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PaYSIcs MOTIVATION 11

(ZENERALIZED PARTON DISTRIBUTIONS:

UNIFIED THEORETICAL DESCRIPTION OF
INCLUSIVE AND (HARD) EXCLUSIVE PROCESSES

HY, HY: REDUCE TO ORDINARY PDFS FOR ¢t — 0
E?, E?. DO NOT EXIST IN DIS

t: MOMENTUM TRANSFER AT NUCLEON VERTEX

ACCESS TO GENERALIZED PARTON DISTRIBUTIONS

EXCLUSIVE PROCESSES BEAR
QUALITATIVELY NEW INFORMATION
ON STRUCTURE OF THE NUCLEON

e DEPENDENCE OF GPDS ON MOMENTUM TRANSFER
t ALLOWS CONCLUSIONS ON PARTON DISTRIBUTION(S)
TRANSVERSE TO NUCLEON’S DIRECTION OF MOTION

= 3-DIMENSIONAL PICTURE OF THE NUCLEON

e 2ND MOMENT OF ‘UNPOLARIZED’ GPDs HY? AND EY
ALLOWS, IN LIMIT OF VANISHING t, DETERMINATION OF
TOTAL ANGULAR MOMENTUM, CARRIED BY QUARKS ¢
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GPDs AnNnD DVCS

SIMPLEST HARD EXCLUSIVE PROCESS: ep — epry
(Y P — D)

CONSIDER ~*p IN BJORKEN LIMIT —

DEEPLY VIRTUAL COMPTON SCATTERING

e Highly virtual quark in v* scattering
—— propagates perturbatively

e Simplest (and dominating) QCD mechanism to form
Compton final state: quark radiates real « and falls
back to nucleon ground state
(‘hand-bag’ subprocess in pQCD)

DVCS BETHE-HEITLER

do ~ |t + Toves|® = |Ter|? + |Toves|* + T
I = T;:g;-;T!)\'(_"S -+ TBHT;)VCS

e DVCS DOMINATED BY BH IN MOST OF KIN. REGION
e INTERFERENCE TERM: ACCESS TO DVCS AMPLITUDES

= USE BH AS AN ‘AMPLIFIER’ TO STUDY DVCS



GPDs anp DVCS (1II)

e (GENERALIZED PARTON DISTRIBUTIONS:
GENERALIZATION OF USUAL PARTON DISTRIBUTIONS
AND NUCLEON FORM FACTORS

e USUAL PARTON DISTRIBUTIONS (PDS): PROBABILITY
TO FIND A PARTON IN THE NUCLEON WITH
MOMENTUM FRACTION

e GPDS: INTERFERENCE OF 2 WAVE FUNCTIONS:
PARTON WITH x + £ EMITTED FROM NUCLEON,
PARTON WITH & — £ FALLS BACK
(GPDs SENSITIVE TO MOMENTUM CORRELATIONS)

VARIABLES:

e PARTON LONG. MOMENTUM FRACTIONS & AND &
¢ v* — 7 MOM. TRANSFER A* = (p,+ — p,) (OR t)

IN DVCS: 4 (CHIRALLY-EVEN) QUARK GPDs (per F@wr)
H(x, &, A?), Hz, €, A?) Nucleon-hel. conserving

Ei(xz, &, A?), E"(;c, ¢, A*) Nucleon-hel. non-cons.
J 4

"UNPOLARIZED’ ‘POLARIZED’ GPDs
IN THE LIMIT A% = 0 (i.e. £ =0):
H%(z,0,0) = q(z), H%z,0,0) = Aq(x)

g(z) AND Ag(z): quark distr. and quark helicity distr.
(no ‘usual’ PD equivalents for EY and E)
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GPDs AND DVCS (III)

1sT MOMENTS connected via sum rules to form factors.
2ND MOMENT of UNPOLARIZED GPDs in limit A% = 0:

— TOTAL QUARK ANGULAR MOMENTUM [X.Ji]:

e 2 2
oJs = 5/ dx x [Hq(x,E,A =0)+ Ez, &, A :0)]
=1

REAL AND IMAGINARY PARTS OF DVCS AMPLITUDES
Hi, Hi, E1, E1 CAN BE EXPRESSED THROUGH GPDs

—

H, H, E, E. (P peNoTEs CAUCHY’S PRINCIPAL VALUE):

ImHl — —WZES(H(g;E:Az)_H(_GagsAz))
q
gy 19 2,5 N 2
ImHl — “erq(H(gsglA )+H(ﬂ£1£’A ))
q
ReH; = Zez'Pf+1H(mgA2)( . )d:c'
=L oy TR e T e g
ReH; = 262-P/+1ﬁ($§A2)( . )da:'
. 9L J=a e £ —§ B+E .

ANALOGOUS EXPRESSIONS FOR AMPLITUDES &1, &;.

—> EXTRACTION OF GPDS WILL BE A COMPLEX TASK



EXP. STATUS ON PARTON DISTR.’S

[ measured with laige uncertainties
1 to be meoswed in next years
[ future measurements

(cf. W.-D. N., hep-ex/0210409)

GENERALIZED PARTON DISTRIBUTIONS:

H"’J—.?Q, E? Eq CHIRALLY-EVEN QUARK GPDs
¢ 9 9 4
H;,H;, Eq, E;.  CHIRALLY-ODD QUARK GPDs

FORWARD PARTON DISTRIBUTIONS:

q(z, Q%) QUARK NUMBER DENSITY DISTRIBUTION (f{)
Aq(z, Q%) QUARK HELICITY DISTRIBUTION (g7
8q(z,Q°)  QUARK TRANSVERSITY DISTRIBUTION (hY)



¢-DEPENDENCE OF ASYMMETRIES

DVCS KINEMATICAL CONFIGURATION:

Y -y-p plane

I-V plane

/,

¢~ azimuthal angle between scattering and reaction plane.

Qf)ql ASYMMETRIES SHOW DIFFERENT CHARACTERISTICS

A) MEASURE LEPTON CHARGE ASYMMETRY:

unpolarized beam, unpolarized target
A, ~ do(e'p) — do(e"p) ~ cos(o,) x ReZ

= access to real part of (certain combination of) GPD
amplitudes

B) Measure lepton helicity asymmetry:

long. polarized beam, unpolarized target
S e \
Ay ~ do(etp) — do(eTp) ~ sin(¢,) x ImZ

= access to imaginary part of (certain combination of)
GPD amplitudes
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A NEW RECOIL DETECTOR FOR
HARD EXCLUSIVE REACTIONS
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26805 +

DNCS PROJECTIONS FOR RUNNING WITH
HERMES REcCoOIL DETECTOR

> GPDS MODELED ACCORDING TO
[M.VANDERHAEGHEN, P.GUICHON, M.GuIpAL, PRD 60 (99) 094017]
MOST SIMPLE ANSATZ IS TO NEGLECT & DEPENDENCE.

THEN E.G.
H'"(z,¢,A% = u(z) F'?(A%)/2
hrr!/;f(_;;;:, £, AQ) - d(r) F{UP(AQ)

[_I,-;/[’(';n.l (S., Al)

0

SIMILAR EXPRESSIONS FOR HY/P — HI/P,
> u(xz) AND d(z):
USUAL UNPOLARIZED QUARK DISTRIBUTIONS

> PROTON AND NEUTRON EL.MAGN. FORM FACTORS
USED TO CONSTRUCT FLAVOR-DEPENDENT DIRAC
AND PAULI FORM FACTORS

> ASSUMED INTEGRATED LUMINOSITY: 2 fb~"
(ALREADY EXPECTED FOR RUNNING 1 YEAR WITH
UNPOLARIZED TARGET; PLANNED ARE 2 YEARS)

> HERMES ACCEPTANCE TAKEN IN ACCOUNT
FOR ALL INVOLVED PARTICLES

> KINEMATICAL CUTS
E,>35GeV E,>1GeV P,>0.2GeV

W?>4GeV? Q¥>1GeV? 15< ©..,+ < 70 mrad
=



HERMES DVCS RESULTS AND
2006 ASYMMETRY PROJECTIONS

A) Lepton charge asym. (unpol. beam, unpol. target):

B) Lepton helicity asym. (pol.

Refined prel. result 2002

e_03
-53 e'poe‘yX
0.2 |
HERMES PRELIMINARY 2000
0.1 (refined analysis)
g - [
0F +—2 +
041 F ¢
o + }
-0.3 _‘*
04 F
- A’ | < 1.7 cov = 018 £ 0.03 (stat) + 0.03 (sys)
F <t >=0.18 GeV?, <xg> = 0.12, <% = 2.5 GeV*
'O-B e | [ EPERPIT| PSPPSRI STRPETTI CTUPUTUTT SPUTUN PN LTI T O Lo

-1 0 1 2 3 4 5 6
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Projection™ (zp > 0.2)
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*) Projections: V. Korotkov, W.-D. N., EPJC 23 (2002), 455
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ImH MEASUREMENT IN 2006 7 *

[ ot e slie1ty aaw SitpEn, sindg =~ T DVCS .
Lepton helicity asymmetry: "41,(-’ ~ Crm.;;/cm,,, with

DVCS _ 1 g P T W Wy )
Cunp = —__(2_3’B)2{4(1 zg) ('HH -I-'H'H) xB('HS +EH +HE +EH

2 2 t * 2 v sax
- 9 L ol 8
(mBH zB) 4M2) "Byim2 }

z ~ t
unp = Fyft + 3 Ba:B(Fl H R = o The

Ze2 (HUELY - HYLEY) )

§ 12— :
€ M e— 5 At —t < 0.15 GeV*:
E Y & 1
S o8 ~ 9 Relative contribution of GPD H
(z o4 g dominates _
-‘% 02 o = Asymmetry A7’ mainly
g R e depending on ImH
-0.2 e
10 X
4 Extraction of ImH possible:
i) < Two different bands for
of different GPD param.’s
el <= Solid line: 1o stat. errors
at <= Dashed line: syst. extraction
°l uncertainty added

10

*) Projections: V. Korotkov, W.-D. N., NPA 711, 175c¢, (2002)
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Results with Factorized Ansatz

U-D in Rest Frame
L-R in HERMES

L-R in Rest Frame
U-D in HERMES

Factorized, b =1, b=, J ;=0.0

(7] U R 2 L [ L |_¥_
2 E off 1 2 i
< 02 == E on, J,=0.4 = s 02 -
< - ... Eon,J=0.2 1 &
P oavaw Eon, J ;=0 &
(8 = = 0 - =
02 - = -0.2 1
T [ VI R A I | | | | |
0 2 4 6; s 0
Q*(GeV?)
4] , | o i | 4]
8 _ — Eoff gw
c 02 Eon, J,=0.4 it g 02 I
<f ,,,,,,,, Eon,J =02 <
s, EON,J =0
0 = o
-0.2 = -0.2 =
1Lll Il- |||I||I|IIII|I I
0 03 0 01 02 03
Xg Xg
§ ) [ T I T L3 I T (I 8 [ | T ] T [
8, —— Eoff 8. s EON i
= 02 [~ 7 Eon,J=0.4 o 5 0.2 . Eon,J=0.4
- A | E on, J,=0.2 <
..... Eon,J,=0
0 0 =
-0.2 -0.2 I | | =

0 02 04 06
—t(GeV?)

HERMES: 4M DIS = 0.1 fb—1
= e b by ficke 30 for 190 £
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ELSEVIER Nuclear Physics A721 (2003) 368¢-371c _—
www.elsevier.com/locate/npe

Deeply Virtual Compton Scattering using COMPASS at CERN
E. Burtin, N. d’'Hose, P.A.M. Guichon, J. Marroncle *
*CEA-Saclay, DSM/DAPNIA/SPHN, F-91191 Gif-sur-Yvette Cedex, France.

In this paper, we present the recent studies our group has conducted in order to show
the feasibility of a Deeply Virtual Compton Scattering experiment using COMPASS and
its high energy muon beam at CERN. The measurement of the cross section and the beam
charge asymmetry in the kinematical domain :[0.03 < z; < 0.25and 1.5 < Q* < 7.5 GeV* \
will provide a check of the factorization and will put strong constraints on the models. -
Experimental studies show that detection of the DVCS exclusive reaction is feasible with
some upgrade of the COMPASS apparatus.

(BCA_E,=100GeV 8=1deg
0.4 - \'=0<05 :I: 0.02 0.4 - . \=0.| 2 0-03

03;:\ Q=2 £ 05| g2k Q=2 05

0f- of s

P I N s TR

-0-4:----|x;--lu-‘.lu. -0'4:....I.....|1.‘.I-;_
0 50 100 150 0 50 100 150

0.4

0.25} = : :
0\ it MN Q=4 £ 0.5

0.25F model 1 0Ff o T
_0.55 model 2 -O.ZW
< IR P E

| BN _0.4‘A|..j_..‘.l.,_..|-4_
0 50 100 150

i |

0.25 - Q°=6 + 0.5

0 50 10(; . 150
6 (deg) ¢ (deg)

Figi.}re 1. Experimental precision achievable for a 6 month running with 25 % global
efficiency. The Beam Charge Asymmetry is plotted as a function of the angle between
the leptonic and proton/photon plane. On each plot 2 models of GPD are represented.
The first model just fulfills the sum rules while the second model[3] (corresponding to the
expected data points) uses Regge theory to relate z and ¢ dependences. This shows that

an experiment using COMPASS has good sensitivity to discriminate between models.
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DVCS Introduction

QCD

H1, ZEUS H1, ZEUS
HERMES, CLAS

210 [0 "™ | NLO leading twist calc. by
> e " A. Freund and M. McDermott
L Eur.Phys.J. C23 (2002) 651
1 .2?0‘”)":?21@‘?"' | Input: GPD
i T R T ——
Q? [GeV?]

GPD modeling Freund [hep-ph/0306012]

PDF (352, Q%)
GPD(z,£,Q%t) ~ @) o

1—¢/2

PDF: MRST2001 and CTEQ6
b= by(1 — 0.151log(Q?/2)) GeV 2
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All H1 and ZEUS Results

A

-E' 10 L% e H1 DVCS prel.
i H1 DVCS
RS W + ZEUS DVCS
% o ____ Freund et al.
T 1} f‘* NLO QCD MRSTO1—b(Q?)
o - ' D ie—Dosch
*3 : + ‘h\‘““—. onnachie—Dosc
© al g Trrr——
W e . e TS R
F <W> = 82 GeV
20
10 PR N Y O L e Y VA i 0 1 ) Y Vo N A O e N9 o 0 [ [ 1A [
0 10 20 30 40 50 60 70 80 90
Q? [GeV?]
— =
2 e H1 DVCS prel. <Q*> = 8 GeV
: 10 £ H1 DVCS
e s+ ZEUS DVCS T
8 - ____ Freundetal 1
T NLO QCD MRSTO1-b(Q?) t ¢
R-s [ eeee Donnachie=Dosch A
3 2 o 1 1 - IJ‘E-‘-"}
o A 2 ALY
4 i g
2 | f """"""" i *
0 - | . ) fo- Lill_§ ] Al . .8 3
0 20 40 60 80 100 120 140
bh="TGCeV W [GeV]

—> Good agreement between H1 results
— Fair agreement between H1-prel and ZEUS results
except for W ~ 70 GeV: H1 lower by 20
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log, (L)

a7 |

34 |

33 [

31 |

30 |

39

38 |

36 |

35 |

32 |

e ELFE
(unpol)

£ ESE

(%‘——o. TESLA-N (10 Hz)
7

/{A/C//”"TESLA-N

(incl)
e HERMES
(unpo
® COMPASS

eSMC
® HERMES
(pol)

«=1C
e eRHIC

e HERA ep
(pol)
e HERA eA

" '¢.m. Energy [GeV]

THE EFFECTIVE POLARIZED LUMINOSITY FOR A SOLID-
STATE FIXED-TARGET EXPERIMENT IS A FACTOR OF
ABOUT 25 LOWER THAN FOR POLARIZED ep-COLLIDERS.



L eudojog '100ZSIQ ‘YPsoPiAy H1a

&
b V3 )
" bayin (P7 PI) 7p=s magiehs ) R
2007 )PP S afu 1. %ﬂv N YIIHS P 57 Lea .x.% xu_,onr:m ?)9om 0 Y] <=

Sopperen7) S3WI3H S omann]  GSYJHe) & SINTIH
4 SUOI3DBaL JAISN|IXD uoisidaud Y3y o\ uoljezuejod uon|c) o)
SuOIINGLIISI(] U0 PaMa)S e uo1nquIsip AlIsiansuel| e
SUOIDB3L DAISN|IXD S2IPN3S UOIIN|OAD
o4 uonnjosas ysiy ojdxe Ajn4 e || ,@H 40} ulewop Odijewsuiy a3ie| IS e
weaq Joleslinp ysiy ER)
J0BJIIXS <= Full JBYD1241S Se \YYJH 95N @ || 0GZ - 0 uoamiaq pauien ASisus weag e
9-Y¥Y3JH payipow jJuswdxa 1984e31 paxiy paziiejod
ur A9 (0§ © Weaq uoJiose 329(u] e || 40y Y1531 Jo wue (uospisod) suo asn e
- EEE U N-VIS3dL )
sjesodoad ¢  saupnaddy /¥ai-vasal

7087



“'8( L'-tm‘ko.p."%
TESLA-N /ELFE ~ dppe exp.
i Guin, - ol

= 0.06 |
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ep' >epy
P, =0.80
L =100 fb™
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SUMMARY

> (GENERALIZED PARTON DISTRIBUTIONS BEAR A
FASCINATING POTENTIAL TO FULLY DESCRIBE THE
MOMENTUM AND ANGULAR MOMENTUM STRUCTURE
OF THE NUCLEON

> HERA:

THE NEW HERMES RECOIL DETECTOR, COMBINED
WITH AN UNPOLARIZED PROTON TARGET, WILL LEAD
TO SIGNIFICANT IMPROVEMENTS IN RESOLUTION
AND STATISTICS FOR MEASUREMENTS OF AZIMUTHAL
ASYMMETRIES IN HARD EXCLUSIVE REACTIONS
(DVCS, PSEUDOSCALAR AND VECTOR MESON
PRODUCTION).

H1, ZEUS AND ALSO HERMES WILL CONTRIBUTE BY
IMPORTANT CROSS SECTION MEASUREMENTS.

> KINEMATICALLY COMPLEMENTARY HIGH STATISTICS
MEASUREMENTS WILL BE CARRIED OUT AT JLAB.

> THE WORLD-WIDE EFFORT TO MEASURE EXCLUSIVE
REACTIONS WILL HAVE TO BE FOLLOWED BY A
GLOBAL ANALYSIS TO SORT OUT THE BEST MODELS
FOR GENERALIZED PARTON DISTRIBUTIONS.





