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GPD formalism

Chiral-even GPDs
helicity of parton unchanged

Hq’g(x’g:t) Eq,g<X:§,t)
Hard Exclusive Meson Production ~ ~
y*p_,Vp' H (X;§3t> 5 (X,E,t)
Chiral-odd GPDs (not accessed in DVCS)
y * V helicity of parton changed
H7(x,E,t) E7®(x,E,t)
H3?(x,E,t) E®9(x,E,¢t)

Flavour separation for GPDs

example:
E,=—=(2F +1pt4+ 3
© Y213 3
E,=—|2E" - 1p's 1po
/213 3 8
E,= — %E — %Eg
collinear factorization strictly proven only for . contribution from gluons at the same order of a_as from
longitudinal y* s
quarks
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GPD formalism — highlights

Nucleon tomography: (unpolarized target, COMPASS-II)

3D parton distribution function:

N——

q(x,b)=(2n)" [ d*Ae "  H(x,0,t=—A"

/ M/
where: b ﬁ — /‘\ /—\
longitudinal | ... X o . L
b : impact parameter v@ ‘
0.001  0.01 0.1 ]
X
Total angular momentum: (polarized target, COMPASS)

1
fdxx[Hq(x,E,O)+Eq(x,§,0)]:2jq (Ji's sum rule)
—il
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The cross section formula for exclusive meson production

{r}-ﬂm > 1—zp i]_l do
8nd 1—e xp Q7| depdQ?dodis
= %(a:: + a::) +e0gy” —ecos(2¢)Reo " —/e(1 +¢) cospRe (0l +0.g)
— P \J=(1—¢) singIm (ot +05g)
— 8L |i£sin(2¢:} Imol™ 4+ /e(l+¢e)singIm (07y — oy )]

+ Sp.Py { 1— =2 %(U‘:: — rr::) —/e(l ~z)ecospRe (ol — J:H)]

— St |sin(¢p — dg)Im (6L + z0qy ) + % sin(¢ + ¢g)Ime - + %sin{ﬁqﬁ — ¢g)Imeo "
+ VE“ + &) singgImoly + VE“ + £) sin(2¢ — ¢g) Im rJ':n_]
+ S7F; |V1— 22 cos(¢p — ¢pg) Real L

—\/e(l —¢) cososReoy —/e(1 —¢) cos(2¢ — ¢s) Re o:ﬂ.

g .

o, . spin-dependent photoabsorption cross section or interference term
1 2>
ij 2 i\ AJ l—y—=—2yy
Gr{m(XB’Q :t) ocC Z(Am) Ai] €= 4
1 . 1,
A . amplitude for subprocess y* p — V p' with photon helicity m and
target proton helicity i Y = 2%y M,/Q
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Access to GPDs through exclusive meson production

5 transverse target spin asymmetries and 3 transverse target double spin asymmetries

+— +— +—
Asin;cp—cps3 - Im Ot +€000 Acos o=@ __ Re O4y
UT - 0, LT - 00
+— +
AT _Im O, AT — _REG+0
ur o 0, LT — 0,
—+ —+
Asn2e-w) _ _Im0+0 ACOSP(D-%] _ _Reo,
ur o 0, LT - 0,
‘ —+
Asin(3<p—<ps,] _ Imo,_
uT - 0,
+_
ASiH(Ps _ _Im0+0
ur 0,

unpolarized cross section

1 ++ —— ++
Op = E 0,++0,, |T€0,(=0+€07
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COMPASS experiment at CERN - setup with transversely polarized target

| Filter .
pn* beam from the SPS accelerator '

. o .1032 2a-1
Ieurl]rglrr;c;?lty- ?6100G s ECal & HCal Z
polarization: = 80%
SM2
| Filter
ECal & HCal P >
RICH T 'r

~300 tracking detector planes
(high redundancy)

Two 30cm and one 60 cm long target cells [two 60cm long
cells in 2002-2004] with opposite polarization

material: NH, (protons) [°LiD (deuterons)]
polarization: =90% [=50%]

dilution factor for exclusive

p° production: =25% [=44%]

every week

=l [ e v A Microw?ve
: : ] reversa

—tr *
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Transverse target spin asymmetry for incoherent exclusive p0 production

Used data:

2003 — 2004 (deuterons)
2007, 2010 (protons)

for transverse
target polarization

Kinematics domain:

. 1(GeV/cy< Q?< 10 (GeV/c)? .« 01<y<0.9
. 0.003'<x_ <0.35

« W>5GeV

Topology:

only incoming and outgoing muon tracks,
two hadron tracks of opposite charges in PV

proton data deuteron data

NQ B
% : i ) 4000
® 30000 - ‘ ]
oy - |
c. : | =
< 20000 - ‘- : -
= B ! : -2000
> - o 1
S 10000 — h |
E HL“-

0 0
0.2 04 06 0.8 1 12 14
M _. . [GeV/c?]

uN >uNp"

Lo "+

Invariant mass

Pion mass is assumed for each
outgoing hadron track

0.5 GeV/c’< M. <1.1 GeV/c?
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Transverse target spin asymmetry for incoherent exclusive p0 production

Missing energy and energy of p°

E I 6000 candidate
§ 40000 — ] » Check if the proton is intact
2z i ] M>— M>
= ' —4000 E =-% "Peg(-2525)GeV
> - ] 2M,
5)
20000 — ’ E, .. = 0 is the signature of exclusivit
B i 2000 miss g y
i =  Check if EpO > vpin (minimal energy of y*
07 A i g allowed by the kinematic cuts)
-10 -5 0 5 10 15 20 E.> 15GeV
Emiss [GEV] "
°"\a Squared transverse momentum of p°
> ] candidate w.r.t. y*
5
< 10 3 10° To remove coherent production off
= - § target nuclei
% 10* = 10° 0.05 < p5 (GeV/c)* for protons
§ - : 0.1 < p3(GeV/c) for deuterons
> L ,
3
10 s | 107 To suppress non-exclusive background
0 02 04 06 08 1 1.2 pr <0.5 (GeV/c)
pT2 [(GeV/c)]
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Transverse target spin asymmetry for incoherent exclusive p0 production

Extraction:
for each kinematic bin

All 8 asymmetries extracted together from a fit of the number of signal events in ¢, ¢5 bins for each of the target cell
(U+D, C) and polarization state (+,-) — 4 input 2D matrices

Background rejection:
for each kinematic bin, target cell and polarization state

Background asymmetry probed in 7 GeV < Ejiss < 20 GeV region

% 30000 - shape of semi-inclusive background from MC
3 - (lepto with COMPASS tuning + simulation of spectrometer response
= i + data reconstruction)
& 20000 —
= i MC weighted using agreement between real data and MC for
> . wrong charge combination sample (h+h* + h-h-)
10000_ Nﬁ/;ch-'- (Emiss)+Nl/Zl\/[_Ch_(Emiss)
- W(Emiss) — h+h+ h—h—
B NRD (Emiss>+ NRD (Emiss)
0 - | “al R e L P
-10 -5 0 5 10 15 20 Normalization of MC to the real data using two component fit

E . [GeV]  Gaussian function (signal) + shape from MC (bkg)

Pawel Sznajder DIS 2014 10



Transverse target spin asymmetry for incoherent exclusive p0 production

COMPASS results Goloskokov and Kroll
(NPB 865 (2012) 1) (EPJC 59 (2009) 809)
— 0.2 [ 05 5 ! I ! I ! I ! ! 1 :
g N (x5)~ 0.039 (Q")~20(GeVic|  (py)~0.18(GeV/c 04F il :
FSon ' ' 03f P 1
ol 3 P4 i { ¢ { s 02¢
< 0.1 _KO - E
04y y 5 0.0 - o _-_.‘_‘2:_:_—_7_-._—;-;
Ll L il A ) L T D T T T -01;- ® _E
S (x,) ~ 0.032 (Q*) ~ 2.2 (GevV/c (p2) ~0.23 GeVIc 02g
EE501f - } : 2 3 4 5 6 7 8
Q -
RN ! 1 1 Q(GeV]
| t l ! I * “handbag model’
o1k ! ! * GPDs constrained by CTEQ6
ey parametrization and nucleon form factors
[ . . | | . . » power corrections due to transverse
02T et 1 0 oz 04 Quarks momenta
X 02 [(GeV/e)] pi [(GeV/e)] - predictions both for y* and y*_

« A SN@-9s) for transversely polarised protons and deuterons compatible with O

» for proton data agreement with HERMES results
COMPASS results with statistical errors improved by factor 3 and extended kinematic range

« for deuteron data the first measurement

* reasonable agreement with predictions of the GPD model of Goloskokov - Kroll
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Transverse target spin asymmetry for incoherent exclusive p0 production

Single spin asymmetries

0.1F
0.05¢

++4r——+ Eil

—0.05%

S
=

sin (=g )
AUT

=
[
TTTTyY

sin (¢ + g )
AU'I'

New results — PLB 731 (2014) 19

=
T

i+++ +f_+F+ + L+++JT‘

» Improved method of extraction (2D)

(2d-d)
o |
,':J =
Ln I-I- (]

e 5 single spin asymmetries and 3 double spin ] 3 “ 4 i +
asymmetries for transversely polarized proton %5 | ¢ + = M +
~—0.05- o 3
target : z
0. a -
0.2F

bbb
e

s

=
-

uT
o

A:_ljn]-bq Aﬁiﬂ[:}"j_'bg]
S
ﬁ

] |
= &S
Lh = b3 |
AL

(xz) ~0.039

(Q*) ~2.0(GeVicl —0.05% J T ¢ { %_YT{_

_Ddi-l | I‘n. i i i n " i I PR S I T T S N SR T SR R S
0 0.05 0.1 2 4 ¢ 02 04

Xgi 7 (GeVHcY) p2(GeV/c))
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Transverse target spin asymmetry for incoherent exclusive p0 production

Double spin asymmetries

&
I 0.5F +
e
é: ﬂ- .4 ’ * ‘e E + LI +
o4
New results — PLB 731 (2014) 19 o
» Improved method of extraction (2D) z 0.5F l +
: S et RS S Ve
» 5 single spin asymmetries and 3 double spin 23 I |
asymmetries for transversely polarized proton <05
target &
$50.5 | i
L I S L
—U.S;' L L
0 005 01 2 4 0 02 04
Xgj 07 (GeV/cH) Pi. (GeV7/c?)
(xz) ~0.039

(Q*) ~2.0(GeV/c|
(p2)~0.18(GeV/c|
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Transverse target spin asymmetry for incoherent exclusive p0 production - integrated

« All asymmetries small, compatible with 0, except
« An=_0.019+0.008+0.003

« Indication of Hy contribution — relation with transitivity at forward limit: Hy(x, 0, 0) = h4(x)

s o ~E ~H ~E ~H ~H
SINAD — O sin(g— 1
in (0 + 0s)
Agr " - ~E
A?}r%(zq;—qns) » = Afj;w_%)oo:—lm[Mz,r s }
AnGo=0) .y ~ H E
(0—a5)
e .
ACI?;(2¢_¢S) e . ~ ~H ~E
LT | ) | L L | !
12 =ikl 0 0.1 0.2
(A) Helicity amplitudes:
(%2 ~ 0,035 meson helicity

recoiled proton helicity

2 ~ ( \2
(Q°) ~2.0|GeVlc| Vp.yp

2\ 2
(py) ~0.18(GeVc| virtual photon helicity

initial proton helicity

| Pawel Sznajder DIS 2014 14



Future GPD program at COMPASS-II - projections

Study of exclusive meson production will be continued at COMPASS-II

» 2012 pilot + 2016, 2017 with unpolarized LH target and RPD
« > 2017 with polarized target and RPD (subject of addendum to the proposal)

Measurement of t-slope for exclusive p0 production
sensitive to transverse size of nucleon — meson system do

* Q2 and v parametrization of cross section from NMC data
normalized to Goloskokov and Kroll predictions 1

* 160 GeV muon beam

* global efficiency € = 10%

* L=1.2nb-1(2 years of data taking) 1/40 statistics expected in 2012 pilot
P:'; 10 —
L
=x]
85— e L ®--8
E A A, *---+ — more in:
6 e - -'r*nm | The GPD program at COMPASS I

I Eva-Maria Kabuss
Thursday, WG6+WG?7 joint session

a3 . ; COMPASS 280 days at 160 GeV
A ZEUS <Q > =35GeV ®<Q > =14GeV:
ZEUS <Q > =11GeV" W<Q >=26GeV

(]
|

A<Q >=5GeV
Y<Q >=10GeV"

||| L 1 Lo a el L 1 |||||||

= -3 -2 -1 .
10" 10 10 10 Xpj
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Summary and outlook

COMPASS is unique to probe GPDs due to covered kinematic region of intermediate xgj and
availability of beams of two charges and polarizations

Exclusive meson production — complementary measurement to DVCS, flavour separation
for GPDs, sensitivity to chiral-odd GPDs

Transverse target spin asymmetries for exclusive p0 production was measured for protons,
asymmetries are small, compatible with 0, except

A =—0.019£0.008+0.003

Indication of Ht contribution o
s Q= @

Transverse target spin asymmetry A(}T(
asymmetries are small, compatible with 0

measured for deuterons,

Measurement for o in progress

GPD program is continued at COMPASS-II
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COMPASS polarized target

» 3 target cells with opposite polarization

* 2 magnets to hold and rotate polarization
solenoid 2.5T
dipol 0.5T

* Acceptance of £180 mrad for upstream edge

: | * 3He — 4He mixture used to refrigerate (T~50mK)
| 1060 mm |

position of PV along the beam direction for
incoherent exclusive p0 production

— = -
- & 15000
iz — i
= 2z i
S S 10000
[ I~ 0
: | = :
il | 5000 -
amy
-50 0 50
Zy [cm]
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