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Generalized Parton Distributions

-Collins, Frankfurt, Strikman (1997)-
yf Q2 large, t small ( )

¢ 4 Generalized Parton Distributions
H H
E [E
! !

unpolarized polarized

@ Quantum numbers of final state selects different GPDs
® DVCS (v): all GPDs H, E, H, E

® vector mesons (p, w, ¢): unpolarized GPDs H, E
® pseudoscalar mesons (, n): polarized GPDs H, E
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What can we learn from GPDs?

Proton Spin

(HERMES, Phys. Rev. D 75 (2007) 012007)

1 A
5(Bu+Dd + As+Lg+Jg

J/
v~

Iq

Agq: well known from DIS & SIDIS

GPDs allow access to Jg, J; through Ji's sum rule:

1
/_1 dx - x - [Hgg(x,&, t) + Eqg(x,&, t)]
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The HERA Accelerator

L ongitudinal
P meter

Spin Rotator

Spin Rotator Spin Rotator

Transverse
Polarimeter

HERA/|

Possibility of e™ and e~ beams with Epeam = 27.5GeV
Naturally polarised! (Ppeam) ~ 30 — 60%
Spin rotators used to obtain longitudinal polarisation
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Measurement of DVCS

@ No recoil proton detection (1996-2005) = missing mass technique

used
) l\/lf = (Pe+ Pp — Pe —PW)2

@ SIDIS (7%) Background contribution ~ 5% estimated from MC

Zg 0.3 e e'data

= : o e data

§ i ‘ — MCsum

— I L elastic BH
0.2— mm associated BH

semi-inclusive
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(b)

et+tN—ée&+v+N
The simplest probe of GPDs (no gluons in the leading order)

Same final state in DVCS and Bethe-Heitler = Interference!
da(eN — eN’y) X |TBH|2 + |Tovcs|2 -+ TBHTD*VCS aF T,‘;HTDVCS
T
|781|? >> |Tpvcs|> at HERMES — no direct X-section measurement

(]

(]

Good news: 7 interference term allows access to (certain) GPD
combinations through asymmetries!
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All the glory of the asymmetries!

Interference term Z induces azimuthal asymmetries in cross-section:

» Beam-charge asymmetry Ac(¢) :
do(et,¢) —do(e™, ¢) ox Re[F1'H] - cos ¢

» Beam-spin asymmetry A y(¢) :
do(e, ) — do(e,¢) oc Im[F1H] - sin g

» Long. target-spin asymmetry Ay (¢) :
do(P,¢) — do(P,¢) oc Im[F1H] - sin ¢

(F1, F2 are the Dirac and Pauli form factors, calculable in QED)
(H, &€, H, € are the Compton form factors, moments of corresponding GPDs)
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All the glory of the asymmetries!

Interference term Z induces azimuthal asymmetries in cross-section:

>

Beam-charge asymmetry Ac(¢) :

do(et,¢) — do(e™, ¢) ox Re[F1H] - cos ¢
Beam-spin asymmetry A;y(9) :

do(e,¢) — do(e,¢) o Im[F1H] - sin¢
Long. target-spin asymmetry Ay (o) :
do(P,¢) — do(P,$) o Im[FyH] - sin ¢
Transverse target-spin asymmetry Ayr(o, ¢s)

do (¢, ¢s) — do(¢, ¢s + m) oc Im[FaH — F1E] - sin (¢ — ¢s) cos ¢
+ Im[FH — RE]-sin (¢ — és) + ...

TTSA is the only DVCS asymmetry where £ enters in leading order

As models for £ depend on J, —> AN ?)%*% s sensitive to J, |

(F1, Fy are the Dirac and Pauli form factors, calculable in QED)
(H, €, H, € are the Compton form factors, moments of corresponding GPDs)
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Extraction Procedure

Used Maximum Likelihood method with simultaneous extraction of
Beam-charge and Target-Spin Asymmetry amplitudes by minimizing

—In L(nHy"S ,nc,n%m) = Noar(mOY S, mc, i)
—Z |“[1 + STACY (07, 05 mor ") + e/ Ac(¢'imc)
+e/ST AU (8, ¢'s:i mur)

Allows separation of DVCS and Interference terms with same harmonic
signature.
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Ac: Beam Charge Asymmetry

do(et,¢) —do(e™, ¢)
do(et,¢) + do(e™, )

Ac(9) =

o« Re[F1H] - cos ¢

—r T
~ T ¥ A PRD75, 011103
- m thiswork

" . IDDFacD ! ]
““““““ DD:Fac,noD
— — DD:Reg,D E

——DD:Reg,no D

0 02 04
overall -t (GeVZ)

06 0 01 02 03

. 4 6 . 8 .1IO.
Q* (Gev?)

@ DD model for proton from M.Vanderhaeghen et al (PRD 60 (1999) 094017)

@ data taking years 2002-2005 with transverse target

HERMES, JHEP 06 (2008) 066
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Ac: Beam Charge Asymmetry
Ac(¢) =

do(et,¢) —do(e™, ¢)

do(e¥.0) T do(eq) ~ elfiri]-cosd

S S AV FASA w57 ==ys MR
~ E A PRD75, 011103 F DD:Fac,noD 3

- ] m thiswork ¥ — — DD:RegD ]
——DD:Reg,noD

T

¥ N N N N N | ¥ N N N N N N L N ]
0 02 04 06 0 01 02 03 0 2 4 62 8 1(2)
overall -t (GeV?) Xg Q” (GeVY)

@ DD model for proton from M.Vanderhaeghen et al (PRD 60 (1999) 094017)
@ data taking years 2002-2005 with transverse target

HERMES, JHEP 06 (2008) 066
Regge model without D-term favoured by the t-dependence of the BCA
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Ac: Beam Charge Asymmetry
da(e+, ¢) - dO'(e_, ¢)

A = x Re[F1H] - cos
)= da(e o) 1 doem.) < eI eos?
T 'T' oy 0 T T T T U IDDFacD T
~ + A PRD75, 011103 F DD:Fac,noD 3
- ¥ m thiswork ¥ — —DD:RegD
k3 ——DD:Reg,noD {

¥ N N N N N ¥ N N N N N N L N ]
0 02 04 06 0 01 02 03 0 2 4 62 8 1(2)
overall -t (GeVv?) Xg Q" (GeV?)

@ DD model for proton from M.Vanderhaeghen et al (PRD 60 (1999) 094017)
@ data taking years 2002-2005 with transverse target

HERMES, JHEP 06 (2008) 066
more data on tape! Updates coming soon!
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Transverse Target Spin Asymmetry Ayt

Aut (9, ¢s)

sin(@-g,
Aur Y

1

do(P1,¢,¢s) — da(PY, ¢, ¢s)

Pr  do(PT,¢,¢s) + do(PV, ¢, ps)

x  Im[FH — F&]sin(¢ — ¢s) cos ¢ + Im[FoH — F1E]sin(¢p — ¢s)

+ Im[HE — EH 4 EEH — HEE | sin(d — ds) + ...

sin(e-gg)cosp
AGT
o

8.1% scale uncertainty E3 At ovese AUT,I LI
Ed J,=06— -1 J,=06— -]
4 04— +{—$_— 04—
+ 0.2 + | 02 9
f—il, =
Ed ERL T 3
1 —2
1 1 1 1
T T T T
¢ : t |
1 1 1 1 1
0 02 04 06 50 01 02 03 0 2 4 62 8 lg
overall -t (GeV?) Xg Q° (GeV")
PANICO8, Eilat
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Transverse Target Spin Asymmetry Ayt

N T
@ 0'2_8.1% scal.euncertamty I Aur pvese F AUT,I L
s : J
%5 —7 7—— .-"7 +
< of F % 3
e i Y | Ed
_02_[—1__ﬁ ? l__
1 1 1 | 1
T T T T T
g 02:81%s:al_éuncertajnty ‘ ::
Ep E N N | - - ES ES _
k7l - - NT — -
P02l H—1PT R .
04 F o
1 1 1 L 1
0 02 04 06 O 01 02 03 0 2 4 6_8 10

overall -t (Gev?) Xg Q?(Gev?)
° ASL'/nT(d)_(Z)S)COSQ5 found much more sensitive to J, than others
@ insensitive to Jy, assumed Jy = 0 (supported by lattice QCD)
@ allows a model-dependent constraint
@ systematics controlled through Monte Carlo with 5 different model
variants
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'_331

Total Angular Momentum - Ji sum rule

0.5

HERMES DD (VGG)

JLab DD (VG
-1
-1

Lo

|
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@ Final transverse data fitted against the model
@ J, and Jy as free parameters
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@ Model-dependent constraints on linear comnbination of J,, Jy
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Conclusions and Outlook

Conclusions
@ Full statistics (~ 170 pb~1) with transverse polarization analyzed
@ Pure hydrogen target with high polarization = low systematics!

@ Extracted DVCS azimuthal asymmetries from Beam Charge and
Transverse Target Spin = access GPDs H and E.

@ Used the best knowledge available to construct a model dependent
constraint on total angular momentum J; of the quarks in proton

Outlook
@ More data being analyzed for A¢ to better constraint models
@ Similar studies using exclusive p° and 7 underway

@ Other models currently being investigated and developed

@ Another step towards solving of the spin puzzle tﬁg

E.Avetisyan (HERMES-DESY) DVCS TTSA PANICO8, Eilat 14 / 16



Backups

Forward limits (link to PDFs): (t — 0,¢ —0) |

for quarks: H9(x,0,0) = q(x) H9(x,0,0) = Ag(x)
for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) H&(x,0,0) = xAg(x)
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S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!
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for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) H&(x,0,0) = xAg(x)

S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!

Sum rules (link to Form Factors):l

+1 +1
/ H(x, &, t)dx = FI(t) / E9(x, ¢, t)dx = FI(t)
“1

-1

+1 +1 _
| ot de=gle) [ Bt o= m(o
1

-1

E.Avetisyan (HERMES-DESY) DVCS TTSA PANICO8, Eilat 15 / 16



Backups
Forward limits (link to PDFs): (t — 0,£ — O)I

for quarks: H9(x,0,0) = q(x) lth(x, 0,0) = Ag(x)
for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) H&(x,0,0) = xAg(x)

S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!

Sum rules (link to Form Factors): I

+1 +1
/ H(x, &, t)dx = FI(t) / E9(x, &, t)dx = FI(¢)
-1

1 o
/ F9(x, €, t)dx = g9(2) / E9(x, &, t)dx — hd(t)
1 1

Ji sum rule - relation to total angular momentum! - JipPre 78 (1997) 610 -

2

1/t = 1
5/ dx x [H9(x, &, t) + E9(x.£,1)] = Jg = SAY + L,
1
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Kinamatical Coverage of Experimental Data

, . % A
collider experiments: & FAS
1074 < xg < 0.021 : probing gluons "o Pl

s Upgraded ."';;
. . @ e
fixed target experiments: e

@ Compass 0.006 < xg < 0.3 :
gluons and quarks (g, + gs)

o HERMES 0.02 < xg < 0.3 :
gluons and quarks (g, + gs)

e JLAB (@6GeV)0.13 < xg < 0.6:
quarks (valence)

JLab

0 . . . . . !
0 01 02 03 04 05 06 07

XB
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