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2010 - 11 : Transv. and Long. Nucleon Spin Structure
with polarised ŀand NH3 (proton) target

²2012: Hadron Spectroscopy and  Primakoff with Ù, K beam

Transv . Spatial Distrib . GPDs with DVCS and DVMP  with ŀbeams
Transv . Mom. Distrib . with Drell -Yan with Ù and in far future p, K

COMPASS: a Facility to study QCD
A Collaboration of 240 Physicists of 12 countries

COMMON
MUON and

PROTON
APPARATUS for

STRUCTURE and

SPECTROSCOPY

Medium and Long Term Plans:
LoI submitted to CERN/SPSC in January 2009  
Proposal in preparation



LHC

SPS proton beam: 1.4 1013/ spill of 4.8s, 400 GeV/c
ÁSecondary hadron beams (p, K, é): 2.108 / spill , 150-270 GeV/c
ÁTertiary muon beam (80% pol):       2.10 8 / spill , 100-200 GeV/c

-> Luminosity ~ 5 × 1032 cm-2 s-1 with polarised targets

SPS

CNGS
Gran Sasso

732 kms

COMPASS



LHC

high energy beam(s), broad kinematic range, large angular acceptance 

SPS proton beam: 1.4 1013/ spill of 4.8s, 400 GeV/c
ÁSecondary hadron beams (p, K, é): 2.108 / spill , 150-270 GeV/c
ÁTertiary muon beam (80% pol):       2.10 8 / spill , 100-200 GeV/c

-> Luminosity ~ 5 × 1032 cm-2 s-1 with polarised targets

SPS

CNGS
Gran Sasso

732 kms

COMPASS

60m



Generalised Parton Distribution functions (H,H,E,E):

ÁAllow for a unified description of form factors and
parton distributions  
ÁAllow for transverse imaging (nucleon tomography )     

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

GPDsprogram @ COMPASS

Tomographic parton images of the nucleon

Impact parameter b^
Longitudinal momentum fraction x

~ ~

^



What makes COMPASS a unique case? 

1- CERN SPS high energy muon beam 100/190 GeV

ZEUS
H1 2- which limit towards large x ?

3- which limit towards high Q2 ?
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ZEUS
H1

Gluon, sea and valence quarks

1- CERN SPS high energy muon beam 100/190 GeV
Kinematic domain
10 - 2 < x < 10 - 1

with
ECAL2+1

What makes COMPASS a unique case? 

3- which limit towards high Q2 ?Limit due to luminosity

ĄAny lumi upgrade extents the reach
of the proposed measurements

if Lumi³4 Ą more comfortable
statistics for  Q 2 up to 12 GeV2

with a 2.5m long LH2 target
Lumi= 1032 cm-2 s-1

(present technology limit for a collider *)

Ą Q2 up to 8 GeV2

*: ENC@FAIR Ep=15GeV Ee=3GeV
equivalent to Em@ CERN=100GeV

+ECAL0



ZEUS
H1

Gluon, sea and valence quarks

1- CERN SPS high energy muon beam 100/190 GeV
Kinematic domain
10 - 2 < x < 10 - 1

with
ECAL2+1

What makes COMPASS a unique case? 

4- m+ and   m-

with opposite polarisation °80%

+ECAL0



2 channels studied :
- exclusive meson production ( ɟ,ɤ,K,ū,J/y, ,́é)

- exclusive single - photon production

ɛp Ą ɛgp

dsa|T DVCS| 2 + |T BH| 2 + Interference Term

DVCS

small t

g

p

m
g

p

m
known BH

GPD

slow pslow p small t

at COMPASS with 160 GeV we can deal with
Veither BH (excellent relative yield )
Veither DVCS
Vor the interference



Comparison BH and DVCS at 160 GeV

BH dominates BH and DVCS at the same level DVCS dominates

x=0.01                               x=0.04                                   x=0.1

At Q 2=2 GeV2 |t|=0.1 GeV 2

f

ɗɛΩ
ɛ

g* g

p

excellent DVCS boosted by interference study of dsDVCS/ dt
reference yield Ą Re TDVCS or  Im T DVCS                      (not possible at JLab )

f f f



dsDVCS/dt Ą transverse imaging

Phase 1: DVCS experiment to constrain GPD H

with m+®, m-¬beam + unpolarized 2.5m long LH2 (proton) target

and ~Im(F1 H)

and ~Re(F1 H)fcos10

IntInt cc +
Intc 1,0

SU,CS¹ds(m+®)  + ds(m-¬)´ fs sin10

IntDVCSBH scd ++ Ints1

DU,CS
¹ds(m+®)  - ds(m-¬)´

Using SU,CSand  integration over f
and BH subtraction

f

ɗɛΩ
ɛ

g* g

p

Deeply Virtual Compton Scattering

9

F1 H + x(F1 + F2 ) H + t/4m2 E)

Re H  = Pñdx H(x,x,t)/(x -x)

Im H  = H(x= x,x,t) 

H = äeq
2 Hq

~
At COMPASS on a proton target :



Transverse imaging at COMPASS

Using SU,CSand  integration over f
and BH subtraction

dsDVCS/dt  ~ exp(- B| t | )

2 yearsof data
160 GeVmuon beam
2.5m LH2 target
eglobal = 10%,
Lumi=1222pb-1

We measure (N BH + N DVCS)
ÝStatistical errors ~  Õ(N BH+N DVCS) / N DVCS

ÝSystematic errors for the BH subtraction ~  3% N BH / N DVCS

B(x) ~ ½ < b̂ 2>at a given x 

(relative normalisation factor within 3% accuracy )

With ECAL2 
+ ECAL1



Transverse imaging at COMPASS

dsDVCS/dt  ~ exp(- B| t | ) B(x) ~ ½ < b̂ 2>at a given x 

xBj = 0.024   
0.045

0.09    0.17

2 yearsof data
160 GeVmuon beam
2.5m LH2 target
eglobal = 10%,
Lumi=1222pb-1

With ECAL2 
+ ECAL1

With ECAL2 
+ ECAL1
+ ECAL0

without
any model 

we can extract B(x) 



2 Parametrizations of GPDs

<< Ŭõ~ 0.25 GeV- 2 

for soft Pomeron

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

it considers that fast partons in the small valence core
and slow partons at larger distance ( wider meson cloud)

H(x,0,t ) ~ q(x) e t < b
^

2>

B= ½ <b 2 >̂ ~ 2 Ŭõln x0/x  +  B 0 +  C (1 - x) 2

transverse extension of partons         transverse size 
in hadronic collisions has to be finite

due to confinement

(Ŭõslope of Regge traject .)

for valence quark Ŭõ ~ 1 GeV- 2 to reproduce FF      @ meson Regge traj .

for gluon    Ŭõ~ 0.164 GeV- 2 (J/ Y at Q2=0)  

Ŭõ~ 0.02 GeV- 2 (J/ Y at Q2=2- 80 GeV 2)

Ŭõ~ 0  GeV- 2 (DVCS at Q2=4- 25 GeV 2)



Transverse imaging at COMPASS

dsDVCS/dt  ~ exp(- B| t | ) B(x) ~ ½ < b̂ 2>at a given x 

xBj = 0.024   
0.045

0.09    0.17

2 yearsof data
160 GeVmuon beam
2.5m LH2 target
eglobal = 10%,
Lumi=1222pb-1

Ųõ=0. 125 GeV- 2

B(x) = b 0 + 2 Ŭõln(x 0/x )

FFS model

ansatz at small x: With ECAL2 
+ ECAL1

With ECAL2 
+ ECAL1
+ ECAL0

with the projected data
we can determine

-B with an accuracy of 0.1 GeV-2

-Ųõwith an accuracy ²3 s
if Ųõ²0.3 with ECAL1+2
if Ųõ²0.16 with ECAL0+1+2



Chiral dynamics: at large dist . the gluon density is generated by the pion cloud
increase of the N transverse size for xBj < m /́ mp=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/dt  ~ exp(- B| t | ) B(x) ~ ½ < b̂ 2>at a given x 



Chiral dynamics: at large dist . the gluon density is generated by the pion cloud
increase of the N transverse size for xBj < m /́ mp=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/dt  ~ exp(- B| t | ) B(x) ~ ½ < b̂ 2>at a given x 

>< ^

2b = 0.65 °0.02 fm

H1  PLB659(2008)

COMPASS



Using DU,CS/ SU,CS:  Beam Charge and Spin Asymmetry

Comparison to different models

LOI CERN-SPSC-2009-003

D.Mueller-hep-ph/0904.0458
fit on world data

2 yearsof data
160 GeVmuon beam
2.5m LH2 target
eglobal = 10%,
Lumi=1222pb-1

f

ɗɛΩ
ɛ

g* g

p



0°«f­360 °

1 < Q2 < 2

2 < Q2 < 4

4 < Q2 < 8

0.03< x < 0.070.02 < x < 0.030.01< x < 0.020.005< x < 0.01

Prediction with VGG

Beam Charge and Spin Asymmetry over the kinematic domain

160 GeV muon beam
2.5m LH2 target
eglobal = 10%, 140 days
Lumi=1222pb-1

If Lumi 4 Ą statistics errors divided by 2
more bins up to Q2 = 12 GeV2  

Q2 = 12 GeV2

x = 0.15

15



and ~Re(F1 H )fcos10

IntInt cc + Intc 1,0DU,CS
¹ds(m+®)  - ds(m-¬)  ́

Intc1 Prediction with VGG compared to HERMES

0.005     <          x        <         0.01        <          x         <      0.02         <         x         <   0.03

0.03      <        x        <         0.07        <           x           <      0.15          <         x         <   0.3

With ECAL2 + ECAL1 + ECAL0



kq = ñeq (x) dx

2J q = ñx (q (x) +eq (x) ) dx

the GPD E allows nucleon helicity flip

so it is related to the angular momentum

Ji sum rule:  2J q = ñx ( Hq (x,ɝ,0)+Eq (x,ɝ,0)) dx

The GPD E is the ôHoly - Grailõ of the GPD quest

t

p p

q q

E

known:   Hq (x,0,0) = q (x)       
unknown: Eq (x,0,0) = eq(x with 2 sum rules :

from Ellinghaus, Nowak, Vinnikov, Ye, EPJC46 (2006)

Eu (J u)  and  E d(J d)

J u =0.2 J d =0 motivated by lattice calculation

Eu ~ - Ed



f

ɗɛΩ
ɛ

g* g

p

Deeply Virtual Compton Scattering

Phase 2: DVCS experiment to constrain GPD E

with m+®, m-¬beam and transversely polarized NH3 (proton) target

Ím(F2HðF1E) sin(f-fS) cos f
DT,CS¹dsT (m

+®)  - dsT (m
-¬)



With a NH3 target :

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

Áfor an exclusive measurement with recoil proton detection
The dilution factor is the ratio of polarized protons to all protons f=0.26

and Transverse Target Asymmetry

related to H and E

DT,CS

T,CS

2 yearsof data
160 GeVmuon beam
eglobal = 10%



ôLongitudinal õMeson production : filter of GPDs

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



ôLongitudinal õMeson production : filter of GPDs

Vector meson production  ( ,́ ,̟fΧ)     Ý H  &  E

Pseudo- scalar production  ( ,̄ Χ́)      Ý H  &  E
~  ~

Hȉ0 = 1/ Õ2 (2/3 Hu + 1/3 Hd + 3/8 Hg)

HȎ = 1/ Õ2 (2/3 Hu ð1/3 Hd + 1/8 Hg)

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

Cross section measurement :

Transversely polarized target asymmetry on vector mesonÝ E/H

Ý :́ ̟ :  f~ 9 :  1 : 2  at large Q 2



Goloskokov- Kroll: the most complete model (Q 2>3GeV2 x<0.2)
with H and E for quarks and gluons

quark transverse degrees of freedom as well as Sudakov suppressions

the asymptotically dominant (longitudinal) amplitude for gL* p ­ rL p
but also the one for transversely polarized photons and vector mesons gT* p ­ rTp

HERA HERA



Goloskokov- Kroll: the most complete model (Q 2>3GeV2 x<0.2)
with H and E for quarks and gluons

Eȉ0 ´2/3 Eu + 1/3 Ed + 3/8 Eg

EȎ´2/3 Eu ð1/3 Ed + 1/8 Eg

Eȉ+´ Eu ð Ed - 3/8 Hg

and Eu ~ - Ed

AUT(r0) ´Õ| - tõ| Im( E* H )  / |H| 2


