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‘Two-photon Exchange

One-photon exchange Two-photon exchange
Typically dominates unpolarized Loop contains:

polarized N(e,e’) scattering. entire elastic and inelastic
G Gy F; F, g, g, SIDIS nucleon response

New tool to test nucleon models.
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How do we observe this at leading order?

= Target Single-spin Asymmetry, A,
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‘Two-photon Exchange in Target SSA Measurements

*He'(e.¢’) inclusive, unpolarized
electron scattering

do(¢ps) — do(ps + m)
do(¢g) + do(ps + m)

Aur(¢s) = = Ay sin ¢

A, = 90T | \easured when ¢ -
Y douyu 2
doyy Re(_/\/l 1y Tfy) Unpolarized cross-section dominated by 1-photon exchange,

M, is real (time-reversal invariance)’

doyr Im(./\/l 1y S’y) Leading cqntribution to target SSA contains two-photon contribution
M, is complex

T. Averett 5/18/16 *N. Christ and T. D. Lee, Phys. Rev. 143 (1966) 1310



Quasi-elastic Scattering

When two photon exchange is included, we can write

25(1 —1—8) 1 I(k) I(k)
Ay = —— - {-Gum (6Ge + 1)
~ 2e UV g
I
+ Gg m(éGM+<1+€> M2F3>}, N :
T = Q*/AM?, v = 1(k, + k) (p" + p'*) = (1 +2(1 4 7)tan? &)1

The following contributions are complex and arise from two-photon exchange

Exactly zero for one-photon exchange ~ ~ ~
y P ¢ 5GE, 5GM and F3

Inelastic contribution modeled at large Q? assuming interaction with a single

quark and using weighted moments of GPDs (parameterization).

Same model used for estimating two-photon exchange contribution to the

unpolarized cross-section (G /G, vs. Q?).

Measurement of A provides independent constraint of GPDs.
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Polarized *He Target

airin olarization-preservin
Alkali-hybrid Spin-exchange Optical Pumping airoutN, e Y 4
Line narrowed lasers >100 Watts CW /R —

Effectively a polarized neutron target

Heater Line

6% (0% (o |

K
< 70 :
X
S state D state S’ state = @:| l-'\ -
(89.93%) (8.75%) (126%) 2 60 Pick Up' photodiode
g . coils —> —
S 50 if""“”‘\"-ﬁ ,nm*"g\ﬁ..\\-x.\f
o :‘ ;r
40 : Holding Field Coils
30 .
‘ ‘ Typical glass target cell
0 200 400

\ J Spin Flip Count
—— \ Bl Shamier

Transfertube

scattered e-

Targef chamber

T. Averett 5/18/16 J. Singh et al., Phys. Rev. C91 (2015) 055205 6



Experimental Setup
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Pick-up *He Scattering

Oven Cai Chamber

' RF coils

Carbon
Foils

Beam line

Reference P
Cell

Pick-up Coils

» Spin flip every 20 minutes using RF-sweep
NMR

» Calibrate polarization with EPR

» Minimize false asymmetries

» Small polarization losses

5/18/16

Trigger Plane
(Scintillators)

BigBite

Using LHRS and RHRS
in singles mode

E (GeV)|(E') (GeV)|(0) deg.|(Q?) (GeV?)
1.245 1.167 17.0 0.127
2.425 2.170 17.0 0.460
3.605 3.070 17.0 0.967
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» Large and negative at ~90 level (statistical)

» Christ-Lee holds for (e,e’) on 3He: A,=0 for OPEX

» No theory for A, on 3He — Theorists Please |
U YT Y,
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Neutron Extraction

NG

S state D state S’ state
(89.93%) (8.75%) (1.26%)
ar— L (qHe_ g p g
Y (1 - fp)Pn Y £ =

fp = (1 — fn) = 20p/03me = 203,/(20p + 04)

Non-zero and negative at
4-9 o (stat + sys)

Large inelastic contribution to
intermediate state

Consistent with GPD model at
Q2= 1GeV?

No theory for lower Q?
Theorists PLEASE!!

T. Averett 5/18/16

Neutron Extraction

f = 0,/0;, estimated using:

Kelly parameterizations of G¢(Q?) and G,,(Q?)
O3ne = Zo-p + 0,

Deltuva non-relativistic 3He model using CD-
Bonn + A potential for o3,
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. . Luminosity
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Detector| W | z | Q? AZHe:t (stat) £ (sys)| Ay =+ (stat) £ (sys) |Pair-produced background
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» Small Downstream Luminosity Asymmetry

Asym

£ = 5 : ; Entries 387
Et: Gm,E},.n“."”n.n".“.”.?”."."".nf ............................. A S— Mean 22.55
g8 | RMS 285.8
i 50 E... ............................ .................. 12/ ndf 30.41/16
2 . i 1k Constant  62.07 + 4.28
cE» 40 5_ ..................... g Mean [38.29i 12_15] ppm
R & - Sigma  229.2+10.1
§ 305— .................................................................... , ,, .............................
£ -

205— ..................................................................... ;~ ........................................................................

105... .................................................................. ........................................................................

SO P e N T

9500 -2000 -1500 -1000 -500 O 500 1000 1500 2000 2500

5/18/16 13



i
WILLIAM & MARY

CHARTERED 1693

Single-quark coupling model
Two-quark coupling model with Sivers input

Two-quark coupling model with h-h collision input
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Proton Neutron

non-diag non-diag
Sivers Sivers
9749 ) q74q

quark mass quark mass
sum sum
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M. Schlegel, Phys. Rev. C70 (2004) 065207
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Semi-Inclusive Target SSA

Quasi-elastic 3He(e,e’n)

Detect recoil neutron during QE scattering.

Christ-Lee theorem doesn’t apply for semi-inclusive scattering.

Ay can be non-zero for OPEX.

However, PWIA predicts Ay=O.

Sensitive to final state interactions/nuclear effects.

Unpublished NIKHEF result showed A = 50% at Q“=0.1 GeV-.

Precise tool for studying details of 3He wavefunction.

5/18/16
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Preliminary Result WILLIAM & MARY
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-- Detect recoil neutron using Hall A
Neutron Detector (HAND)

Left HRS

- A, changes by 2 orders of magnitude
between Q%= 0.1 - 1.0 GeV-.
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Summary

First measurements of the inclusive target SSA using vertically polarized
3He in QE, DIS scattering.

Quasi-elastic: Large SSA observed at Q% = 1 GeV?; Predicted by GPD

moment model.
Remains large down to Q? = 0.14 GeV?
TPEX important at low Q?

DIS: <A > = (-1.04 + 0.38) x 102
Much larger than predicted by Afanasev et al.
Agreement with magnitude of Metz et al. prediction.
Sign agrees with Metz using Sivers SIDIS input; disagrees with sign using data
from hadron-hadron collisions (KQVY).

Precision DIS measurements of ¢-dependence at high Q? possible with
SOLID spectrometer at Jefferson Lab at 12 GeV.

Precision results for SSA in 3He(e,e’n). Strong Q? dependence.
Sensitive to MEC and FSI in 3He.

5/18/16 19



DIS Backgrounds

BigBite: Pair produced e*/e pairs from n° decay.
Measure using positive polarity
>50% contamination in lowest momentum bin
1% in largest momentum bin
Largest systematic uncertainty

BigBite: m*~ in e*spectrum. No Cherenkov detector.
Relatively poor PID using only EM pre-shower and shower
calorimeter.

LHRS spectrometer, virtually background free.

Good PID
Highest momentum = negligible pair-electron contamination

5/18/16
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E (GeV)|(E') (GeV)|(0) deg.|{Q?) (GeV?) AZHS(%) fn (Kelly)| Ay (%) (Kelly) || fn (Deltuva)| Ay (%) (Deltuva)
1.245 1.167 17.0 0.127 -0.126+0.01540.027 0.050 [-2.92+0.36+0.64 0.044 -3.32+0.40%0.72
2.425 2.170 17.0 0.460 -0.18540.020+0.013 0.117 |-1.7840.26%0.16 0.104 -2.001+0.2940.18
3.605 3.070 17.0 0.967 -0.1994+0.01940.013 0.159 |-1.35%0.254+0.16 - -
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