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W Parton Distribution

® Form Factprs_(FEs) i nggrahzed Parton Functions (PDFs)
v/ Spatial distribution Distributions (GPDs) o
L ek i v/ Longitudinal momentum
X Momentum distribution v/ Spatial distribution M
¢/ Longitudinal momentum X Spatial distribution
distribution P
GPDs

U Correlates the transverse position to the longitudinal momentum of
the partons and thus provides a-B information of the nucleon



GeneralizedParton Distributions (GPDs) 7
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GeneralizedParton Distributions (GPDs) 7

.o < —> GPDs »— > Dirac FF
O@rmm 3N w PDFs 0 \g/‘ 0 & FormFactors O (afi )Qw "O o
Polarized 6o (0O 0) Pauli FF

U GPDsmbodyboth PDFsand FFs

Provides information on the interesting properties of the nucleon.

U Mapping the transverse plane distribution of parton
U Pressure distribution inside nucleon o) in GeV )
U Angular momentum of parton AR AL ]
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ExclusiveProcess

U Useexclusive processgs g KSNBE Ftf FAYIFE adl S
to access thenuliti-variable dependence of GPDs, and constrain the
GPD parameterization with measurements in various phase space.
U Processes:
A Deeply Virtual Compton Scattering (DVCS)
A Deeply Virtual Meson Production (DVMP)
A Timelike Compton Scattering (TCS)
A Double DVC@®DVCS)
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DVCS DVMP DDVCS



COMPASSEXxperiment
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COMPASSEXxperiment
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COMPASSEXxperimentalSetup
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COMPASSEXxperimentalSetup
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Largeacceptance forward spectrometer
A Precise tracking (350 planes)
SciFi, Silicon, MicroMegas, GEM, MWPC, DC, straw
A PIDc CEDARSRICHcalorimeters, Muon Walls
Various targets:
A Polarized soilétate NH or 6LiD
A Liquid B
A Solidstate nuclear targets
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COMPASSEXxperimentalSetup
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U In early GPD studies, transversel
polarized target was used.

U Polarization reversal by magnetic
field rotation

U 2.5m unpolarized LHarget used
in GPD dedicated runs
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COMPASSSetupfor ExclusiveProcesses
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COMPASSSetupfor ExclusiveProcesses
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COMPASSSetupfor ExclusiveProcesses
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To ensure exclusivity:

EXxclusive Muoproduction
—  Q

CAMERA recoil proton detector
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COMPASSEXxperiment

2014-2015 Drell-Yan, it- -p, T polarized target
2016-2017 DVCS/HEMP/SIDIS, pu* & pu -p, 160 GeV, unpolarized target «
2018 Drell-Yan, it- -p, T polarized target

2002-2004 | DIS & SIDIS, p*-d, 160 GeV, L & T polarized target Study hadron structure with
b | 2005 CERN accelerator shutdown, increase of COMPASS acceptance| complmentary tools:
% 2006 DIS & SIDIS, u*-d, 160 GeV, L polarized target )
; 2007 DIS & SIDIS, u*-p, 160 GeV, L & T polarized target ﬁ u COMPASS hOIdS the record _for the
s | 2008-2009 Hadron spectroscopy & Primakoff reaction, m/K/p beam longestrunning CERN experiment
O | 2010 SIDIS, p*-p, 160 GeV, T polarized target -
& 2011 DIS & SIDIS, p*-p, 200 GeV, L polarized target
é 2012 Primakoff reaction, /K/p beam
= | 2012 pilot run| DVCS/HEMP/SIDIS, u* & pw -p, 160 GeV, unpolarized target «
@)
QO | 2013 CERN accelerator shutdown, LS1
(@
o
o
A
o
o
o
N

2019-2020 CERN accelerator shutdown, LS2 A 2012 pilot runwith 4-week datataking
2021-2022 | SIDIS, p*-d, 160 GeV, T polarized target A 201617 dedicatedrun. 2 x émonths
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Deeply Virtual Compton  Scattering
@ COMPASS



Current DVCS data at colliders:

10 3 —(O ZEUS- total xsec [0 H1- total xsec
- ® ZEUS- do/dt B H1-do/dt 3
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Current DVCS data at fixed targets:
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U The variablesneasuredn the experiment

B, Q4 Xg;~ 2x/(1+X),

t(orqy,) andf (aas gtpenck

DVCSE w=” =

U As the golden channel to access GPDs, DVC.
has been the workhorse for GPD Extraction.
U Itsinterference with the weHunderstood

BetheHeitler process gives access to more
Info.

BH
Process
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DVCSE w=” =

U With LH, target andsmallxgcoverage
A focusesonHat COMPASS

CFFE . GPD, - REAL part Imaginarypart
1os e Dy op o MR gy Ry x
w , Q- W
ReH () =P_ Q 'mw (LB

)
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M. PolyakoyP. Schweitzeint.J.Mod.PhysA33 (2018)
rzp(r) in GeV fm’!

Mapping in the transverse plane
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~smelt_*  dowp
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Azimuthal Dependencef BH & DVCS Vi
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COMPASS2016Preliminary Results s
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Deeply Virtual Meson Production
@ COMPASS



GPDsin DeeplyVirtual MesonProduction “z7
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4 chiratevenGPDshelicity of partonunchanged

Hi(x, X, t) B(x,X, t) A VectorMeson
Hi(x, x, ) B(X,X,t) A PseutdeScalaMeson
+ 4 chiralodd transversity)GPDs: helicity of parton changec

(not possible in DVCS)
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Ability to probe the chirabdd GPDs

Universalityof GPDs, quark flavor filter

In addition to nuclear structure, provide insights into
reactionmechanism.

Additional nonperturbative term from meson wave
function.
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Chiral-odd GPDs

Polarized Proton Unpolarized Proton
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) i 4 GPDs parametrization:

U Chiratodd GPDY) S Hy

A Generalization ofransversitydistribution"Q (&) tensor charge: T.Ledwig, A.Silva, H.C. Kim
A related to the transverse spin structure J deHr (z, €. 1)
A Tensor Charge . transversity PDF: M.Anselmino

Hr(z, £ =0,t=0)=h



Productionon UnpolarizedProton ﬁ“" s

Exclusive*
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At K QS

Theother contributions arisdrom couplingbetween

chiratodd (quarkhelicity flip) GPD4go the twist-3 pion amplitude
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Exclusive® SelectiommndBackgroundEstimation

U Exclusivity ensured by cuts erclusivity variablesimilar to DVCS.
U Background fraction determined by fitting the exclusivity variables with Monte Carlo simulations
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201216 Exclusive* Prod. Comparison
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New 2016 Exclusive“

CrosssectionEvolution with ’
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New 2016 Exclusive* CrosssectionEvolution with U

U Cross section decreases with increasing
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New 2016 Evolution of the Structure Functions

—_ - — ) '
Q T e e <
== 2| . al=
= v 5 -
\‘,:/ COMPASS preliminary T_l{] E COMPASS preliminary "":/ 3 COMPASS preliminary | 1
E|= 20 ® 2016 data E = ® 2016 data Sl 2016 data
== o, S= _ 0t S |=
T YpoTPp =L 90 YpoTPp =" 2 ® +p =y
El= 20 Q* € [1.8] (GeV/e)? | Q* € [1.8] (GeV/c)* Q? & [L.§] (GeV/c)?
== i [¢] € [0.08,0.64] (GeV/e)? [¢] € [0.08,0.64] (GeV/e)? 1 It] € [0.08,0.64] (GeV/e)? T
—30 ]
10} o} ] Sttt SLEEEEEL LT LR L ks 3
T
—40F
* -1
e
10 15 20 25 30 —0 10 15 20 25 30 -2 T T 5 30
(v} (GeV) (v} (GeV) (V) (GeV)
— 50 . r . — . . . — 5 - -
Q N St Q
2% Ort€0, e : . 3z 4 Our
= = E =
T COMPASS preliminary “;_‘:/7“] I COMPASS preliminary ‘5::/ 3 COMPASS preliminary
g1= 30+t ® 2016 data o Ee ® 2016 data gl= 2016 data
= |= B (= = .
¥ Tp— Ay =L a0t ¥p—a'p =L 2 vp ety
“l= 20 v € [6.4.40] GeV v € [6.4.40] GeV v € [6.4,40] GeV
gl? - t| € [0.08,0.64] (GeV/c)? t| € [0.08,0.64] (GeV/c)? Ly |t € [0.08,0.64) (GeV/c)?
i —301 ] E l
101 (] ¥ . GTT Op===-"[--" I -------------------------------
= =40t ]
_l L
L2 2
| L | L L _r L . L L
1 2 3 I 5 6 " 1 2 3 1 D 6 2 1 2 4 5 6
() (GeV /Je)* (%) (GeV /e)? (Q%) (GeV /e)?
For both, [, and, , consistent with O
A Relatively larger evolution ih, smaller inl
\. J

38



2007& 2010HEMP with TransverselyPolarizedTarget 4

ey
— 4
—
—
—

COMPASSIPB865(2012) 120, PLB731 (2014) 19 o o i o
U9EOf dzarAgdAue SyadzZNBR 0«

7 O 11 11
< _><1o3
0O —=-0 -0 -07 3 l + data
A o AT #H —+ weighted MC

N

z Ol ;- 3 S
| C [ L

= 0.05F u c -~

= - ; ; R n

ooy | T 3

~0.1E | I S —

U Sensibility toOand O
GK Model EPJC 42, 50, 53, 59, 65, 74,



