.3
F-W [3] -17.8 + 3.3

Overall Systematical Error: | +2.12, -0.38 Theoretical Models

Sources: HBChPT O(p3): P,.=—10.4GeV "

® Beam Polarization DR Model: P,=—127GeV * A =
@ Constraints

@ CrossSection Input

@ Effect of other Structure Functions

[1] J. Arrington et al. PRC 76, 035205 (2007)
[2] H.-W. Hammer et al., PRC 75, 035202 (2007)
[3] J.Friedrich, Th.Walcher, EPJ A17, 607 (2003)
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Extraction of P+

10%

— Fit result

Bethe-Heitler + Born

0%

-10%

-20%

q! TFETE

-
—
e e

-30%

Beam-Recoil Polarization P,"

~40% T RS TR RN
-150° -100°
Photon CM angle 6,

LD, P.Janssens, et al., in preparation
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Conclusions

Virtual Compton Scattering

@ Intuitive physical interpretation

@ Fundamental as the Form Factors

@ Contribution from different low-q QCD degrees of freedom
@ New test for the nucleon models

Experimental Activity

@ Measurement through Photonelectroproduction

@ First unpolarized experiment at MAMI (Q?=0.33 GeV?/c?)

@ Experiments at MIT-Bates (Q*=0.05 GeV?/c?) and JLab (Q?=0.92 ; 1.76 GeV?/c?)

@ Measurement of the Single Spin Asymmetry at MAMI I Bensafaetal., Eur.Phys.J. A 32, (2007) 69-75

NOW: First Double polarization observables
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Outlook

The Future
@ More Statistics for the double polarization experiments: Separation of the GPs
@ Measurement of new kinematics for clarifying the Q* dependence of o and

¢ RCS (XE
10 |- Bateﬁ_ s
i\ % MAMI (107 m")
5
JLab JLab
0 T TT__*"““"————*—— Q?=0.20, 0.50, 0.65 GeV?
15 2

@ New kinematical ranges with MAMI-C
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Double Polarization Observables

1.0%
B Reconstruction of 3 components in the CM system
0_5%; — Nominal Kinematics
P_well reconstructed
0 0.0% - * > Small spin precession
i e
~0.5%| Correlation between P and P,
» Strong Spin Precession
~1.0%[ kb » How to correct? —Constraint
G)W
1.0%_ 1.0%
0.5% 0.5%_— } i *
0> 0.0% A" 0.0%
L { } { } i L
—0.5%_— —0.5%_—
-1.0%/ R R -1.0%L. N R
-150° -100° =150 -100
o, O,
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