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Probing Hadron Structure from Hard Exclusive Processes
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COMPASS: a: Facllityy ta study: QCD

A Collaboration of 240 Physicists of 12 countries

COMMON
MUON and
PROTON
APPARATUS for
STRUCTURE and

SPECTROSCOPY

Mediium andilLiongy Term Plans:
Lol submitted to CERN/SPSC in January 2009
Proposal in preparation

201@--11: Transv. and Long. Nucleon Spin Structure
with polarised I and NH, (proton) target

22012 : Hadron Spectroscopy and Primakoff with U, K beam

Transw. Spadiall Distrittb. GPDs with DVCS and DVMP with | beams
Transw. Mem. Distriib. with Drell -Yanwith U and in far future p, K






SPS proton beam:
ASecondary hadron beams

hlgh energy beam(s) broad klnematlc range, large angular acceptance



GPDsprogram @ COMPASS

Generalised Partom Distribitionon functionss (H,HHEE)):

AAllow for a unified description of form factors and

parton distributions
AAllow for transverse- imaging (nucleon tomography;)

and give access to the quark angular momentum (through E)

singlet pion valence
quarks, gluons cloud quarks
: (

longitud.
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Impact parameter ba ¥y<00l x~0.1 x~023
Longitudinal momentum fraction X Tomographic parton images of the  nucleon



What makes COMPASS a unique case?

1-- CERN SPShigh energy muonbeam 100/190 GeV

s A A 2- which limit towards large x ?
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3- which limit towards high Q2 ?




What makes COMPASS a unique case?

1-- CERN SPShigh energy muonbeam 100/190 GeV

Q* (GeV?)
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Kinematic: domain

B

»

;0'2 < x<10Q0-1

ZEUS
H1

i
~F
@ S0 O
Or r”
b i
~F

0
A i .
¥
[}
L K i
[ . . .
4 ] q
v ) /
x ]
’ " [
] "

4
:
‘
.
:
.
. ;
i JF "
S i Q
E ¢
l' ’ r'
;
h :
. ’ *
¥ ’ r
r " L
; ;
i r‘ r
;o .

: :

. " ']

. : U

.
!
;

ECAL2+1/

1 a bl

.% ;
FO
Yo

N
g
&

3
=

10

1
10

2- which limit towards large x ?

in DVCS np- npg
Ifx & then q §




What makes COMPASS a unique case?

1-- CERN SPShigh energy muonbeam 100/190 GeV
Kinematic: domain
1072 < x<100°1

B
»

ZEUS 2- which limit towards large x ?
H1 e s A g _
S /o S In DVCS np- npg

Ifx & then q §

Q% (GeV?)
SN =1 G0\

k
LAY,
;
;

7 with S
/7 ECAL2+Y/

b N
ro o
;O

fo i

" ,';‘ % :”J : :
H /S / +ECALO
e

N
&
&
G
=

" ’ ’ * ’ r
i’ " ) ’ ’ ’
1 RN S R | £ N U R |

-2 -1
10 10 1

Gluon, sea and valence quarks B



What makes COMPASS a unique case?

1-- CERN SPShigh energy muonbeam 100/190 GeV
Kinematic: domain
1072 < x<100°1
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% 9 ZEUS  Lipiit jdue to {lumidosity 3- which limit towards high Q2 ?
2 3 S ey S g
> 7 J© S & 8 .
6 F 79 157 s with a 2.5m long LH2 target
5 ; A Lumi= 10%2 cm2 st
. Sowith 2o 5 (present technology limit for a collider *)
e = A Q2 upto 8 GeV?
5— +EC ALO A Any lumi upgrade extents the reach
) AN A A 3 of the proposed measurements
IO 3 If Lumi3® 4 A more comfortable
f statistics for Q 2 up to 12 GeV?
1 LSRN e o o PR » B B
o 0! 1 " ENC@FAIR E,=15GeV E=3GeV

Gluon, sea and valence quarks B equivalent to £ m@ CERN=100GeV



What makes COMPASS a unique case?

1-- CERN SPShigh energy muonbeam 100/190 GeV
Kinematic: domain
1072 < x<100°1
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2 channels studied
- exclusivee meson productiom( (p,»,K,,Jiy,7,8)
- exclusive single---photam production

epA e gp

DVCS known BH
m m
g
~ Cerng

D w.smallt ¥ s[ow p p .. smalt_s Slowp

ds a |TIPVES| 2 + |TBH| 2 + Interference = Term

at COMPASS with 160 GeV we can deal with
V either BH (excellent relative vyield)
V either DVCS
V or the Interference
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do/dQ’ dx, dt dp(nb/GeV'rad)

Comparison BH andi DMCS atr 160 GeV

2=2 GeV? |t|=0.1GeVZ%2 o JL I 70
f A

x=0.01 x=0.04 x=0.1

(E.=160GeV Q'=2 %,=0.01 t=0.1|12 £ 160 GeV Q=2 %=0.04 t=0.1 10 E.=160 GeV Q=2 xg=0.1 £=0.
- (BHHVCS)” 75 i (BH+VCS) il E/?E;rvcs)z

VCS? 08 [ oo 02 bope

BH’ o | BH ;.15 M

|02 /\ os |
0 0 F ——

T T :—..|....|....|....|....|....|....|..
BH dominates BH and DVCS at the same level DVCS dominates
excellent DVCS boosted by interference study of dsPVCS/ dt

reference yield A ReTDPVCS or Im T DVCS (not possible_at JLab)




Deeply Virtual Comptonn Scattering

Phase 1. DVCS experiment to constrain GPDH

with ITI®, M " beam +unpolarized 2.5m long LH2 (proton) target

D, od ds(® - ds(m) " [c™ +c™ cosf

and Cy; ~ RéF H)

DVCS

Qe ds(mr®) +ds(m) ~ (ds B +c

Int

S

sinf |and ™ ~Im(~ H)

Using SJ,CSand integration over f 9 dsPVCIdt A transverse imaging

and BH subtraction

At COMPASS on a proton target : A H+X(E+F, H+ tLAyﬂéf/é)

ReH =P fix Hx, xix -x)
Im H = Hx=x,xt)

H=4&e2H"



Transverse imaging at COMPASS
Using S,’Csand integration over f dspyeslift ~ e)qp(-BIIh‘II)

and BH subtraction

~1 2
B(X) 2 <D >at a given X

8

-
S 'F + 2 yearsof data
2 GE ) 4 ___________ 160GeVmuonbeam
F + # o =0.125 2.5m LHtarget
Tl ® o * Sgiobar= 106,
s LumiE1222pbt
2 3 » COMPASS  <Q'> =2GeV
= 280 days at 160GeV
B emm < -ne With ECALZ
1E » HI.HERAT  <Q'> =4GeV '
- +HIHERAT  <Q'> =8GeV’ + ECALL
oL Lol Lol Lol |
10~ 10~ 107 10 -lx
B
We measure (Ngy + N pyes)
Y Statistical errors ~ O(NgytNpyes) /N pves
Y Systematic errors forthe BH subtraction ~ 3% N g, /N pyes

(relative normalisation factor within 3% accuracy)



B (GeV?)

B (GeV?)

dspycsltit ~ exp(-B|t])

Transverse imaging at COMPASS

b +* ..................................
E # of = 0.125
i .
i F « COMPASS <Q'> =2GeV With ECAL%
. + ECAL1
T i *
6 +
i o'=0.125
SE *5_' '.'———-._.____
- N \l/ -@®
tF xy= 0.024 | l l
3 E o COMPASS  <Q’> =2GeV’ 0.045
- 280 days at 160GeV 0.09 0.17
7F « ZEUS <Q’> =32GeV With ECALZ2
1F vHI-HERAT  <Q’> =4GeV’ + ECALI1
C « HI-HERA TI > =8GeV’
0_ pa | |<Q|:>| I Ilelll L1 II-II_JECAILO
107 107 107 10"

~1 2
B(X) /2 <l >at a given X

2 yearsof data
160GeVmuonbeam
2.5m LHtarget
Egtobar= 10%0,
LumiE1222pbt

without
any model
we can extract B(x)



2 Parametrizations of GPDs

Factorization .  H(x, &,t) ~ q(x) F(t)
or
Regge- motivated t- dependence: more realistic with x-t correlation

it considers that fast partonsinthe small valence core
and slow partons at larger distance ( wider meson cloud)
H(x,0t )~q(x) e [<BPa®

B=%<bZr>~2 Winx/x + B , + C(L -X)?
transverse extension of partons transverse siz;

in hadronic collisions has to be finite
due to confinement

(Eﬁlope of Regge traject .)

for valence quark Us~1 Gev2 to reproduce FF @ meson Regge traj .
~~ L 2 2: ~—
forgluon  Ub~0.164 Gev2 (J/ Y at Q2=0) c« (B-025 Gev?
6~ 0.02 GeVv2 (J/ Y at Q2=2-80 GeV?2) for soft Pomeron

A4

Ub6~0 Gev2(DVCS at Q2=4-25 GeV?2)



Transverse imaging at COMPASS

dspycs/tt ~ exp(-BJt]) B(x) ~ % < h2>

at a given x

'r: - 2 yearsof data
S F + 160 GeVmuonbeam
2 6L 4 __________________________________ 2.5m LH target
n o =0.125 Egloba= 10%,
sE i # ® o * LumiF1222pbt
s
3_ « COMPASS  <Q> =2GeV? With EECC::AAIfL ansatz at small x:
= 4 ’
& BT - B(X) = by + 2 WBIn(x,/x )
» L
S f {, W5=0. 125 GeV-2
-
- + a'=0.125
5 __ _*h__' @ —--_.______.
4 T v i with the projected data
- Xg = 0.024 l l we can determine
3L » COMPASS <Q'> =2GeV’ 0.045
280 days at 160GeV 0.09 0.17 -B with an accuracy of 0.1 GeV?
2 - « ZEUS <Q'> =32GeV’ With ECAL2 - [ Owith anaccuracy 23's
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Transverse imaging at COMPASS

dSDVCS/’tﬂT = EM‘B"'&") B(X) ~ 2 < bz>at a given x

singlet pion valence
quarks, gluons / cloud quarks

[

longitud.

x<0.01 x~0.1 x~03
| o’ pion
o 0.4 - cloud
E . HER.A
e U2 fixed
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'D | 1 | |
10 1007 107 107! 1

Chiral dynamics: at large dist.thejéluon density is generated by the pion cloud
increase of the N transverse size for Xgj <m./my3=0.14 (data from J/y)
Strikman , Weiss.: PRD69 (2004) 054012
Frankfurt, Strikman , Weiss. Ann. Rev. Nucl. Part. Sci. 55 (2005) 403



Transverse imaging at COMPASS

dSDVCS/’tﬂT = EM‘B"'&") B(X) ~ 2 < bz>at a given x

singlet pion valence
quarks, gluons / cloud quarks

[
e 1 ] A

o Al

longitud.

x<0.01 x~0.1 x~0.3

\/<b? > =065 °0.02 fm

. 1L PLB6590008) iy,
E . HERA
target
COMIRAS S
'D | 1 | |
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Chiral dynamics: at large dist.thejéluon density is generated by the pion cloud
increase of the N transverse size for Xgj <m./my3=0.14 (data from J/y)
Strikman , Weiss.: PRD69 (2004) 054012
Frankfurt, Strikman , Weiss. Ann. Rev. Nucl. Part. Sci. 55 (2005) 403



Beam Charge and Spin Asymmetry

Using DU,CS( S,CS Beam Charge and Spin Asymmetry

Comparison to.differentmodels
04

0.3}

02}

E=160GeV 1< Q’s 4GeV? 003 =x =007
statistical errors only (in 140 days)

— VGG Reggeized (x,t)-correlation (a’=0.8)

— VGG Factorized (x,t)-dependence (a’~ 0.1)

D.Muellerhep-ph/0904.045
fit on world data
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Beam Charge andiSppirAsyynmetryraverthe Kiachiatiendomatiomain

Prediction with VGG 4<@<8

160 GeV muon beam - b 4

2.5m LHtarget SRR :I'+ﬂ'_'+'_i_;]3‘+" x =015
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1), . ds(ar® - ds(m)” and [l - ReF, )
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The GPD E Is the dHoly-Graillo o f t hgeestGF

the GPD E allows nucleon helicity flip ViV
so it is related tothe angular momentum — E —
P P

Ji sumrule: 2J = Ax(HY( x, #EDOx, 3 dr) t

known:  HY(x,0,0) = q (x)
unknown: E9 (x,0,0) = eY(x with 2 sum rules:

[ PPy kd = fedx) dx

| === Ed{Jfﬂ.ﬂ} e

2J = AX (g x)+ed(x)) dx

Fu ~ - Ed
Ev“ (J,) and E 9(J)

1 | 1 : | |
-0.2 0.1 0 0.1 0.2

from Ellinghaus, Nowak, Vinnikov, Ye, EPJC46 (2006)
J,=0.2 J,=0 motivated by lattice calculation



Deeply Virtual Comptonn Scattering

Phase 2. DVCS experiment to constrain GPD E

with rT'I@, M beam and transversely polarized NH3 (proton) target

Dtcsf dST(Iﬂ"@) - dS‘T (HT")
Im(~H 0 A E) sin(f- fJcosf




D;cs and Transverse Target

Asymmetry

With a NH3 target :

Afor inclusive measurment

The dilution factor is the ratio of polarized protons to all nucleons f=0.17

Afor an exclusive measurement withh recoill protom detectionn
The dilution factor is the ratio of polarized protons to all protons =0.26

2 yearsof data
: . . 160GeVmuonbeam
sin(d—a@s )cosg
TCS relatedd toH-anddEE €yiobai= 10%
F{iiﬁﬁ §ﬁ+}§¥ of--v- i§-+ ¥
—CLE-—+ + 41.2-— +% + 0.z F +}
-0.4}= 4::.4.-1 (o) COMPASS 160 GeV, 140 days 0.4
I - It [=010(014)Ge\ -
- ®  HERMES :
Bl e S S —— B B A e e T
t [GeV X Q% [GeVd



@ ongitudinal 6 Meson production : = filter =~ of GPDs

Collins (1997): Factorisation demonstrated
for longitudinal polarization of the virtual photon

1
L .

00—(2 oc+(t3 K —

H, E(z,&,1) H, E%(z,6,1)
________________ > S bl
N 7 N N l N




@ ongitudinal 6 Meson production : = filter =~ of GPDs

Cross section measurement :

Vector meson production (*,- fX) Y H & E

Pseudo scalar production (,'X) Y H& E

Hi°=1/ @ (2/3 HY +1/3 HI +3/8 H9
HO =1/ @ (2/13 Hv & 1/3 HY +1/8 HY)

Hf = -1/3 Hs - 1/8 H9

V' d

Y “:.:f ~9:1:2at largeQ ?

Transversely polarized target asymmetry on vector mesonY E/H



Goloskokow Kroll: the = most complete model (Q ?>3GeV? x<0.2)

with H and E for quarks and gluons

guark transverse degrees of freedom as wellas  Sudakov suppressions

the asymptotically dominant (longitudinal) amplitude for ¢ *m -> b, p
but also the one for transversely polarized photons and vector mesons G > brp

10°

10°

o(p) [nb]

10"

- W=75 GeV

W=75 GeV
and /10 for _
- visibility ~~ HERA 3 F HERA

4 6 10 20 40 60 100 10" . 10 20 30 40 0.00,, 4 6 81'0 20 20

10°

10"

2.2
Q“ [GeV“] Q? [GeV?] Q[GeV




Goloskokow Kroll: the = most complete model (Q ?>3GeV? x<0.2)

with H and E for quarks and gluons

~N—

A% " O-t sim(E H) /]H]|?2

Ei0° 2/3 EU+1/3 EY +3/8 EY
EO ° 2/3 Eud1/3 EY +1/8 E¢ and EY~ - Ed

Ei Ev“o6 E4 - 3/8 HY



