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Hard Exclusive Reactions at/CONPA
Exclusive photon (DVCS) and meson (HEMP)

at small transfer for GPD studies

roduction

Deeply Virtual Compton Scattering
DVCS: n p=> p p'y

M
W v
p’ —>y

Pseudo-Scalar Meson: p p> p' p' nd

VectorMeson: n P> n' P po®
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Measurement of exclusive cross sections at COMPASS

DVCS: n p > u' p"Y at small transfer

U o I
F P’ —>
rom the SPS at CERN

Both fﬁ and },L_" beams

Polarisation ~ £80%

Momentum 160 GeV/c
, ECAL2
it

COMPASS:Two stage magnetic spectrometer

for large angular & momentum acceptance
ECAL1 Particle identification with RICH, HCALs, ECALs and

muon filters. NIM A 577 (2007) 455
NIM A 779 (2015) 69

CAMERA recoil proton detectol
surrounding the 2.5m longs+
LH2 target /7
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» A ='-C'AMiE'RAfiEQ"cizoi!'proton détector
T % surrotnding the 2.5m long
i 'LH2-target

» ; + SIDIS on unpolarized protons
‘\ 'i’;\:‘% N ' ;:\ = - .'_\\\ . . \

2012:
1 month pilot run

2016 -17:
2 X 6 month
data taking
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Deeply virtual Compton scattering (DVCS)

[k
! g
Q large- g
Y™ | Y
& inside the loop: average longitudinal momentum fraction
hard -
T (2(_.'!:_5)_8 """""""""""""" (K,_E)P_ """ & ~ Ap/2: transferred longitudinal momentum fraction
soft GPDs
Generalized Parton t: total proton momentum transfer squared related
p Distribution P’ to b, via Fourier transform (when & =0)

The amplitude DVCS at LT & LO in o (GPD H): Real part Imaginary part

_rt1 H(x,&_,,t) - +1 H(xf;,t) : .
92[&?%{_1 dx P PJ_ dx o iTH(x = +&E&t)
In an experiment we measure i ImH (x,t)
H(E t) =n! f dx + A(t
Compton Form Factor H RA (S ) = 7 x— ¢ (£) 530



Deeply virtual Compton scattering (DVCS)

M. Burkardt, PRD66(2002) M. Polyakov, P. Schweitzer, Int.J.Mod.Phys. A33 (2018)
Mapping in the transverse plane -, p(r) in GeV fm’?
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The amplitude DVCS at LT & LO in o (GPD H): Real part Imaginary part

1 H(x,ci,t) _ +1 H(x,{;,t) : . O
%{g?xe{—l dx P PJ_ dx o= iTH(x = 1§ t)

ReH (E,t) = w1 f dx !

In an experiment we measure

Compton Form Factor .7{




Exclusive single photon production (BH + DVCS)

¢
k]
L4
.-F--'-F -\--\-"-\.

- do= |TBH|%2+ | TPVCS |2 + Interference Term
AN AN
/ ~ ~ ~
_ H Ves Ves\ _ (». . D,
Sopdoidnidy = S+ (ATl + Prdoy ) = (eRe L+ ecPelm D
With unpolarized target: Belitsky, Miiller, Kirner, NPB629 (2002)
( do? o T+ P cosp + 3 cos 2¢ \ HT,Twist-3
| - ' suppressed by 1/Q
VCS DVCS |, DVCS . _DVCS
dc mpol € €0 + ¢ CoS ¢ + - cos 2¢
de p;{?S o S{JVCS SiI‘l(fJ
Rel « cé + crjr Cos ¢ + ci_; cos 2¢ + L'j-_- cos 3¢
JT o I .
\ Im/ o 5 sm¢+s5,sm2p j NLO, Twist-2

double helicity flip
suppressed by oL



Exclusive single photon production (BH + DVCS)

With both ut and uf' beams we can build:

© beam charge-spin sum

+ _ do® o g™ + P cosd + B cos 2¢
— — —  _ STals roals o
=do +do " = 44 m;ﬁf o« Y+ PV cos o + cos 2¢

+ Im/ o« 5| sing+ s)sin2e

AN .
X :} d O_DDII(.S oc SJl_rJ Ves sin d)
=do —-do’ = P

+ Re/ « c‘é-i—c{cos¢+c£cos2qb+ cos 3¢

@ difference
+

y*(Q2’ xB) y

+ - + -
= doc" +do— = 51I o ImF =doc" —doe = Cll o Re F x+g

and c,"V® o (Im#H)?

for proton target P LO.Twi
~ ,Twist-2
F =FIH + H— E - H g2
at small x; Compton Form Factor

x in the loop

COMPASS domain linked to the GPD H
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COMPASS 2016 data Selection of exclusive single photon production

Comparison between the observables given by the spectro or by CAMERA ,i
p)

>Y
0
DVCS . u p 9 u p 'Y Ap = =" - ™" Ap_ = P - 1p™
3 2
« L[ COMPASS . ut . COMPASS . ut
1 Ap = @ram spec 2 o ) - $
) Q=@ -@ ;g_ﬂ'_l) proton 3%, T 5, 2) proton ‘ T
2 can spec 9 _ -azimuthal : ._ E - momentum
) &IjT = Pr Pr .‘?'M: angle . applied Q_-m_ ' applied
g sel ’ cut S ) cut
3) Ay | = Z.\L{-m“ _ Zﬁiz“ml[l vertex g . l . 2 l Euru:-— l
! ; ! ' b .
: i ¢ i . e
1o _ 2 5 — 8 . r o* ..
4) M X=0 7 ( J”ﬂl—l_l Pin I-'”Ull[ I Pout, IT) H"ﬁ“".““ T ."'""'n“-n “l."u"""‘"‘ yilis ..'.".'F.'.'Hnnm
—[t'E -24 -D3 02 -04 |: [1A ] 22 03 a4 (e} I'E" -0.3 -0 -0.1 O Q.1 .2 Q.3 b4
A [rad) Ap [GeV/c]
- — T
+ -
Good agreement between p* and p —— o - (kapeapf
yields important achievement for: x| coMPASS S s COMPASS . ut
S 3) proton .I-: _— o 4) Energy * .
n _ | S/ track ', [ momentum
B - N DNE ?‘ position ;i_';.tur.r:: balance
0 = d(]— + d(T DI n a0 : .1 applied § C " applied
e o[ * . cut S Wi . cut
{i 5 R A g | e e
— _ [ N2 - ZiNo 500 . :, E'm_ o’ "
9 = d(]' d(:‘_l' o o | = i . 1 'l.'. C ““. o ‘H' '.!.-i. ".“-
Relatec e - T e T;H'Er.- ’i:-‘s‘ TR F T u.:" TR H:
AZ, [cm] o liGEV 62
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COMPASS 2016 data DVCS+BH cross section at En=160 GeV

BH DVCS
| / |
:- =do (u c (u
R RS
do a |T8"|?% + Interference Term + | TPVES|2
80 <v [GeV] < 144 32 < v [GeV] < 80 10 < v [GeV] < 32
= 700 ot =% 200(~ - = 70 -
e ;COMPASS — sC B = 180:_COMPASS — cBH = - COMPASS  MCBH
g 600/ Fama MC incl. =° E C 4 Il MC incl. = ; L | MC incl. x°
— . M MC excl. n° — 160~ [ MC excl. =° — M MC excl. °
& & 0. & 50
- 5001 Pure BH Xg; ~ 0.0085 b e Xg; = 0.020 - Xg; ~ 0.063
o . Q2~ 1.8 GeV? o 120F Q2= 2 GeV? &N ol . Q2= 2.1 GeV?
400/ i i E C .
= “°- contribution y~0.75 = 100 y~0.3 5 y=0.1
8 o F @
£ soo- = wf £
TR w - : L
200}- _ . e - +
» * 40._— *
100~ C * .
; . . 205, orel” e ..
DFFJ_F__’_"_;_J._; S I S - J L1 1 1 I L1 1 1 T‘__.q .:_ 11 L 1 J | T S T | l I - l § SN I U T ——— J

-3 -2 1 0 1 2 3 -3 -2 -1 0 1 2

- 3 3
Data/BH=98.6 +1+4% ¢ [rad] o [rad] o [rad]

MC: BH contribution evaluated for the integrated luminosity .
n° background contribution from SIDIS (LEPTO) + exclusive production (HEPGEN) DVCS above the BHcontrlb.
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COMPASS 2016 DVCS cross section for 10 < v < 32 GeV

At COMPASS using polarized positive and negative muon beams:

+ —_
— —
_ + _ H Ves
= do +do 2[do ™ + doy) P+ Im 1]
= 2[do®? + m TS cosp+ 7 cos2¢ + s sing + shsin2¢ |
calculable All the other terms are cancelled in the integration over ¢

can be subtracted

5
5> .| COMPASS
% 10 E_ e_Bm
d3oH? T s B=6.6+06,, +03.. [(GeV/c)?]
T . J BH DVCS £ N =0.0 £ 0.0y, * 0.5, [(GeVic
dQZd P / d(,i) (dO— —do ) X €y —_ B given by a binned maximum
i rac —Tr > o likelihood technique
AEF
3 F

do? P 1 d3 O"erp

dt  T(Q2 v, E,)dQ2dvdt !

Flux for transverse
virtual photons

0.08 < |t| < 0.64 (GeV/c)?
1(GeV/c)® < Q% <5 (GeVic) 2
10 GeV < v < 32 GeV

1 1 1 | | 1 1 ‘ 1 1 1 | 1 1 1 1 I 1 1 1 1 I |

0.1 0.2 0.3 04 05
It] [(GeV/c)? ]11/30
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COMPASS 12-16 Transverse extention of partons in the sea quark range

doPVes/dt= eBltl = ores

oc (Im¥H )P

'Y*(Qz’ xB) y

Im#H = H (x=¢, ¢, t)
x=&~xg/2 closetoO

P LO,Twist-2 P
Eaxg/2
X in the loop

(b1 (z)) ~ 2B (€)

Improvements in 2016 analysis compared to 2012

VVVVYVYYVY

same intensity with pu+ and p- beam in 2016

more advanced analysis with 2016 data, still ongoing
70 contamination with different thresholds

better MC description of the evolutioninv

binning with 3 variables (t,Q?,v) or 4 variables (t,$,Q?,v)
different binningin t

B ((GeV/c)?)

2012 statistics = Ref
2016 analysed statistics = 2.3 x Ref
2016+2017 expected statistics = 10 x Ref
8 N
L COMPASS 106 £
= 1 &~
:._, e — — o—l
Tl L TS N dimimimima "":-- — 2016 Prelim. 05 -\Cl!
6l }T _____________________ e N '
B + * + ................. Ny
5 B .\
2012 ®prLB793\_
4— 0.3
3 ® COMPASS: <Q* = 2.1(GeV/c)>  This Analysis 0.2
B ) COMPASS: <Q%> = 1.8 (GeV/c)>  Phys. Lett. B793 (2019) 188 s
2— ¢ ZEUS: <Q%>=3.2(GeV/c)?  JHEP 0905 (2009) 108 -
— A H1: <Q% = 4.0 (GeV/c)
1 v H1- <Q2 =8.0 (GeV/c)2 } Eur. Phys. C44 (2005) 1 —0.1
B ] H1: <Q% =10. (GeV/c)>  Phys. Lett. B681 (2009) 391 i
O 1 1 | 1 11 11 I 1 1 1 1 11 11 I 1 1 1 | 1 1 11 0
10 107 1072 107"
, , XE/Z
<Q>=1.8 (GeVic) } from Kumericki & Mueller
_______ <% = 10. (GeWc)z KM15 model
—_—— <Q%> = 1.8 (GeV/c) }
________ <@ = 10, (GeV/c) GK model  from Goloskokov & Kroll
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GPDs and Hard Exclusive Meson Production

Factorisation proven only for G,

The meson wave function is For Pseudo-Scalar Meson, as t°

an additional non-perturbative term

Quark contribution chiral-even GPDs: helicity of parton unchanged
Meson 9q

Hi(x, &,t) E9(x, &, t)

+ chiral-odd or transversity GPDs: helicity of parton changed

H.‘I?(a:, g, t) (as the transversity TMD)

related in the forward limit to transversity and the tensor charge

Elr =2 I’:i.cr7 + EC]r (as the Boer-Mulders TMD)

related to the distortion of the polarized quark distribution

in the transverse plane for the unpolarized proton and to its
transverse anomalous magnetic moment

o, should be asymptotically suppressed by 1/Q? but large contribution observed
GK model: k; of g and g and Sudakov suppression factor are considered

Chiral-odd GPDs with a twist-3 meson wave function 13/30



COMPASS 2016 Exclusive ©t° production on unpolarized proton

- + 0

H‘ P 9 l'l_ TP 1/ d?c+ d?o —) 1 o | |dor dapr da COMPASS
T 1 — — . 2 I' 2 : 4}” LT

ut bea.ms Wlth- | 5 (dtdc;’rﬂ + dtdo. )~ 27 [( ‘I + 7 ) + €COS 205 Ji + v/ 2€(1 + €) cos ¢ dt ] <xz>= 0.13

opposite polarization ¢ closeto 1

4 ] [dor 2 t' = 2| | oTT t' = |2 OLT V-t * T — =,
oz B | |G 1D = — (B | | > o B | | T o 5o Re [(Ha)"(E) + ()" (1)

Fr%=2/3Fu+1/3 F¢  (HYH9) (E“ E9) (HY. H.) of opposite sign (E“ E°.) of same sign =» clearly enhanced

%L o <ﬁ>)2—

. S . . contribution
Z‘.‘: mn COMPASS preliminary |
=15 new< [ © wodn S. Goloskokov, P. Kroll, EPJC47 (2011)
S 12} (e 'p’ _ ] 30 - | - | : .
— v e [6.4,40] GeV W=3.83 GeV
T-"f % 10 Q* € [1,8] (GeV fe)? T e Q*=3.44 GeV* |
- t| € [0.08,0.64] (GeV /c)? £
8 ' ' 220 T . . .
( } g | Typical dip of the cross section
e : ’_ ~
| x>=0.134 ; $ Colf as a function of -t’= -(t-t,)=|t|
| <w>=4.1 GeV s |t,| =102 GeV?
2'<Q2>=2.3GeV2 s e
) ) , , , , 0
{F{Ll 0.2 0.3 0.4 0.5 0.6 0-2 &; 06
1] (GeV /c)? t[GeV7]

14/30



COMPASS 2016 Exclusive ©t° production on unpolarized proton

+ + 0
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1 oe ()= gz [N | |28 )P — D (B | | %5 o= oz (B[ | | T e Y Re [(10)" (B) + (B ()]
dt m dt 5 S8m g QIGm 7 dt m

Fr%=2/3Fu+1/3 F¢  (HYH9) (E“ E9) (HY. H.) of opposite sign (E“ E°.) of same sign =» clearly enhanced
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- i._.r -1 A QD . H -
o COMPASS preliminary o Y p—=Tp COMPASS preliminary
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_- ® 2016 data _~ =1 ]
2|z new = 2z 301 Qe (@ev/ey e )= 1A + B cos(20) + C cos(d)
O 1ok Y ] @, t] € [0.08,0.64] (GeV /c)? o= o= os\Ze) T © coiel
— ! " .._j arl
= v € [6.4,40] GeV Y 2.5 (doT L clcrL> — (6.6 0.3gact 02 ) nb
== 10 Q° € [1,8] (GeV fe)? I Sl stat— 0.81sys/ (GeV/c)2
- | € [0.08,0.64] (GeV /c)? = 2.0t dorr +0.3 nb
8t ' - : 4 i dr ) = (4.6 = 0.550ac 0. 3‘53(5) {GeV/c)2
dOLT + 0.2
6} ¥ - N I I I o (a0 = (022020l 03,,,) wavyep
1 (e)= 0.997
4L <xg>=0.134 ] _ Lop - v ]
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Cross section for v € [6.4, 40] GeV and Q? € [1, 8] GeV? <xz>=0.13 o; rather small .5/



COMPASS 2012-16  Exclusive 1t° production on unpolarized proton

2016 kinematic domain: Cross section for v € [6.4, 40] GeV and Q? € [1, 8] GeV? <xz>=0.13
2012 kinematic domain for comparison: v € [8.5, 28] GeV and Q? € [1, 5] GeV? <xz>=0.10

T T ﬁ T T T T T T
. e 4 = TS i —
= COMPASS preliminary 2| ¥p—oap COMPASS preliminary
st T T ® 2016 data ] o= | ve g5 28 Gev ® 2016 data
Slic ] ] V2012 data (PLB 805 (2020) 135454) RIS 5T g2 [1,5] (GeV/e)? V2012 data (PLB 805 (2020) 135454) |-
o _—— (Malee T , - o » == (oloskokov-Kroll model (2016)
s ’,, 4 Goloskokov-Kroll model (2016) s it € [0.08,0.64] (GeV/e )2 .
= " - v flg)= —|A + Beos(2¢) + C cos(¢)]
e|=15F | ] yYp— 'y 5|94 or' 1
U ) - v € [8.5,28) GeV ~
————— , P e
ull —==—— Q* e [1,5] (GeV/e)? — A
.~ 2" e1,5 g4

- It] € [0.08,0.64] (GeV /e)?

10} - _
S~ arft e,
""'-4_‘- ) X
- DS )
h"""-._- 2 f" \'\\
- o
- ,’.‘. Y
AN T -

I 4 o %
0L ' ' ' ' ' oL ' ' ' ' ' '

0.1 0.2 0.3 0.4 0.5 0.6 3 2 1 0 1 2 3
2| (G(\,V/c)z ¢ (rad)
236{3 datadq L . 2016 data:
(921 +edel) = (810, gmt O|sys) m (dor 4 cdoty — (8740, 5sm %|SYS) W | o | almost as large as
{dj;?) = ( —6.0 = L3sear ™ G710 | GeWC (derr) — ( —6.3+ o.astat 05 lss) {Gewc or+teo. _
(A9UT) (1.4 4 05geat 03 \ ) e 997 ) _ (0.6 + 0.3stac ™t &, |5y5) o =» impact of E;

()= 0.996 (€)= 0.996 o, rather small ¢/



COMPASS 2016

Exclusive 1t° production on unpolarized proton

Evolution of the cross section with v:

T
¥p = a'p
* € [L 8] (GeV/e)?
t| € [0.08,0.64] (GeV/e)*

2016 data
® o 6485 GeV
¥ v e [R5,13.9] GeV

A e [13.9,40.0] GeV

S

; ¥

L & . &

T T
COMPASS preliminary |

04 0.5 06

t| (GeV fc)*

(v) [GeV]

0

@)

N when v /7

L Yp

t| e

(7 € [1,8) (GeV/c)®

T T
COMPASS preliminary
2016 data

® o c (64,85 GeV

¥ e (85, 13.9] GeV

A e [13.9.40.0] GeV

5 T{lI]_]r

[0.08,0.64] (GeV /e)?

1, }
t(g)= ﬂ-A + B cos(2¢) + C cos(¢)]

/’— TH‘I ilir A
Y &
5 -
/ s ’ N
\ / S
¢ s F) %
/ ¥, I A
s
! / 1y

(@?) [Gev?/c?]

(x) (e

v € [6.4,8.5]
v € [8.5,13.9]
v € [13.9,40.0]

7.35
10.32
21.08

2.15
2.50
2.09

0.156 0.999
0.131 0.998
0.057 0.989

=» Extraction of
o;+€0,
Crr
Or

in 3 v bins
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COMPASS 2016

Exclusive ©t° production on unpolarized proton

Evolution of the cross section with Q?: o~ when Q2 7

P : :
= ¥'p—n'p COMPASS preliminary
e = 40r v € [6.4,40] GeV 2016 data
Elle t] € [0.08,0.64] (GeV/e)? ® (Q%c10.15] (GeV/e)?
C 351 B O’ I15. 210 (Gev ey |
- - 2- e [1.5,2.1] (GeV fe)
= Y Q% e[2.1,3.2] (GeV/e)?
Eitm' QI‘\—___l_‘}__{({“n.,rjlJ |
T = A Q% c[3.2,8.0] (GeV/e)
25
201

E 4

0.1 0.2 0.3

(@) [GevZ/c?]

0.5 0.6
| (GeV/c)?

7)

nb

(GeV/

l)(

o
@
> 4 m e

C
(:l

Al

T T
COMPASS preliminary
2016 data

% € L0, 1.5] (GeV/e)?
Q% € [L5,2.1] (GeV/e)*
(7 € [2.1,3.2] (GeV/e)?
Q% € [3.2,80] (GeV/e)?
1 L .
fla)= E_A + B cos(2¢) + C cos(¢)]

T
Yp—
v € [6.4,40) GeV

t| € [0.08,0.64] (GeV/e)?

(V) [GeV]

gy (€)

Q% €[1.0,1.5
Q? € [1.5,2.1]
Q? €[2.1,3.2]

Q? € [3.2,8.0

1.22
1.77
2.58
4.33

10.54
9.81
9.82

10.39

0.072 0.997
0.109 0.997
0.157 0.997
0.247 0.997

=» Extraction of
o;+€0,
Crr
Or

in 4 Q2 bins
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COMPASS 2016 Exclusive ©t° production on unpolarized proton

Evolution of the structure functions with v and Q? E |: ’

T A
= - =
= 4 GLT ] == Af GLT
<) S
T 3 COMPASS preliminary | 1 A 3 COMPASS preliminary | 1
T ® 2016 data EF: ® 2016 data
Sl . Sz .
= 2 o +p = 'y 1 M 2r Vp =y
Q%  [1,8] (GeV/c)? v e [6.4,40] GeV
1r € [0.08,0.64] (GeV/e)? 1 f| € [0.08,0.64] (GeV/e)?
] e EEEREEEEEEE s : 0f----- £ { ------ I ------------- L IR — | 0
o,7 close to
~1t ] ~1t 1
-2 10 15 20 25 30 -2 1 2 3 4 5 6
(¥) (GeV) (@) (GeV/c)
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COMPASS 2016 Exclusive ©t° production on unpolarized proton

Evolution of the structure functions with v and Q2

% S| Botho;+ €0 and o
*3:;;4{,-} o;+ec, | i . :
e . N " | large evolution with v
A f-‘(lh\\ll’_:'::‘aﬁ preliminary | —~ . EU\]I[PL:‘:" preliminary . .
S| s T = | o small evolution with Q2
S s o i[ s oo
o ~30f s I Impact of these data for modeling
1T - . .
. = i E; (and other GPDs) contributions
]
10 15 20 25 30 —90 10 15 20 25 30 at tWISt'3 and NLO
) (GeV) ) (GeV)
50 — .
= B . . .
2% | Cr+€c, | =f . x Recent work on twist-3 contribution
—_ 'OMPASS preliminary — 10} I 'OMPASS preliminary | ~1 A
T ol B R . somswme) G, Duplandi¢, P. Kroll and
;- Cevmer | e | K. Passek-Kumericki, PRD109 (2024)
== t] € [0.08,0.64] (GeV/e)? t| € [0.08,0.64] (GeV/e)?
= ' ' —30 ' '
10 ' (] & 1 Gt
- =0 1 Also S. Golosgokov et al.
N _
1 2 3 1 5 6 0 2 3 4 5 6 S. Liuti et al'

(@%) (GeV/c)’ (@) (GeV/c)’ 20/30



GPDs and Hard Exclusive Meson Production

Factorisation proven only for G,
The meson wave function is

an additional non-perturbative term

Quark contribution
Meson qq

Gluon contribution at the same order in o,

Neutral Vector
Meson qq

For Vector Meson, as p, o, ¢...

-+

chiral-even GPDs: helicity of parton unchanged
Hi(x, &, t) E%x, &, t)
chiral-odd or transversity GPDs: helicity of parton changed

H.?(a:, g, t) (as the transversity TMD)

qu‘ =2 H-Cr7 + Eqr (as the Boer-Mulders TMD)
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comrass> © HEMP with Transversely Polarized Target without RPD

p
4
-

p—)nn'

_l;u<::> _l;d
COMPASS, NPB 865 (2012) 1-20, PLB731 (2014) 19
o 005} | Im(E H)
E5 o ’ - + *
C T e
—0.05¢ a 3
e\ | S S
= 01F - * =
i ﬂ_ﬂﬁi_ :_ _ {m(E+ET)
s) E [ o4 . S P
~—0.05F +
—0.1F . 5 . .
f:_ 0.1 bk gy v *
Tt —— '
—0.05 \ ! ¢ '\—{'\ ‘}
0 005 0.1 2 4 0 02 04
Y5 07 (GeVY®) p2(GeVId)

Sensibility to E and H;

GK model epric42,50,53,59,65,74
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comeass> ' HEMP with Transversely Polarized Target without RD

COMPASS, NPB 865 (2012) 1-20, PLB731 (2014) 19

= 01fF -
o 005} | |  Im(E” H)
“-0.05% + : ‘F—\T\L
gl SEEEESSES S S-S S
0 005 01 2 4 0 02 04
Yg 07 (GeVHc?) pl(GeVc)
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COMPASS 2012-16 exclusive VM production with Unpolarised Target and SDME
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COMPASS 2012 Exclusive p° and ® production on unpolarized proton
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COMPASS 2012 Exclusive p° and ® production on unpolarized proton
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COMPASS 2012 Exclusive p° and ® production on unpolarized proton
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COMPASS 2012 R =g, /o for exclusive p? production
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Transversize size effects of the meson smaller for o, than for o; .



COMPASS 2012

Comparison p° and ® production

Natural (N) to Unatural (U)
Parity Exchange for y; — Vr
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Summary and perspective using 2016 + 2017 data

+ —_
do +do—

v' DVCS and the sum

=>» ¢, and s; and constrain on Im# and Transverse extension of partons

_|_ —_

v DVCS and the difference = 4o —do ™
=» ¢, and constrain on ReJH (>0 as H1 or <0 as HERMES)
for D-term and pressure distribution

v Cross section for TCO

v" Cross section and SDME for p°, o, (I), VAV,

v’ Transversity GPDs
v’ Gluon GPDs
v" Flavor decomposition
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Past and future experiments for DVCS {p— {'py

current DVCS data at colliders:
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COMPASS 12-16 Transverse extention of partons in the sea quark range
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=» nucleon tomography in the gluon domain at HERA

doPVes/dt= eBltl B is related to the transversed size of the scattering object
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COMPASS 2016 Exclusive ©t° production on unpolarized proton
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Comparison p? SDMEs at COMPASS and HERMES
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Fig. 12 Comparison of the 23
SDME:s for exclusive p"
leptoproduction on the proton
extracted in the entire kinematic
regions of the HERMES and
COMPASS experiments. For
HERMES the average kinematic
values are

(Q?) =1.96 {GEVI"L}E,

(W} = 4.8 GeV/c?,

{|z']) = 0.13, while those for
COMPASS are
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(W) = 9.9 GeV/c?,

(p¥) = 0.18 (GeV/c)*. Inner
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uncertainties and outer ones
statistical and systematic
uncertainties added in
quadrature. Unpolarised
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areas

37



