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Physics motivations

We are interested in ;

How are hadrons made up with the partons? ar,

What is the origin of nucleon spin? o
S Momentum

How is the nucleon spin made up with parton’s spin and Distributions

OAMs? (Spin puzzle)

Lo IAY +AG+ L+ L, =
How is the nucleon spin correlated with the motion of
partons? -
What is the relation between Bjorken-x and the transverse

position of the partons? %,

How does the spin influence the position distribution?

=

Wigner Distributions
(x,k,rp)

¥ 3+2D Map

Parton Distribution Functions (x)

1D Map

One of the key concepts to solve the problems is the Generalized Parton Distributions (GPDs)
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Generalized Parton Distributions

GPD is important concept merging the Form Factor (FF) and the PDF

® Form Factor probes transverse
position of partons

S

YN\

=

elastic scattering

® PDF probes longitudinal parton
momentum (Xx)

()
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® GPD provides correlation between x and the position of the partons

4 . )
// Y’ T, p, ®
forward limit gives PDF, / \
x+§,  X-§
H(x,0,0) = q(x) R
————— t BRRRTN
- /
hard exclusive productions
moments of GPDs are ]dxH(x £.6) = Fy(6)
' SH — 11
form factors, e.g.

 impact-parameter ar(x.b1) = 21 : j d2A e~ PrALHf (x,0,—A))
representation: (2m)
1 1
« Ji's sum rule : Jr = Ej dxx|H' (x,0,t - 0) + E/ (x,,t - 0)]
\_ -1
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Deeply Virtual Compton Scattering (DVCS)

DVCS: most simple reaction

perturbative Y in order to study GPDs

------------------------------------------------------------ 4 (chiral-even) GPDs for each
(x+E)P (xE)P quark flavor in LO and leading twist

non-perturbative '
= No Nucleon With Nucleon
small t P’

5 //—\\‘ spin flip spin flip

Hq(x:vg:t) Eq(xngnt)

» — . < AL . — —
q = (pu ppfj. 4-momentum of virtual photon FIQ( g ) q ( 5 )
] 2 . . . xg b t E xj ) t
» (Q° = —qg~: virtual photon virtuality
> t=(pp —pPp/ )2: 4-momentum transfer to nucleon squared
» =: average longitudinal momentum fraction -skewness & = g/ (2-xp) in Bjorken limit
> &: half of longitudinal momentum fraction transfer ((2large & xp, ¢ fixed)

2023/11/26-27 Takahiro lwata, DNP-JPS workshop, Biglrland Hawaii



Transverse imaging and Pressure distribution with GPD

In experiments, GPD is accessed through

transverse imaging  seaquarks Pion Valence
of nucleon and gluons / cloud quarks
Compton Form Factor (CFF): sl [ kT [
GPD L v
CFF convolution hard process ® GPD / i ¢ *‘
\ longitud.
_ 2 + 1 1 _ 1 f “_‘m,.\ ch.c e i
H(E 0T [ drlemi — pf W (6.0 &= oo er e
t, ¢ fixed
i V. D. Burkert™*, L. Elouadrhiri! & F. X. Girod!
with complex integration 15
. - Nature volume 557,
Imaginary part - 396-399 (2018)
JmH (& ) =Xy ef n[H (x = +§,§,0)- H (x = =, &,1)] . e
Real S pressure
eal part +1 1 1 ¢ ° distribution inside
ReH (&, t) = Zesz dx — HY (x,&,t : the proton
€o=) ¢% | L_f x+€] (x,€,) :
f
dispersion relation Confining
+1 1 1 s «—
ReH (& t)=P [ dx {E_x = €+x}f]mi7-[(§, t) + D(t)

0 02 04 06 08 10 12 14 16 18 20
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Quark contribution

Gluon contribution

Hard Exclusive Meson Production (HEMP)

® HEMP is alternatively important in GPD studies
® take account of the meson structure

® HEMP allows to give chiral-odd GPDs
Hy, Er, Ex and E; = 2H; + E7

® Sensitive to gluon GPDs (same order in o)
Diehl, Vinnikov, Pc'hys Lett. B 609 (2005) 286

P ® Provide different flavor combinations for different mesons

Distribution Amplitude:
structure of the meson

® \We look at transverse-spin asymmetries,
spin-density matrix elements for exclusive vector meson
P /s’mm 4 production, and cross section for exclusive n° production
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COMPASS
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COMPASS at CERN

SciFi
Silicon
Micromegas
GEMs E '

MuonWalli
Polarised
solid Target

E/HCAL

o
=
=3

O’ (GeVic)

COMPASS 2000 proton data

(NH; for p,
SLiD for d) *§

S P-id by RICH

Mass (GeV)
P

Pol. \I A s N 4 14
o beam '\ IS R 1.:
fom SPS & x ¥ W
160-200 Ge : RICH 0

two stage spectrometer

pol. = 80%,§
)

tracking, calorimetry, PID
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DVCS measurements @ COMPASS f@%ﬁ

Dedicated data taking for DVCS (and HEMP)

® study exclusive photon production for DVCS

p+p—p +p 4y

® 2012 pilot run for 4 weeks
® Bethe-Heitler(BH) process also gives the same final state

I (k) I' (K" 1 (k) I (k" I (k) 'Y % AnaIyS|S f|n|Shed and pUb“Shed
( it v o L 2016/1
® Longrunsin V4
r 4 Ev
Y ® 2x6 months
N (p) N’ (p') N (p)
N’ (p') \_/

DVCS Bethe-Heitler (BH) 2016+2017 statistics: 9x 2012
® Analysis on going = preliminary results
® 2016 data will be presented in this talk

o(up — p'p'y) = opves + 0BH + Tini
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Dedicated Setup for DVCS & HEMP @ COMPASS Q/

y (vertical)
DCO0 DCO1 DCO4 DCOS
5 5 NN NN oy DWO1 DW04 DWO6
Both u* and p beams ‘/ 0203 05
Polarisation ~ +80% :; DA 7 1 HO04Y1 Y2
Momentum 160 GeV/c  x (ura Sigas s i mmm mmy. N el YGM10 HMO04 GMH
v+ \ v HLo4 HMO5  HIOS
VI01 V001 2 FI08 HLOS
A \
ﬂ ,I ¥ |||= I H . Hl “| E
sio1 0213
FIO1 FI15 F‘Z / T \be
+ startCoduie HO03 .am ,]\
PGO3 FI07 Killer1 f i
MW11 MW12 / / Mw21 22 23
/
ECAL2 HCAL2
. Wl I I D D D D D D B
CAMERA recoil proton detector g 4.9m \\ waaps 26
"""""""""" (_____________________________________) N
surrounding a 2.5m long LH2 target ! ECALO

Shashalyk, 2200 ch.

==

......
-

-

cryos‘cé-t """ 25m 7

=32m  -0.70m ECALO

SciFi04

195m 0.72<z<1.22m |
hole= 60,,x84,cm

~-----------'/
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Access to CFFs @ COMPASS f’@; \
e Cere @ cOuPA 2

opposite charge and spin states for p-beam spin charge

- _ -.BH DVCS DVCS\ /. 1. T I
1GOGeV u'l‘(— & u — {fﬂ— = [rf-fTUU ‘I‘ (“]”L,TU ‘}‘ PI-L{R”LU ) —I_‘:\(i.f";/(dgii'-{f- ‘I‘ PHI'.’]T-(TLU)
[1] beam charge & spin sum
— —
SC‘S,E,-" — ff.(_:r"' -+ do™ =2 ((frTEIE[ — |PH| {:’O%U)
easier, to be done first fzaUDVCS x (Im H)Q st oc Im (F1H)
in the COMPASS kinematics small xz and [t], for proton target (F; > F,)
[2] beam charge & spin difference |
_ . Sk = sin(key,+)
Dospy =dot —do™ =2 (—|P.|doPy® + |e | doty)) BH cancels S
. . i: DVCS/BHII
challenging, but promising l,%_ l,;{ ~ Re (Fl?{)
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2016 data Exclusive photon production

information given by the spectrometer
and also CAMERA

K }-L}

p’ —>7
CAMERA

spectrometer

SPEC
— @
PSPEC

A(p — ¢CAM
APT — PCAM
AZy= ZgAM
M‘Lzmdet = (k + p— k' —

Zlnter
2

I/ !/
q —p)
exclusive events surely selected
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—_— L Spec. 3
Ag = ¢ - ¢ 30% of 2016 Ap_ = pEm] - |
o« COMPASS . + ;' - COMPASS . +
S .oob- I Ll © 500 ‘ L
- + -
o r [} . - o L . u-
® 250 A M H = s00— |
= (p I ‘ = 400 A PT 4
a f . 3
& 200 : =
- T e '
w - ‘ t o
2 150 =
-— = w ]
c [ @ 200~
W o0 ‘ * : | = ‘ .
: : * ' - 100(— .
50— ] .. ..
[ o B L [
qq,...'.' '|'| RN FNTEE R FEEE |'| ....'L"!I .|.|'..'...-|.|.'| ' | vl |.|.|.|.|.|.|.|.|. LI Nl
5 04 D3 02 01 0 01 02 03 04 05 4 03 02 01 D 01 02 03 04
A [rad] ApT [GeVie]
7. = anm. Zinter. ME k+n-k' )2
ALy =Ly -4y indet = (K+P-K'-g"-p
o [  COMPASS . . o soof-  COMPASS +
S ogpl A U e [ . =
E - +++¢ L] H- t;:‘mu— . u-
o_. I o i
> 200 AZA . S Mundet ¢
o T + o
E [ ‘ O a0
= 150_— (Tp]
o ! ¢ S s
- ¢ S 200(— "
1DD_— M ':‘-} .
| : .o 8 I |
C : E
o B 5 F N
o e LY ] .'. ™
C . . B e .
‘u..Jm.n'.'.'l I N N .'.‘.'wl-.!.gm -.-..-.-m'.'*?.'.. NI PR ST l"|+"'|""“
T 0 -5 0 5 10 15 20 & 04 03 02 =01 0 o1 02 03 02 05
AZ, [cm] undet [(GeV/c2F]
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2016 data Charge Spin sum ; ¢ distuributior

=do (;,F) + do (},tj) 30% of 2016 data analyzed

v: virtual photon energy

high v middle v low v
80 < v [GeV] < 144 32 < v [GeV] <80 10 < v [GeV] < 32
4 = 200- - 70f
700[ Fr o "COMPASS preliminary o rCOMPASS preliminary
ot COMPASS preliminary & - o
©  dominant * data o T * data o - DVCS above * daa
= auo_—BH % — MCBH o 1600 + 7] — mcBH o | the BH — MC BH
B C B MC incl. = 8’ 140:_ M MC incl. x° 8: 50} contribution B mc incl. z°
8 00 B MC excl. 0| © C B mc excl. =° o - B mc excl. =°
< § o 4o +
o 400F x; ~0.0085 | & © xg; ~0.020 N . xg; ~0.063
P . Q2 ~1.8 GeV? % R Q% = 2 GeV? P C + Q% = 2 .1GeVP
2 300- y~075 | & 8- y~03 2 %0 y~ 0.1
g S s 0 t
I 40~ 44 :
100} 20, o
__D: IE],_‘||||||||||||||||||||||||||||| U__._.I TR R T
-2 0 2 - 5 0 5
¢ [rad] ¢ [rad] ¢ [rad]
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2016 data DVCS cross section

cancellation
DVCS cross section evaluated from 10 <v <32 GeV data do! o (g{ sin @T*? + C)zz* sin 2 Oa*n)
& — BH DvVCs ‘I/
Scsy =do® +do™ = 2(doPH + oDV 0 — |B,|doT)
/ / cancellation
calculable . o - =
DVCS DV CS DVCS b DVCS 94 | -

(well known) Ao ol o< (< ] COS Oyxry + €5 COS 2¢~~ ) =
[~
) COMPASS preliminary

. . . . > 2 -Blt
® subtract BH contribution and integrating over ¢ g " ;Ge+|(:6 oo o

l I|\HH|

dggif‘p " BII DVCS
‘ = Ao+ (do — do o oy
szdydt [W Py ( ) 0

® cross section for virtual photon

do(vyp — 7p')
dit|
=
I I II\III{

1 (GeV/ic)® < Q2 < 5 (GeVic)
10 GeV < v <32 GeV

oH‘l‘

~ K ’
do7'P 1 Aok
1 L 1 I 1 1 1 1 J 1 1 1 1 | 1 ! 1 1 | L 1 1 L I Il
0.1 0.2 0.3 0.4 0.5

dltl > 1(O%.v. E,) dQ%dvdt |
difg—» 1Q=,v, E,) dQ=dv Itl [(GeVric)? ]
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2012-16 data Transverse extension of partons f@@*

SV ~ (ImH)?
Impact-parameter representation

q(x,by ) =

The DVCS cross section allows to probe

the transverse extension of partons

in COMPASS with xp; = 0.06

s
doPVCS

dt

N\

1

~

J

(bz) _ Jd*bibiq(xby)
= Jd?biq(x,by)

2023/11/26-27

0
= —4alnH(x; O, t) |t=0

B ((GeV/c)?)

[Burkardt, Int. J. Mod. Phys. A18 (2003) 173]

/ +
sea quarks Pion ValeL/
and gluons / cloud , quarks

o xP ”{ —N i
X \
longitud. _ } ‘
“B"\‘i‘-'f_‘-_-'“_:... e s
— e e —
x=0.01 x=01 x=03
8 —_
B —0.6 ¢
[ — — —
— —
7 ; ------- — — — i (E{C\!_|
e s T E T T e mrmeee Prelim. 05V
6 | {. "T .............. — .\:' -y .
5 * * + 0.4
R 4
L COMPASS
2012 (PLB793) >
3 ° COMPASS: <Q%> = 1.8 (GeV/c)>  This Analysis 0.2
B o COMPASS: <Q%> = 1.8 (GeV/c)>  Phys. Lett. B793 (2019) 188 .
2 ¢ ZEUS: <Q% =32 (GeV/c):  JHEP 0905 (2009) 108 -
- A HA1: <@ =4.0 (GeV/c)? }
= v H1- <Q? = 8.0 [GeV/c)2 Eur. Phys. C44 (2005) 1 —0.1
i [ H1: <Q% =10. (GeVic)’  Phys. Lett. B681 (2009) 391 _
0 ||||||| 1 1 ||||||| 1 1 ||||||0
107 107 1072 107"
Xg;/ 2
17
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Transverse-target spin asymmetries for HEMP of p and ! M@*

\J

0 160 GeV/c u* with B, ~ —80%
,Ll p E ,Ll p ,0 /(1) data collected with the standard setup with the polarized target
0 + - - promising
> T T + 0 _

| P CheaiianTl T agreement with
A o | | GPD-GK model
A0 ™ AT - with pion pole

_ asymmetries small, _ snow4,) Ho
Asm (20—0g) * ) . ut * 0

uT compatible with 0, sn(z0-0) gl v

sin (36— 6, except Agr y %O
AUT{W %) —8— P sin(30-6 )

sin 0 ¢ Ay A 0

4ty A =—0. UIEJ-i-U 008=0.003 , |

uT ® = sing

AUT ) . /O\

Ao (0—0) ° i . ] cos(¢-9,) d d

. indication of GPD Ay —*
A(ii); (Z2o—10) | o HT Contribution Aiisqzqa-‘ps) EPJ A50 (2014) 146
Az e A e

I S - reasonable o
-02 =01 0 0.1 0.2 :
(A) agreement with 15 1 05 0 05 1 15
GPD-GK model A
COMPASS NPB 865 (2012)1, PLB731 (2014) 19 COMPASS NPB915 (2017)
2007&10 data for NH3 target 2010 data for NH3 target
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Spin density matrix elements for HEMP of p and ® f@ﬁi
. ——— o

ufp—up p®/w  1606ev/cut withp, ~ T80%

® Spin density matrix elements (SDMEs) describe
how the spin components of the virtual photon are
transferred to the created vector meson

® provide test of s-channel helicity conservation (SCHC) a set of the SDMEs

® Further constraints on GPD parameterization
® Sensitive to chiral-odd GPDs H; and E; do « W(%, D, ¢, COSH)

23 SDMEs in total:

15 unpolarized and 8 polarized
spin state of the vector meson is given unpolariz polariz

by the decay angular distribution
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-
m [ u OM@X
Spin density matrix elements for HEMP of p f//j
T o data collected with the dedicated setup with the H2 target |
e . | e 9 compAss 2012 data
e p® >t T misidentified KK %[ A v 2 B
S T I -
2t peak <0.4 GeV e | . [1]
s interference between i:i;“- B: Interference {—pr &% —pr *| [2]
osf resonant and mel, : e
non-resonant 7 seen Rerd, | = |8l
0 02 04 06 08 i?i'lir:rfﬂ{1(,2(38\1/,,¢:C2) (B-G-B%) =
If SCHC(A, = Ay) holds: N
[1]71=1+Im(r{_;)=0 0.000 + 0.005 +0.003

[2]Re(r1y) +Im(r5p)=0 « 0.011 + 0.002 +0.002
[3]9m(r{y) — Re(rd)=0 < 0.009 + 0.014 +0.028

All other elements should be O

(0%)=2.40(GeV/c)?,
(W)=9.9GeV/c?,
- (PZ) = 0.18(GeV/c)?
Clear deviation of SCHC
possible Interpretation with chiral-odd GPDs:
Hy and E; = 2H; + E7

Goloskokov, Kroll, EPJC 74 (2014) 2725 | | _
2023/11/26-27 Takahiro lwata, DNP-JPS workshop EPJC (2023) 83 924 SDME value




Spin density matrix elements for HEMP of » f/ﬂ%
COMPASS 2012 data \”//

gsso}
:
300—
+ —-0 5o "
— 5 foo | Ay — o .
WM T T bl fe [T ]
Re rfc._ B: Interference - 2
Imrig | wl [ ]
- AT & Samac =

. S Mo
ol A S SRR B e 0 TS
650 700 750 800 850 900
M pig-r0 (MeV/e?)

If SCHC(4, = Ay) holds:
(1] 7i+Im(rZ)=0 —0.010 £+ 0.032 +0.047
[2] Re(1{y) +Im(rf,) =0 0.014 + 0.011 +0.013
[3]9m (17y) — Re(rg))=0 < 0.088 + 0.110 +0.196
All other elements should be O

Clear violation of SCHC
for Rerdy and g,

related to the chiral-odd GPDs T on 0 T o1 02 03 04

Hy and E; = 2H; + Er in the GPD GK model SDME valve
COMPASS EPJC (2021) 81126
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Spin density matrix elements for HEMP of ® f%

w data in comparison with the GPD model

® 1,y is significantly different from the model

® Clear deviation for y; —» w; elements \:ﬁé =
Re rip _n
C: ¥ >VM,

GPD GK model

[Eur. Phys. J. C 74, 2725 (2014), Eur. Phys. J. A 50, 146 (2014)]

® chiral-odd GPDs included
® pion-pole exchange included

® tunned to HERMES results on SDMEs and spin

asymmetries for p and w production

2023/11/26-27

04 i et

loo f

1| —ma

fi-1] T i
Rerjp| B: Interference -
Im r?ﬂ v —VYM & vp = VM, -

- |
e e

) — im m COMPASS
Re rip I & 4 GK model
Im I%g n Rkl

0 .

1| |

foo | 4
Im r?n —‘4—.—0—

o0 * =

;1 L Doyl VM, b

S 1“_
Im ¥4 S
Im r{_4 i

I'$1 i

& } =

1-1 "

"1-1 L E:v;—=VM_; .

M1 | 4
Imr13-1 |||||1‘|||||

-05 -04 -03 -0.2 -0.1 0 0.1 02 03 04 05 06

COMPASS 2012 data \o—//

SDME values

COMPASS EPJC (2021) 81126
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p and ® comparison ; Parity exchange property f@’@*

Parity exchange property

NPE/UPE asymmetry for yr —= V;, Sl Sl A
do',IlyPE — do',Il,JPE 27‘11_1 075F : 075f i orsl 1
o= do}PE + dolPE T1- ok =14 s osf s
p -::25: 025: 0.25
.ppl’OdUCtiOH Do_lllélllilllflsl Du_lllo_lzlllo.ld,' lr')5|||'1|0””1|5'
NPE dominant 0 ((GeV/c)?) P2 ((GeVic)) W (GeV/c?)
« Sensitive to GPDs E, H
o 1 o 1 o 1 NPE
O average value
® o production 03 05T i 05/ $
0f 0r 0
+ NPE~UPE on average Q) Py i ;1 : }
" N~ 0.5} -0.5 05}
e Sensitive also to GPDs E, H
e L e b Iy o v b b 1 PR TR A A TN T A MR
and pion pole B 70 04 02 03 4 8 8 10 12
Q? (GeV/c)? p2 (GeV/c)? W (GeV/c?)
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Exclusive ©° production cross section gomydy

+ 0
H=P — U D T 160 GeVic u* with B, ~ F80%

dor

t =
~ [(Hr)* = o [(Br)|’

/ dt

d’oysp 1 qldot
dtd¢ 2 [ de dor |/ a\|? _ t' =\ |2 COMPASS
dt ‘<H>‘ 4m? ‘<E>‘ <xg>= 0.10
dG'L ¢ closetol
+ ¢ ? ' rf'r'TTT f’-f — 2
dt 16me [(ET)] 2016 data collected with the dedicated
dort setup with the H2 target
+ € cos (2¢) ; .
dt do_LT ee F R.e |:<HT>+(E>:| i\é 60} —+— COMPASS 2016 u* data
YEIIIY dorr at - s [| My, ey
-+ V" 26 (] + (‘) COSs ((f:’} dt 2 50; LEPTO
§ o h LEPTO share: (35 + 10)%
do E 30[— }ﬁ
~A + Bcos(2¢) + C cos , SIDIS B.G.
dtd¢ (2¢) () ol ﬁg (35 +10)%

(GPD): denotes convolution of GPD and DA of the meson
t'" =t — tyin, Where |t,,;| is minimum value of |t|

L, T indices indicate polarization of virtual photon. Double index —interference
Takahiro lwata, DNP-JPS workshop, Biglrland Hawaii
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Exclusive n° production cross section gomydy

+ 0
H=P — U D T 160 GeVic u* with B, ~ F80%

- NEW Oct 2023
“,1: e 2016data COMPASS preliminary Y'p — %'
E; : ¢ (2]{;(1% gata EIP{_B 805 (2020) 135454) [T [8.5, 28] GeV
0 mode @ 1, 5] GeV¥ 2
E _
o 20— L
= .
s 0]
9 I )
10
I ? e
| I I
0 ' — ‘
0.2 0.4 0.6
1l (GeV/c)

Models: GK Kroll Goloskokov EPJC47 (2011)

2023/11/26-27

d*o/dltld¢ [nb (GeV/e)?)

NEW Oct 2023

2016 data COMPASS preliminary
o 2012 data (PLB 805 (2020) 135454)
4 T — GK1] 6 n’],ndcl ¥V E (851528(; G\IE'ZV
< [1, eV 2

i Il € [0.08, 0.64] GeV/?

Y'p — %'

¢ (rad)

Also GGL.: Golstein Gonzalez Liuti PRD91 (2015)
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do/dlfl [nb (GeV/e)?

Exclusive ° production cross section f%

S

ECALO (2016/17) to enlarge the kinematic domain

2016 data in larger v and Q% domain

NEW Oct 2023 In a larger (v, Q%) domain NEW Oct 2023
-+ 20l6data v'p - n'%' r/ { ~ e 2016data \ v'p - 1%’
| COMPASS preliminaw v e [6,4, 40] GeV “':: - COMPASS pre"minary Py [54 40] GeV
15— @ < [1, 8] GeV¥2 | % - 1 8] GeVe2
B @ . — A+Bcos(29) + C cos(¢) — e
i ~ | € [0.08, 0.64] GeV¥/2
— . L 2 — I
- e I S, |
10— = |
L E |
L 1 = |
| ; L
5— T . = I
! )
i e
0 _ : 0 | | |

0.2 0.4 0.6 S 0 )
7l (GeV/e) ¢ (rad)
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Exclusive n° production cross section @

T 0
H=D — U D T 160 GeVic u* with P, ~ F80% @COMPASS <xg>=0.13 | ¢ (6.4, 40] GeV
! ' 2 2
ff;: ~ |(Hr)|* — 8;_2 (Br)[? 0® e [1, 8] Gew,fw2 2
dzc.i'},*p _ 1 [dg]— / from the f|t lr] € [0.08, 0.64] GeV*/
dtdg 2w Ul dt dor (2 =2
¢, d i~ K - 3 KB) JT+EJL>=(69i03tti{)&yt)—nb
ny o] |1°,| |1°,| : -Jsta Osys (GEV/L')Q
dt ”‘r.:-f::r_T - 1;;’?12 |<FT>|2 oTT Ilb c
dorr ' T> = (—4.5 % 0.5stat £ 0.25yst) o= negative
+ €cos(2¢) " i (GeV/e) —> role of E;
OLT nb
do T (006 + 0.25tat = D-]-syst) R TIRY) rather small
+./2€ (14 €)cos () dﬂ < t] > (GeV/c)?
doLT V= p, [(HT>*<E'>] We will determine the evolution with v and Q2
dt 2m

The 2017 data set will still increase the statistics (by a factor 3)
(GPD): denotes convolution of GPD and DA of the meson

t" =t — tyn, Where |t,,;,| is minimum value of |t]

L, T indices indicate polarization of virtual photon. Double index —interference
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Summary and outlook

B GPD is one of the key concepts to solve the problems of the nucleon structure

B COMPASS measurements related to the GPD have been reported.

B The new data for DVCS have been presented(30% of 2016).

B Results of p and w production have been given:
Transverse-target spin asymmetries and SDMEs

B The new data for the cross section for #° exclusive production have been shown
(full of 2016)

B These results are useful to give constraints to GPDs

B More data are being analyzed ( in particular 2017 data)

B HEMP for ¢ (0 and SDMEs); work in progress on 2016 data

B HEMP for ] /y ; feasibility study on going
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Background for excl.-p production
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Background for excl.-o production

SDME
Target spin asymmetry
g
S ol 3000
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g SIDIS B.G. 28% - (from HEPGEN)
150] (from LEPTO) & 2000k SIDIS B.G.
o (from LEPTO)
100 —
2
G 1000}
50 |- ©
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angular distribution corrected by MC angular distribution corrected by MC
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Background for excl.-n° production
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Summary table for GPDs

Quark Polarization
Unpolarized | Longitudinally Polarized Transversely Polarized
(V) (L) (T

ul H 2H, +E, = Er

.. i 3

MNucleon Polarization

T E E Hr'vﬁf'

e 4 chiral-even, 4 chiral-odd (subscript T).
o 2 T-odd (E, ET).
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