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Outline

@ The COMPASS experiment
@ Deeply virtual Compton Scattering [DVCS]:

* Cross section -> Transverse size of the nucleon

* Asymmetries -> Generalized Parton Distributions [GPDs]
@ Results: exclusive ;‘JO production: 2007 (LiD) /2010 (NHs))

@ Interpretation within phenomenological Goloskokov-Kroll
model -> evidence for existence of transverse GPDs

@ >2016/17: unpolarized LH target: DVCS and HEMP
(hard exclusive meson production) -> constrain GPD H

@ >2018: to constrain GPD E: need new transversely
polarized target & recoil proton detection

W.-D. Nowak, Access to GPDs at COMPASS (Primosten/Croatia, Sept. 10-16, 2014) 2
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Unique Experimental Conditions at COMPASS

@ High-energy 100-200 GeV/c (tertiary) muon beam (CERN)
@ Natural high beam polarization:0O(0.8); pos.[neg.] for mu-[+]
@ 2007(°LiD )& 2010(NH-): transversely polarized d & p targets
@ 2009 & 2012: DVCS test runs (LH target & small RPD)

@ > 2015: unpolarized liquid-hydrogen (LH) target (no dilution)
@ > 2015: large recoil-proton detector (RPD) around target

@ Large acceptance; 2-stage tracking and calorimetry, PID
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Exclusive Processes: Access to GPDs

@ For spin-1/2 target 4 chiral-even
(= parton-helicity conserving) -
leading-twist parton GPDs: A ,E ,H ,E
> H.H conserve nucleon helicity,
> E,E involve nucleon helicity flip

@ Different final states are sensitive to
different (combinations of) GPDs:

>DVCS (y) > H,EH,E
> Vector mesons (p, @, ¢) 2 H,E
> Pseudoscalar mesons (7, 77) 2 H,E

@ Also: chiral-odd (transverse’)
(= parton-helicity flip) GPDs:

HT ET — ZHT + ET
> accessible e.g. in p production

W.-D. Nowak, Access to GPDs at COMPASS (Primosten/Croatia, Sept. 10-16, 2014) 6



Interpretation of GPDs

Parton Distribution

BRSO Factors Functions (PDFs) @ GPDs include Form Factors and
. £ Parton Distribution Functions as
’/F B h ul—i,‘(Pz\ moments and forward limits, resp.
B
B || | »P,
| b @ GPDs yield a multidimensional
/ d description of nucleon structure
N A \ ¥ >z 4 (longitudinal momentum vs.
transverse position longitudinal momentum transverse position)
J=tons of partons — NUCLEON TOMOGRAPHY
a» N
: “ -»xP, @ GPDs offer access to quark total
' YosP, angular momentum through the Ji
), v relation (in principle also for gluons):
Catd 1
L/ >z 4 Jo = lim [ dx x[H, (x,&,6)+ ENGEEE
1

Correlation between longitudinal
momentum and transverse position

[X. Ji, Phys. Rev. Lett. 78 (1997) 610]
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COMPASS 2007&2010 proton
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|vep0

» Factorisation valid for o}

» Leading twist term 065_ sensitive to

Asin(qﬁ—qbs) _ Im (err; T O-EDFO_)
uT — o
0
do~
I 00 ~ 1 8*
m— m (E"H)

» £ & 'H are convolution integrals of hard
scattering kernels and the p° distribution

amplitude with GPDs E & H where: » Additional asymmetries

12, 1_, 3_, contain higher twist

— Constrain GPD E
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e = virtual photon polarization parameter

ol — = spin dependent photoabsorption cross sections,

mn
interference terms

m,n = virtual-photon helicity
i,j = target nucleon helicity




Mean asymmetries - NH3 target (2007&2010)
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Asymmetry Ay7 7 - NH3 target (2007&:2010)

as a function of xg;

g_” (). |- COMPASS proton :;’_ ().2 COMPASS proton ;’ (). 1F COMPASS proton :;_’ (),2- COMPASS proton
s s s N
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» Asymmetry extraction using a 2D binned maximum likelihood fit
after subtracting the SIDIS background
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Comparison with a phenomenological GPD-based model

Goloskokov & Kroll

» phenomenological ‘handbag’ approach
P 5 5 PP Eur.Phys.J.C 59 (2009)

» based on k| factorisation
» includes twist-3 meson wave functions

» includes contributions from 7" and 77

VA § : *
O-.UO- — M.u'fyf"u’y p’fy’?o-)‘

* * 1 *
oo = — 2Im [EMU—,0+M0+,0+ + Mo Mot 4 + EMO—,++M0+,++]

[ E 3 *
Mo 1+ Moy ot — Mo+,++M0—,D+]
[ #

Mgy s Mo o- ]

o * M~ 3o = helicity amplitudes
MD—,++MO+,0+ - M0+,++M0—,0+:| o :?ﬁﬁial—state proton helicity
- [3 = virtual-photon helicity

~ = final-state proton helicity

o = meson helicity




Comparison with a phenomenological GPD-based model

Up to now mainly used to describe DVCS and HEMP:
chiral-even GPDs

YL — P(L] Mo+ ot ~ H; Mo_oy ~ E dominant

vE — ’0(71, Moy iy ~H, My_ ., ~E suppressed

Recently introduced: chiral-odd (transverse) GPDs

v —p?  Mo_ 4y ~Hr, Moy ~ET =2HT + ET

v — p(}, VT — pgT known to be suppressed, neglected in the model

Aﬂ'}(?) = -0.019 4+ 0.008 + 0.003 evidence for existence of

chiral-odd GPD Ht




Asymmetry Ayt , - NH3 target (2007&2010)
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PASS: Monte Car

Bethe-Heitler

do a |T®H|2 + Interference Term + |TPVSS |2

g [ - | F _ B s _
- i I — I S wwwmeenes | Monte-Carlo
o = = b H &
s I = s Simulation
g Em- E i for COMPASS
L il .
E_n_ 2| 20 set-up with
[ =t o only ECAL1+2
I m:— 13_
I i [ _ 'Missing
20— - | .l ]
- i _ 1 FA DVCS acceptance
L s Rl el oozl A s wiithout ECALO
-|.|....|.||.|.|-|.|....|.|..|.|.||.| :||||..|||--..|..i.|.:||||.|.||.|.|u|-||. -.l|.|..;.|I|-:I.-|.|.|.||.|.||||.||...|||.
-8 -10d -50 o 50 100 150 180 A S0 1] 50 100 45D 80 100 -5 o -] 100 AS0

0.005 < x; < 0.01 0.01 < x5 < 0.03 0.03 < x,

BH dominates study of Interference DVCS dominates

excellent =2 Re TOV& study of dg™</dt

reference yield or Im TOVG = Transverse Imaging
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OMPASS: 2009 te

2009 & 2012 with 40 cm long target & small reca
orken regions -> indication for DVCS

| 54 events
=|BHF

Ry

251 events | 135 events

a
e

nk ﬂl‘uﬂiﬁarﬂ:ﬂ

u
L R

nb of avents

-1
AE W B ¢ H MW 1H A5 - 30 ¢ B 1N 1 50 M -E 0 H M s

i (deal i [dea) o [deq)
0.005 < x, < 0.01 0.01 < xg < 0.03 0.03 < x4
£ =~ 35%
Hp 2> WY P 54 evts = 20 BH

= (0.8)* for SPS + COMPASS avail. + trigger eff + dead time + a significant DVCS contri.
hich can be polluted
g ~0.14  confirmed Egtobal = 0.1 W po
global
as assumed for COMPASS Il predictions by y from 1" decay
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ASS: How to con

ized beam: Constrain GPD H (2016-20

of cross sections: imaginary part of Compton Form
fference of cross sections: real part of Compton Form F

Q)ﬁ,ufd'ﬂﬁi”)'d-ﬂﬁl'gﬂc CE;.M+C{MEDS¢] and <01 ~F,ReH

DVCS

SES,UE df'o-(#ﬂ‘-r) + JO'G‘.!'U G.:[ dcBH 4 ] + K.si™ sin ¢ ]and slf"rn- F,ImH

nsversely polarized target: Access GPD E (> 201

endum to proposal required)

q-)cs,r E‘{HTC”JJ) - JJT@‘_T)
C Im(F,H - F,E) sin(¢- ¢ )cos ¢
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Sosp = do™ +do~ = 2(do®H + do2V S5 + e, P,Tm 1),

+ 015 |COMPASS exp

2 2 (2016+2017):
= ZEUS <Q2> =32GeV

v HLHERAT <Q)> =4GeV’ - 40 weeks of ¢

« HI-HERA T <Q’> =8GeV?
with ECAL1+ - 2.5 m LH tarc

« COMPASS <Q’> =2GeV?
280 days at 160 GeV

¢ o o o
with ECALO+1+2

-1
10 Xg

7e of the nucleon as a fun




—do(u™) oc}ildog,/cs +e, Re(])
IH(§9 t))

COMPASS expected results (2016+2017):
40 weeks of data, 2.5 m LH target, 10% global efficiency
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and hadron production planes
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Conclusions and Outlook

@ Generalized Parton Distributions are a well-suited tool to
explore the structure of the nucleon (nucleon tomography)

@ COMPASS is a unique place to study DVCS and HEMP in
the medium-x region

@ COMPASS results on 2010 exclusive po production show
Indications for transverse GPDs, when interpreted in terms
of phenomenological Goloskokov-Kroll model

@ 2016/17 data will deliver COMPASS DVCS results to help
constraining GPD H and to better understand the
transverse size of the nucleon

@ Further ideas exist for >2018 to constrain GPD E

For a detailed discussion of 2009/2012 DVCS test run results: see talk by O. Kouznetsov)
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Semi-inclusive background estimation

% 30000 — COMPASS 2007&2010 proton
S B
» LEPTO MC (COMPASS tuning) Y i
: =
L Z 20000
1.) Parameterization of MC: E i
- L
» MC weighted with the like sign © 10000
sample -
At hT - 01_0 5 0 ‘5 10 15 20
Wo— Nclata (Emiss)‘I'Ndata (Emiss) E .. [GeV]
+ht
Nh 4 (Emiss)‘l' NMC (Emiss) > 3000/ COMPASS 20032007 deyreron
6 i 24<0°<10
w0 i
» Parameterize the E,,iss shape of % 2000
weighted MC > i
¥ n
» Binning appropriate for asymmetry 1000
extraction (xg;, Q% or p%, target .
cell) % 5 0 5 10 15 20
].IllSS [Gev]
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Semi-inclusive background estimation

% 30000 — COMPEASS 2007&2010 profon
» LEPTO MC (COMPASS tuning) ﬁ
o
. Z 20000
2.) Fit to data: £
-
» Normalize MC E,iss shape to data “
by performing a two component
signal (gauss) + background fit

» ¢, ¢g distribution for 7 < Epjss < 20
GeV scaled with the number of

5 10 15 20
Emiss[GEV]

3000 COMP,
background events and subtracted

from @, @s distribution in signal
range —2.5 < Eniss < 2.5 GeV

» Asymmetry extraction with 1000
corrected @, ¢s distribution

2000

events/0.5 GeV

S§S 2003-2004 deuteron
24<0'<10

— Total amout of SIDIS background:
18% (°LiD), 22% (NH3)
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Exclusive p* production - kinematical distributions
protons

"‘}.a 1 05 | COMPASS 2007&2010 proton & 30000 COMPASS 2007&2010 proton "f;: F COMPASS 2007&2010 proton
— & = r -
I o L
E i 3 i E 10° ;
= 10° 3 20000 - = >
* 10 1Q ~2.15(GeV /c) - = No,ila((;ev /c)
s : S 10 N
= 10k 10000 = ;
- - r - 3
2 B B ¥ 10°d
[ N TN R i il 0 Lo L 1 :E..l...|.i.|...|...|...
12345678910 10° 102 10" 0 02040608 1 1.2
Xy, 2 2
Q’ [(GeV/c)] Bj p; [(GeV/c)T]
deuterons
"f-a 104 COMPASS 2003-2004 deuteron =  COMPASS 2003-2004 deuteron ‘“;.'a £ COMPASS 2003-2004 deuteron
— = = - -
> : > o %
@ . : S 30000 § 10° 2
= g C — 0:23(GeV/c
S : 2000 = T (GeV/e)
Z gL : z 10 '
S 10001 g
z : - g )
10iE_I 1 1 1 1 1 1 1 0: [ Lo 1 10 ;Eulnnnlninluuulnnulnnu
12345678910 10° 102 10" 0 02040608 1 1.2
Q’ [(GeV/e)’] Vi p? [(GeV/e)]

wak, Access to GPDs at COMPASS (Primosten/Croatia, Sept. 10-



Asymmetry Ay7 7 - NHs target (2007&2010)

as a function of Q2
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Asymmetry Ay7 7 - NH; target (2007&2010)

as a function of p2
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Cross section
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