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MOTIVATION

NUCLEON SPIN COMPOSITION:

30%
NUCLEON’s SPIN = 1/2({Au+ Ad + As)+L,+J,
Ja

JI’S RELATION: TOTAL ANGULAR MOMENTUM

11
J9 = w:ﬁ 5 drxz [Hw, & t)+ E9(x,&,t)]
l L wab

WE sTUuDY DVCS TO CONSTRAIN GPDs
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DEEPLY VIRTUAL COMPTON SCATTERING (DVCS)

(GPDs ACCESSIBLE IN HARD EXCLUSIVE REACTIONS:

DVCS: HARD PHOTOPRODUCTION OF A REAL PHOTON:
(v* N — N’~) HIGHLY VIRTUAL PHOTON GENERATED BY

LEPTON SCATTERING = e N — €' N'~
NUCLEON STRUCTURE:

GPDs: H,H,E,E

GPDs — PDFs
H(z,0,0) = q(z)

~

H(x,0,0) = Aq(x)

GPDs — FFs
1
\IH&HmAbﬁmng — NUJHTWV“
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DVCS-BH INTERFERENCE

DVCS aAND BETHE-HEITLER (BH) PROCESSES HAVE THE SAME INITIAL AND

FINAL STATES = TWO SUBPROCESSES INTERFERE

k= (w, k), A K= (w, k), N

PHOTON LEPTOPRODUCTION CROSS SECTION:

Y

e

e

do/dp dQ dQ (pb/GeV sr’)

R BN
e b b i™S

-10 0 10 20
@% , deg

2 2
TovesT << |TgH

2 2 2
do < |Thyes + Teul” = [Toves!” + ITsul” + (TOvesTeu + TBHTDVCES)

1

DVCS AMPLITUDES: ACCESSIBLE THROUGH AZIMUTHAL ASYMMETRIES VIA |
(GPDs ENTER IN LINEAR COMBINATIONS IN AMPLITUDES)
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HERMES EVENT SELECTION

\‘ FIELD CLAMPS [/ TRIGGER HODOSCOPE H1
m

FRONT | prIFT O_._>_<_mmmm

2 MUON
HODO
_ummm_._oémm (H2)
RECOIL DRIFT \

14 PROTON CHAMBERS === Hadrons
\/ i \\.\M\.\“‘\'
FC1/2 PROP. <
o, LUMINOSITY 27.5 GeV
R e N 1 MONTOR  aaammmamae “on
] | /_F/ 2
TARGET | AMBDA
-14 CELL WHEELS BC 12
HODOSCOPE Ho BC 3/4 TRD CALORIMETER
STEEL PLATE
o RICH IRON WALL \
L WIDE ANGLE
~— MAGNET MUON HODOSCOPE MUON HODOSCOPES
0 k 2 3 4 5 6 7 8 9 10 m
GAS TARGET: BEAM:
e LONG. POLARIZED /., D eLONG. POLARIZED e AND e~
eUNPOLARIZED H, D, Ne, Kr, Xe eENERGY 27.6 GEV
e 'RANSVERSELY POLARIZED H eBOTH HELICITIES

(IPr|) ~ 85% (|Pg|) ~ 55%

NO RECOIL DETECTION = EXCLUSIVITY VIA MISSING MASS: M2=(¢+ P — ¢')°
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AZIMUTHAL ASYMMETRIES AT HERMES

eBEAM—CHARGE ASYMMETRY (BCA)

eBEAM—SPIN ASYMMETRY (BSA)

e LONGITUDINAL TARGET—SPIN ASYMMETRY
(LTSA)

® [ RANSVERSE TARGET—-SPIN ASYMMETRY
(TTSA)

BCA : do(etp) —do(e p) ~ ¢l cos(¢) ~ cos(¢) x Re'H
BSA: do(etp) —do(eTp) ~ sisin(¢) ~ sin(¢) x ImH
LTSA : do(etp) —do(e™p) ~ m%bw sin(¢) ~ sin(¢) x Im H

TTSA : do(etp!) —do(eTph)=accEss To GPD E
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BEAM—-SPIN ASYMMETRY ON PROTON AND DEUTERON

N(¢)—N ()

x_bd@v — m ~ iy
(P]) N (¢)+ N (o)
5 0.8 508 -
i e*poe*yX (M<1.7GeV) < e*d—e*yX (M<1.7GeV)
06 [ HERMES PREL. 2000 (refined) 06 HERMES PRELIMINARY
04 [ — P1 +P2sin ¢ + P3 sin 2¢ 04 | — P1+P2sin ¢ + P3 sin 2¢
0.2 02 [
0 0
02 | 0.2
04 | 04
, P1 = -0.04 + 0.02 (stat) i P1=-0.04 + 0.02 (stat)
-0.6 P2 = -0.18 + 0.03 (stat) 0.6 | P2 =-0.15 £ 0.03 (stat)
H P3 = 0.00 + 0.03 (stat) i P3 = 0.03 + 0.03 (stat)
-0.8 | 0.8 |
F <-t>=0.18 GeV?, <xg> = 0.12, <@°> = 2.5 GeV’ [ <t>=0.20 GeV?, <xg> = 0.10, <Q*> = 2.5 GeV?
-1 A B SR B B SR S -1 I R RS R R R B

3 2 1 0 1 2 3 3 2 1 0 1 2 3
¢ (rad) o (rad)

AL enteron = -0.15 £ 0.03
ALS % o = -0.18 £ 0.03

A; 7 IN EXCLUSIVE BIN: EXPECTED
sin(¢) DEPENDENCE —>ImH

BSA resurLts: HERMES-PRL 87, 182001 (2001)
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BEAM—CHARGE ASYMMETRY ON PROTON AND DEUTERON

© 0.6

0.4

0.2

_ Nt($)-N"(9)
A0l9) = T r8=0)

| HERMES PRELIMINARY (<-t> = 0.12 GeV?)
e'p—-e’yX (M<1.7 GeV)
— c0+clcos¢+s1sing

t 4

¥’/ ndf : 11.47/8

c0 = 0.009 + 0.020 (stat)
c1 =0.059 + 0.028 (stat)
s1 =0.094 + 0.028 (stat)

PRI R RS |

T U ! L 1

-3 -2 -1 0 1 2 3

¢ (rad)

A IN EXCLUSIVE BIN: EXPECTED
cos(¢) DEPENDENCE =—>ReH

sin(¢)—NON ZERO (Py)(e™)

O

<04 r HERMES PRELIMINARY

e"d—e”y X (all d)
A=c0 + c1 cosd+ s1sing (M,<1.7 GeV)
02 XN\SQ.—H 2.26

%

c0= 0.003 +/- 0.013 (stat.)
0.2 - c1= 0.061 +/- 0.018 (stat.)
s1= 0.010 +/- 0.018 (stat.)

| | |

-2 0 2
¢ (rad)
ASS ieron = 0.061 £ 0.018
cos ¢ ~ pcos(9)
\»OvaQAmﬁoi ~ \wOLUﬁQwOS

1442

Hrachya Marukyan, Jiilich - Bonn, Germany, May 2005



COMPARISON TO MODEL CALCULATIONS

HERMES PRELIMINARY ]
e'pd—-e”yX (M<17GeV) -
(in HERMES acceptance) |

* proton i
= deuteron ]

Regge, D-term |
Regge, no D-term|
fac., D-term

fac., no D-term

0 0.1 020304 0506 07 08 25
-t (GeV?)

GPD MODEL: M. VANDERHAEGHEN et al.

e ¢d COHERENT (FIRST ¢-BIN

ed— ey X
CONTRIBUTED PROCESSES:
ed — ed~y , COHERENT PROCESS
ed — epn-~y , INCOHERENT PROCESS
e N — e N"~v , RESONANT STATES

—t < 0.7 GeV? = COHERENT =~ 20%
= M, CALCULATED VIA PROTON MASS
SMALLER —t = COHERENT ENHANCED
CORRECTION ON BACKGROUND =

DECAY PHOTONS FROM
SEMI-INCLUSIVE 7° (&

6%)

~ 40%) = NO DIFFERENCE ep AND ed

e DIFFERENCE IN LAST BIN = NEUTRON RESONANCES, NEUTRON

SMALL e~ p SAMPLE (L =

10 pB™1)

= {—DEPENDENCE OF BCA — POSSIBLE TOOL TO CONSTRAIN GPDs
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NEW! LONGITUDINAL TARGET-SPIN ASYMMETRY

0.4

0.2

-0.4

N<($)+N=(8) =N~ (¢)—N= ()

AuL(9) = 77

~ Prl) N2 (4)+ NS () + N2 ()1 N = (6)

L B A L B A B
HERMES PRELIMINARY
e'p - e’y X (M <1.7 GeV)

(in HERMES acceptance)

+ A =s,+s,sin ¢ +s, sin 20

M

-0.2

ANt

X/ ndf: 8.5/7
So: =0.009 * 0.024 (stat.)
s;s -0.071 £ 0.034 (stat.)
s,: -0.113 +0.034 (stat.)

<£>=0.12 GeV?, <x,;>=0.10, <Q*>=2.5 Ge V"
o b e e e |

-3 -2 -1 0 1 2 3

0 [rad]

206 T
> - HERMES PRELIMINARY 99,00 |
< ¢'d - ey X (M<L7 GeV) ‘
0.4 | (in HERMES acceptance) N
A =s,+s,sin ¢ +s, sin 2¢
0.2

0 _ /__.\.
-0.2 |- ¥/ ndf: 6.2/7 T
So: 0.030 £0.017 (stat.) 1
s;: -0.036  0.024 (stat.)
r s,: -0.039 £+ 0.023 (stat.)
-04 .

EEANENY Y

<-t>=0.13 GeV?, <x,;>=0.10, <Q*>=2.5 GeV’
o b e e e |

-3 -2 -1 0 1 2 3

¢ [rad]

Ay IN EXCLUSIVE BIN: EXPECTED sin(¢) DEPENDENCE =—=ImH

sin ¢
xﬁdﬁ“ﬁﬁoﬁoﬁ@

sin 2¢
\PCFLU%O&OS

= -0.071 = 0.034
= -0.113 £ 0.034

sin 2¢p =—> TWIST-3 7

A
A

sin ¢

UL,Deuteron = -0.036 &= 0.024

sin 2¢
UL,Deuteron

-0.039 = 0.023
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NEW! LONGITUDINAL TARGET-SPIN ASYMMETRY VS t

o 047 , , , T , T o 0.4 T , , T , T
= HERMES PRELIMINARY W = HERMES PRELIMINARY
< e'p/d - €'y X (M <L7 GeV) < e'pld — ey X (M. <17 GeV)
02 | (in HERMES acceptance) 1 02 | (in HERMES acceptance)
) ® proton ) ® proton
® deuteron | ® deuteron *
0 ]
proton (WW tw-3, bv=1): proton (bv=1, bs=1):
=== fac., bs=1 ] == Regge, WWtw-3
— fac., bs=0 {1 | o Regge, no tw-3
....... Regge, bs=co . -0.2 |- === fac, WWtw-3
---  Regge, bs=1 — fac., notw-3
- , , , | } :
0.6 0 0.2 0.4 0.6 0.8 » 0.6 0 0.2 0.4
-t [GeV]

06 08
-t [GeV?]

e cd COHERENT (/40 % 1ST BIN) = NO DIFFERENCE ep AND ed

e PD MODEL: TWIST-3 IS A SIMPLE W.W. TWIST-3

o bwwmﬂ — (q¢Gq) TWIST-3 IS MISSING 7
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SUMMARY AND OUTLOOK

AZIMUTHAL ASYMMETRIES = DVCS-AMPLITUDES = GPDs
= STRUCTURE OF NUCLEONS (L)

EXISTING DATA ON H, D:

e BEAM—SPIN ASYMMETRY = ImH
e BEAM—CHARGE ASYMMETRY = ReH
e LONGITUDINAL TARGET-SPIN ASYMMETRY = HBE

PRESENT DATA TAKING:
e TRANVERSE POLARIZED H TARGET = TTSA = F = J,

HZU OF MOQ@ Iron Shielding
NEwW DETECTOR s

SC Coils

SciFi
Connector Plate

Photon
Detector

e ALLOWS TO DETECT THE
RECOILING PROTON
e BACHGROUND’FREE’DVCS:

C3 Collimator

SciFi
Si Detector Detector
Cooling
Silicon

Si Detector Detector

SEMI-INCLUSIVE BGD: Connectors Target Call
5% = < 1%
ASSOCIATED BGD:
10% = 1%

oI MPROVES t-RESOLUTION
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