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DVCS At HERMES

Bethe-Heitler

A DVCS A A A’ A A
DVCS and Bethe-Heitler = Same final state = Interference
do

x |Teu|* + |Tpves|® + ,\TDVOSTEH + TBHTBVCSJ

I

dz 5dQ2d|[t|d

At HERMES kinematics |7pvcs|? << |TH|?

DVCS amplitudes can be accessed trough Interference

Interference => non-zero azimuthal asymmetries

A
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DVCS At HERMES

2
9.
W

A/

do
drpdQ?d|t|d¢

< |Tsu|* + |Tpves| + ?DVCSTEH + TBHTBV(,*%

I

Bethe-Heitler is parametrized in terms of electromagnetic Form-Factors

Fy, By Nucleons . _
G1,Gy,Gs Deuteron } = BH is calculable in QED

DVCS is parametrized in terms of Compton Form-Factors

H, £, 7:(, £ i i Nucleons
H, H+,---Hs, Hq,---Hy Deuteron

= convolutions of hard scattering amplitudes and GPD’s

A
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Accessing GPD’s

* Beam-Charge asymmetry

olet,¢) —o(e™,¢) < Re[F1H] (Re|G1H,))
* Beam-Spin Asymmetry

o(e,9) —o(‘e,d) oc Im[FyH] (Im[G1H1))

5
* Longitudinal Target-Spin Asymmetry
o(P.¢) — 0(P, ) o Im[FyH] (Im[Gy Hy])
* Longitudinal Double-Spin Asymmetry
o(P, €, ) — o(P, €, 0) x Re[F\H] (Re[G1 1))
* Transverse Target-Spin Asymmetry

(¢, ¢5) —0(9, ¢s +m) o< Im[FyH — F1 €]

* Transverse Double-Spin Asymmetry *iai

o(€,0,¢5) —o(‘e, o, ¢s +7) < Re[FoH — 1 &]

A
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Azimuthal Dependences

2
Tonl* = KBH {Zc " cos(ng) +s{3Hsm<¢)}

n=0

‘TDVCS| = KDVCS{ Z C, DVCS COS n(b + Z DVES Sln(n¢)}

n=0 n=1

_ KI€£ 3 3
__73 Z cos(ne) + g sin(ng)

n=0

Longitudinally polarized target:

Cn = Cn,unp + )\Acn,LP

Sn = ASnunp + Msn.Lp } Spin - 172 ) . Beam helicity
A -Target spin projection

3 3

3 3
Cn = §A20n,unp + AAcn,LP + (1 — §A2)Cn,LLP
Spin - |
Sy = 5)\A2Sn,unp + ASn,LP + (1 — §A2))\Sn,LLp

€y - Beam charge

Transversely polarized target:

Cn = Cn,unp + ACn,UT + )\Acn,LT .
Spin - 1/2

Sn — )\Sn,unp + ASn,UT + )\ASn,LT

A
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HERMES Experiment

DRIFT

/7 FIELD CLAMPS ‘\

TRIGGER HODOSCOPE H1

\ __-- 270mrad

DRIFT CHAMBERS

\ PRESHOWER (H2) _ — ——

g
P
— i
s e

RECOIL CHAMBERS __——
11 PROTON ¥
LN
g N o . Longitudinally polarized
B =" U s FI T T Monor Y e’/e- Beam
CELL # \\Dvc\f\i = 27.6 GeV
=1 HODOSCOPE HO
STEEL PLATE y BCW4  TRD \CAL{)RIM\EIKEE : ::
= R'CH\\\\\‘\\_~270mrad
0 '1 2 3 4 5 6 7 8 9
*1996-1997 Longitudinally Polarized Hydrogen (e* Beam) ~ 3 M DIS
*2002-2005 Transversely Polarized Hydrogen  (e*/e" Beam) = 10 M DIS
998-2000 Longitudinally Polarized Deuterium (e*/e Beam) = 6 M DIS

996-2005 Un
996-2005 Un

*2006-2007 Un

DO
DO

DO

arizec
arizec

arizec

Hydrogen (e*/e- Beam) = |7 M DIS
Deuterium (e*/e- Beam) = 10 M DIS
Hydrogen (e*/e- Beam) = 40 M DIS

1
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Event Selection

* Events with one DIS lepton and one trackless cluster in the calorimeter.
* Recoiling nucleon/nucleus was not detected
o e . . . . . 2 / 2
—> Exclusivity via missing mass technique: M:2=(P+q—4q)

0.1

—2.25GeV? < M? < 2.89 GeV?

W? > 9GeV?,

—t < 0.7GeV?,

v < 22GeV
0.03< zp <0.35 1< Q?<10GeV?

E, >5GeV

%.lll

e e'data
o € data

— MC sum

----- elastic BH
associated BH

--------- semi-inclusive

M2 (GeV")

g
Proton:
* Elastic; ep — epvy
* Associated; mainly ep — eATy

: . : 0
_® Semi-Inclusive; mainly ep — en” X

Associated cannot be resolved —> defined as a part of signal.

A
hémibs
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Event Selection

* Events with one DIS lepton and one trackless cluster in the calorimeter.
* Recoiling nucleon/nucleus was not detected

— Exclusivity via missing mass technique: Mg = (P +q — q’)2

W2 >09GeV?, v <22GeV
0.03< zp <0.35 1< Q?<10GeV?
~t < 0.7GeV?, E,>5GeV

-1 ® Data

"y
o
I

—— Monte Carlo sum
--- incoherent BH + DVCS
coherent BH + DVCS

-~ BH with resonance exc.

1000 * N, /Ny

. . . | . . . | R ! B
0 0.2 0.4 0.6
-t [GeV?|

—2.25GeV? < M? < 2.89 GeV?

N\

Elastic, ep — epy
Associated; mainly ep — eATy
Semi-Inclusive; mainly ep — €7TOX)

-

\_

Deuteron: A

e Elastic (Coherent); ed — edry
* Quasi-Elastic; ed — epny
 Associated; eN — eN™vy

o Semi-Inclusive; eN — em’X

Associated cannot be resolved —> defined as a part of signal.

A
hémibs
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Extraction Procedure

Distribution in the expectation value of measured yield

(N(ee, Py, Sty d, 05)) o< ouu ()1 + erAc + ALY ©° + er PLALY
——StADVCS —I_QEStA{]T
+D, S, ABHFDVCS 4 o pg, AL ]

Combined e*and e data => allow to separate pure beam(target)
polarization dependent parts of the cross section from that
convoluted with beam charge .

e¢ - Beam Charge
P, - Beam Polarization
St - Target Polarization

A
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Extraction Procedure

Distribution in the expectation value of measured yield

N(ee, P, St, ¢, 95)) o< our (¢)]1

/ 5 5, ALETDVCE = pg, AT

Combined e" and e” data => allow to separate pure beam(target)
polarization dependent parts of the cross section from that
convoluted with beam charge .

Ex_bansion Ofthe asymmetries: ey - Beam Charge

N AN P, - Beam Polarization

A~ AP cos(ng) or A= AP gin(ng .
Z ) Z () St - Target Polarization

Asymmetry amplitudes are extracted simultaneously with

maximum likelihood method.
A
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JHEP 11 (2009) 083

Beam-charge & Beam-helicity asymmetries (H)

(0" 40" ) (07" ot

Aram Movsisyan, DIS, Newpo

rt News 14.04.201 |

Ac(9) = (0t~ 40T )+ (0= +0t°)
= HERMES r —— VGG Regge, no D e+p—et+p+y
- 0.2
So 01 | | x Re [F 17‘(]
o R, R Sttt | ‘
overall -t [GeV?]
Ipves, . (0T =0t T) (o7 =07 )
0.2 | | = HERMES | 8% VGG Regge + I e+p—=e+p+y
o _ 0 A5 et e Hnialt it A T
agoep e M—' dhiy g by Ey Tt e Tm{FH]
-0.4 - __ | W
-0.6 | — — — —t - | , S .
" 0.2 m HERMES + " e +p—>e +p+y +
I S NI XS S KT R o
= {1 | | F 1 o zm M + HAE
< | i
-0.4 —— , — = ', I, — =
10 10”7 10 1 10
overall -t [GeV?] Xg Q% [GeV?]
A



JHEP 11 (2009) 083 Beam-charge & Beam-helicity asymmetries (H)

(67— +0T) = (67 + o+) Model: VGG Beam charge asymmetry
Ac(¢) = sy pr—p—— Phys..Rev.D (1999) 094017 e strong -t dependence
Prog. Nucl. Phys, 47 (2001) 401 * no xg and Q? dependencies
* good agreement with model
0.2 | =  HERMES _ —— VGG Regge, no D _ e +p e +p+y Pl"ediCtiOhS
2o onl | | | FyH]
Sp 01 _ | ﬁ\ﬁg} - + x Re|F1'H
o i S S | s S <
w0 w0 1w 1 10
overall -t [GeV?H] Xg Q% [GeV?]
AI’DVCS(Qb) - (O-—'_—> N O'+<_)i(0'__> B 0-—<_)
0.2

m HERMES - &% VGG Regge - e+p—=e+p+y

o loomeeee o TS| FERARee frofoeer T e
£3 020 . | ; L b, Tt o Im|FvH
i | | W TR S L T FiH]

-0.4 | WW
0.6 — — bt | , 1
o 0.2 ® HERMES + . ee+p—e+p+y +
JR-JrY S L SR SN OUUR. SOF 38 3 L UUORN . 3 0 DUUVROOOO .
= {1 || £ 1 o Im MM + HA
< .' .'
0.4 —_ — —_— ,' I} - —
10 10 10" 1 10
overall -t [GeV?] Xg Q% [GeV?]
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JHEP 11 (2009) 083 Beam-charge & Beam-helicity asymmetries (H)

A (¢) (0'_"_> + O'-I'(_) — (O'__> + O'-I'(_) Model: VGG
c(P) = —— — — — Phys..Rev.D (1999) 094017
+ + + y
(077 + 0T T) + (077 +07T) Prog. Nucl. Phys, 47 (2001) 401
= HERMES r —— VGG Regge, no D i e+p—es+p+y J
o 02 - - -
§<o oL | .' N } .'
bl S [ S —— 1_|r_4—| """""""" —|
0 10 4 T - Charge-difference beam-helicity
overall - [GeVz] Xpg asymmetry
B B * significant negative value
+— ++—\+ — «—
ALDVES () (0T 0T ) (e 0T T) * no kinematic dependencies
Lu (ot~ 40t )+ (o~ +0 ) e model predictions overshot the
02 F C C : data
] m HERMES | %% VGG Regge
T e e +
$502f . | R S S L by Tt < Im [P H]
-0.4 Lt L s | M%W
0.6 _— - — — i\ e . . - [ . : —1
- 0.2 ® HERMES + . ee+p—e+p+y +
JR-JrY S L SR SN OUUR. SOF 38 3 L UUORN . 3 0 DUUVROOOO .
£3 f | + | t 4 | Im[HH" +HH|
w<_| _0_2 » »
0.4 _— , — —}, ra———
107 10”7 10" 1 10
overall -t [GeV?] Xg Q? [GeV?]

A
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JHEP 11 (2009) 083

Beam-charge & Beam-helicity asymmetries (H)

(0'_"_> + O'-I'(_) — (O'__> + O'-I'(_) Model: VGG

Ac(¢) = Phys..Rev.D (1999) 0940
+— 4 N +— YS..REV. ( ) |7
(077 + 0T T) + (077 +07T) Prog. Nucl. Phys, 47 (2001) 401
= HERMES r —— VGG Regge, no D e+p—es+p+y
0.2 . I
z N . . .
o 0O . B B B
< [ —— ] | ﬁq\}gv} [ .1.
O =] I St *Tlr'_gﬂ """""""" T | S T
0 w0 w1 10
overall -t [GeV?] Xg Q? [GeV?]
ALDVCS(Qb) _ (O-—|_—> T O-+<_)i(0-——> N 0-_<_)
0.2 | = HERMES - k& VGG Regge - e+p—e+p+y
0 _____________________________________________________________
£3 00l '_ ; T + '_
T . . % BEREEE. .
0.4 | - -
06 f =— [, — — bt
0.2 m HERMES + e+p—>e +p+y
(/)]
e
§<3 -0.2 + s +
-0.4 — L, — - —
107 10”7 10" 1 10
overall -t [GeV?] Xg Q? [GeV?]

(e )

\_ J
x Re [FlH]

v 3

§ J

Charge-averaged beam-helicity
asymmetry
* consistent with zero

x Im [HH* + ﬁﬁ*]

2 - dimensional (xg, -t) binning
also available
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Beam-charge & Beam-helicity asymmetries (H)

1996-2005: JHEP |1 (2009) 083

2006-2007: Preliminary * improved precision
1996/2005 + 2006/2007 data

0.1 FHERMES | = Preliminary 2006-07 |
i - A JHEP11 (2009) 083

cos (0¢)
AC
o
o
>
B
-
.y
EN
S
>

-0.1

cos
AL’
o © o
- DN W
S .
L
."“"‘*—-D-H
——

:° """ .' A&*IP&“H&%%H IH&& |

0.2 "HERMES [ = Preliminary 2006-07 [ 3.4% gcale Uncertainty _-e+/- p — et Py

I R a_anepttoogoss [ 287 1L ]
302l u |4 #HH‘ ﬁ Mﬂ ﬁ ﬁ;w“% S TR A Ll EL A
o S AN SNSRI S A
o B A A L U Y LA S PPN
-04 L n . : n .
10” 107 107 1 10
overall -t [GeV?] Xg Q*[GeV?]
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Nucl. Phys. B829 (2010) | Beam-charge & Beam-helicity asymmetries (D,H)

Beam-charge & Beam-Helicity
asymmetries
* Proton and Deuteron results
are compatible at low and
intermediate -t regions.

- Im [Fl H} * No clear signatures of 40%

Im [GlHl} contribution from coherent
process at low -t.

sin ¢
LU, I
(=]
| T
]
1
b
e,
| ]
I 1
—!I— + 1f
: 3
1 <]
1 !
: I+ i
—D—
&
2
<
e
R T—
— i
—— -
] ] | ]

: * no significant xg and Q?
=T dependencies.

S 5 S <
=
TTTTT RN RN R R E R REEEERER

]

1

]

1

]

1

]

* Difference at large -t (for beam-
s charge asymmetry) might be
ALLARIIE | caused by additional contributions

X :
| " Zm[HH + ] from Neutron and its resonances.

sin ¢
IALU,DVCS
= =
o = o
L L | T
-
| i |
I I I
*+
——
—_
==
———
—
;...::::
—p—
=
me=
=
—>—
S
—.'l—_>_
e
——
++
—aa
—p—r
]

oal 1 1

overall -t [GeV?] XN Q*[GeV?]
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Nucl. Phys. B842 (201 1) 265 Longitudinal Target-Spin Asymmetry (D,H)

Data collected with positron beam
— = —=\ —<= —<—
AUL(Qb):(O +0"7)— (67" +0" )

(0-—>:> + O—<—:>) + (O-—><: + O—<—<:)

L = VGG Regge p+n
L oo VGG Regge p

sin ¢

Im [FyH]
<. im [G1H1]
53

sin(3¢)

X Higher twist
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Nucl. Phys. B842 (201 1) 265 Longitudinal Target-Spin Asymmetry (D,H)

Data collected with positron beam

R - . — Longitudinal Target-Spin asymmetry
Auvr (Qb) = (U ~ Fo :>) _ (U 4o <:) * Non-zero negative value of
(0-—>:> + O—<—:>) + (O-—><: + O—<—<:)

leading sin(¢) amplitude on both
targets.

L === VGG Regge p+n
L. oo VGG Regge p

sin ¢

A Sln(2¢)

= 04} T T T T T T T o< Higher twist
- :)_'A"_'h**ﬁ++f4*f+++ """ _"4*"4*'41'"_41' _______
<02 . I

A
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Nucl. Phys. B842 (201 1) 265

Longitudinal Target-Spin Asymmetry (D,H)

Data collected with positron beam

B (O.—>:> _I_ O.<—:>) L (0.—><: _I_ O.<—<:)
AUL(¢) — (0__>:> _|_O_<_:>) 4 (O__><: _I_O_<_<:)

(

. === VGG Regge p+n
L oo VGG Regge p

A
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e Results on deuteron neither

support nor disfavor large
contribution from neutron,

predicted by the model.
* Results on proton and deuteron

targets are compatible.

X Higher twist




Nucl. Phys. B842 (201 1) 265 Longitudinal Target-Spin Asymmetry (D,H)

Data collected with positron beam

-

N
(O.—>:> + 0.<—:>) _ (O.—><: + O.<—<:)
AUL (¢) — — = —= — <= —<=
(677 +0"7)+ (07T +07F)
g J
2 T eShe b ~
Z‘ Im [FlH]
m< i} Im [G1H1]
53 )
£ 0
5302 ¥y | A FUog
-0.4 ‘ S S— - ' R 27
. BE— I E— — — X Higher twist
AR T SRR N P :
o [ * Amplitudes related to the
' Higher twist contributions are
consistent with zero.

A
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Nucl. Phys. B842 (201 1) 265 Longitudinal Double-Spin Asymmetry (D,H)

Data collected with positron beam
(O.—>:> + O.<—<:) _ (O.—><= + O.<—:>)

A —
s 08 LoV re | L s e
2 - _Azoz(qb)
Re [Flﬁ}
X ~
Re [G1H1]

8<j 0.(2) __1'\-__4 " +* #_“ 4 % !:, _____ [ Ay 4 ++ T X Higher twist
ool - ; 'y + R
04 — n 1 - 1 wll] i
10™ 107 1 10
overall -t [GeV?] Xy Q% [GeV?]

Asymmetry amplitudes are attributed not only to squared DVCS or Interference term,

but also to squared Bethe-Heitler term.

A
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Nucl. Phys. B842 (201 1) 265 Longitudinal Double-Spin Asymmetry (D,H)

Data collected with positron beam
(O.—>:> + O.<—<:) _ (O.—><= + O.<—:>)

Longitudinal Double-Spin asymmetry

A (gb) — * Leading cos(¢) amplitude is
Lt (677 +0"F)+ (67 +077) compatible with zero for both
targets.
— 0.6 - =3 VGG Regge p+n - - g+ + a> A 34. + E))
g 0.4 B - 2 VGG Regge p - - ( )
20 cos(¢@
| | 1 | |
. Re [Flf}'q
Re [Gl Hl]

8<j 0.(2) __1'\-__4 " +* #_“ 4 % !:, _____ [ Ay 4 ++ T X Higher twist
ool - ; 'y + R
04 — n 1 - 1 wll] i
10™ 107 1 10
overall -t [GeV?] Xy Q% [GeV?]

Asymmetry amplitudes are attributed not only to squared DVCS or Interference term,

but also to squared Bethe-Heitler term.

A
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JHEP. 06 (2008) 066 Transverse Target-Spin Asymmetries (H)

(O—I-TT _ U—I-l})i(o-—ﬂ _ O-—U)

Ajr " (6.65) = (ot +0T4) + (T +07V)

;m L 8.1% scale uncertainty ! ' !
?; 0.2 - _ 1 I
I S B o I 1 - A?}I%W—cbs) cos(¢)
02 ——4— T . T~ . ;
g 02 - 1 1 1 .
£ of T I 1 Im[FH — FE]
N 1 1 1% Im[He” — enr — e(HE — €N
04 + 1 -
g | : ]
Z 02} I I _ )
s oJF 1 1 ] Zm [FoH — (F1 + EF3)E]
| Im[—HE* — H*E + E(HE* + EHM)]
0.2 | 1 ' I = -
0 02 04 06 0 01 02 03 0 2 4 6_8 10

A
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JHEP. 06 (2008) 066 Transverse Target-Spin Asymmetries (H)

(U-I-TT _ U—I—U)i(a-—ﬁ _ U—ii)

Charge-difference Transverse Target-
Spin asymmetry

I DVCS(gb ng)

e Non-zero leading cos(nd)
amplitudes.

L 8.1% scale uncertainty

in(¢-9)

A

UT
=
e
o
5

X A?}T}(Cﬁ—CﬁS) cos(¢)

¢ | Im|FyH — Fi€]
EH { X * * ) Ox o *
F 02 | N Im[HE — EHT — E(HE — EHT)]

Em 0.2 | -_-I + | T T - If .
% ! 1 _+ 1 Im[FgH (F1 +EF)E ]
34 i I [~HE* — H*E + E(HE™ + EH™)]
02 F += I !-- = ]
0 02 04 016'20 01 02 03 0 2 4 6.8 10
overall -t (GeV") Xp Q" (GeVY)

A
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JHEP. 06 (2008) 066 Transverse Target-Spin Asymmetries (H)

_ _ 4 N
IDV(JS (e =™ (c7" - 07} B erar e T e T
(¢, 0s) =
¢
;m - 8.1% scale uncertainty . amplitudes
<« X A?}Y}(Cﬁ—CbS) cos(¢)

¢ | Im|FyH — Fi€]

EH { X * * ) 7 O ok
F 02 | N Im[HE — EHT — E(HE — EHT)]
z s Im[FaH — (F1 + EF)E]

S P I [~HE* — H*E + E(HE 4 EM™)]

AC

Leading cos(¢) amplitude of charge-difference target-spin asymmetry Alut

is sensitive to CFF ‘E, therefore J,.

A
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JHEP. 06 (2008) 066 Transverse Target-Spin Asymmetries (H)

(G g G H+ﬂ)+(—>—ﬂ Lo g ?—ﬂ)

LT TG L T L T Tt ¢ (Tt Tt 4 G o

_ 05 e*p' — e*yX [ HERMES PRELIMINARY [ Scale Uncertainty 8.6% [ mAT @ Aqguoucs
g R ¢l vl Il iuw cos(¢p—¢s) cos(¢)
8 5 o e _ # t ++ 'H _ .|.4L % ++ ++ _ ++ - 1t i X ALT

0.5 e [ ——— T
s  o05f - - -
3 | + o 1 Re[FyH — (Fy + EF)E]
Z OF-~ "~ "@a " """ T """ "% % TRttt 1rTC I T S A ~ ~ ~ ~
§<'J -05'_ -¢ i # ﬁ H - + ++ ﬁ # - * +_+ ++ +* OCR@ [Hg* L gH* L f(Hg* o (C:H*)]
0 IR NEPRFE'S. 3 BRI S IS . U
Sl | | Ll o T Re[HE — HE + E(HE 4 EN)
o§ 0.4 A — T
g‘g 0'2:_ A _ R N A A A A A A A A

0 10 10 'itl)" 1 10

overall -t [GeV?] Xz Q? [GeV?]

Leading amplitudes of charge-difference and charge-averaged transverse double-spin asymmetries

are compatible with zero over all kinematic regions.
Sensitivity to Jy is suppressed by kinematic pre-factor.
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Beam-Spin and Beam-Charge Asymmetries

Beam-Spin and Beam-Charge Asymmetries
on longitudinally polarized Deuterium
with vanishing vector polarization
(non-vanishing tensor polarization )

Coherent contribution :
small -t ~ 40%

(677 +07")— (6" 4+ (c77) - 1
AL§(¢) — o= + 0-—><=) + (0-<—¢ + (0-<—=>) Im _Gl (Hl o §H5)]
ALU(¢) _ Z_} _T_;_ Im_G1H1]

B _ 1

Agg(@ — (c7= +0t<)+ (0= + (67=) Re -Gl (Hl o §H5)]
ot —o~ -

Ac() = RelGirty

A
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Nucl. Phys. B842 (2011) 265 Beam-Charge & Beam helicity Asymmetries (D)

0s(0¢)
L= (C)
o N

Cc

- VGG Regge p +n - = e +d - o e® +d

: 3 é 1 1
» 1 ]
CErTg Tt~ e el e el e e S ¢ P b = = TR L o o -
- o=y [ m @ "' T [ 0o i
1 ]

3 ! ¢T 3 l o '

[— - o J -

S ITTIIIXT, =
7 RRRRRRIELILHRAIIIIIETEREL

0000 0% %%

x _Acos(qb)

Re|Gy (H, — %H5)]
RB[GlHl]

X

Im[G1 (H1 — %HE))]
Im[G1H1]

* Results on an unpolarized and
longitudinally polarized deuterium
targets are consistent over all
kinematic region.

e Comparison at low -t does not
reveal signatures of tensor effects.

Small contribution from CFF Hs
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