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The CLAS12 physics program

« Experiments at Jefferson Lab are generating the
most comprehensive and the most precise data
ever on the internal substructure of nucleons and
nuclei.

« The 3D quark structure of the nucleon and N*
states— from form factors and PDFs to GPDs and
TMDs

« The quark/gluon orbital momentum contribution to
the proton’s spin

« Quark confinement and the role of the glue in
meson and baryon spectroscopy

« Search for physics beyond the standard model of
particle physics
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CLAS12

Central Detector: »
- SOLENQOID magnet

- Barrel Silicon Tracker

Solenoid

- Micromegas

- Neutron detector
- Central Time-of-Flight
Forward Detector:

Beamline
- TORUS magnet ,
- HT Cherenkov Counter
- Drift chamber system

- LT Cherenkov Counter
- RICH detector
- Forward ToF System

- Preshower calorimeter
- E.M. calorimeter (EC)
Forward Tagger (FD)
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Ring Imagine Cherenkov Counter E%])

Radiator: Aerogel tiles, Photon detectors: MAPMTs

y (cm)

50

RICH photo matrix, 391
.. MAPMT 25,000 channels

384 455 01 1367 1348 1420 1514 1441 1542 1264 1022 1171 1020 86

640 563 953 1043351 1170 1145 1234 1314 1239 1055 1114 1155 1293 2187 1309 853 1166 961 7

681 771 1038 1101 1288 1886 125 50 1259 1532 1237 1447 1117 1370 1333 1880 1417 1033 1030 984 871 769 956 1100 676

721 736 s1a s33 1060 1437 1363 1014 1473 1368 1433 1069 1
788 800 1145945 1129 1300 1163 1332 1234 1353 1407 1618 1121 13

642 730 365 1236 1567 1230 1453 1612 1394 1267 1395 1426 1404 1320 1269

701 861 1060 1002 1450 1

7 w18 127 143 113 1386 1205 1580 1176 1521 1505 1316 1053 97

1321 1286 1131 698 778 644

y (cm)

722 a1 1189 1074 1463 1517 1324 1253 1389 1905 1406 1432 1083 1061 1002 1014 692 763

50

680 8 1550 140: 08 1106 1218 938 715 647

635 3085 9 1414 1434 1144 1159 1048 1564 1260 1550 1377 1258 1245 1259 876 914

2 1267 1613 186 15 314 5519 80
715 1144 4608 1213 1486 1175 1412 1533 1443 1331 1407 1254 1013 710 711

708 ss2 132t s

660 818 11

w0 s e e 0

691 1341 1333 1487 320 1482 1074 913 772

RICH Scalers

9 1354 1201 1096 578 78

PMT Averages =
(Hz)

S11 711 945 1136 1146 1255 1176 1144 830 757 804
645 611 977 356 1056 1067 1087 803 751 519
# Fibers Connected: 594 788 518 810 833 660 690 7
463 655 710 681 708 604

701 523

o 20

Average Rate (Hz)

100 120 140 160

391 HAMAMATSU 8x8 MAPMTs
25,000 channels were calibrated using laser stand
RICH is using equalized gains for each pixel at 1000V

CLAS12 event
P=4.3 GeV/c
FTOF PID -

RICH PID -1t

© (mrad)



CLAS12 trigger

* Inclusive electron scattering trigger
High Threshold Cherenkov Counter
Drift Chambers track reconstruction
Electromagnetic calorimeter

* Photoproduction trigger (FT trigger)

Forward Tagger (FT) and Hodoscope, cluster funding is
used to determine the electron energy and coordinate

Charge particles in the Forward and Central Detectors.
* “Muon” trigger

Select events with two muons detected in the Forward
Detectors ONLY. This trigger does not require to detect
scattered electron.



Event based triggers Hcgﬁ
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CLAS12

* Collaboration
—More than 195 members
— 43 Institutions
—9 countries

« Experimental program
—41 approved proposals

Targets
— Proton, deuteron and nuclei
— Unpolarized, longitudinally and transversally polarized
— Solid, liquid and gas
beam:
— highly polarized electron beam
— linearly polarized quasi-real photons
final states: inclusive, semi-inclusive and exclusive

luminosity up to 103% cm-2s-1
* 11 Run Groups
* 10 years of approved data taking
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CLAS12 Data Taking

6 S
» First commissioning run (KPP) in February 2017 5 2.2 GeV |
* Engineering run in December 2017-February 2018 é:
= Physics data taking start in February 2018: S, 18
—Run Group A: L RN
* 13 experiments 86 08 10 12 14 16 18
- 10.2-10.6 GeV polarized electrons _ v(eev
« Liquid-hydrogen target 4o 2¢  6.5GeV
« ~300 mC, ~50% of approved beam time 2 P
—Run Group K: AN
- 3 experiments of I
* 6.5, 7.5 GeV polarized electrons 23
« Liquid-hydrogen target 00 15 20 25 30 35
« ~45 mC, ~12% of approved beam time L WG
—Run Group B: soF _ 10.6 GeV |
« 7 experiments -2;: £ |
* 10.2-10.5 GeV polarized electrons 3isp _f:
« Liquid-deuterium target Onp 5 832
« ~84 mC, ~24% of approved beam time | A

10 15 20 25 30 35 40 45
W (GeV)
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CLAS12 Kinematics

Beam energy at 10.6 GeV Torus current 3770 A, electrons in-bending,
Solenoid magnet at 2416 A.

p(e,e’ )X
14 - - ' —_— 14} - ~ —
L ___@max o : . L. ' e
12:— ________-,-'-.- - .t i 12:‘ : . 1»-“_. Z-Ir.} T mlnlmuml
' : : S .. energy E 102
5 threshold:
80 02 04 06 08 10 12" 8o 10 20 30 a0 "
X W (GeV)

Plots based on 100 min. of data taking

<>
10 clas



Event Reconstruction and PID

o

9t | | | | | | | -
8F 1
£ oYy _
w6k reconstruction |
‘g‘ sE from Forward
St Calorimeter
3E 0~11.5 MeV |
1F :
0 :l 1 I 1 1 1 1 I 11 1 | | Ll L 1 I 1 Ll 1 I 11 1 1 I L1 11 1 1
0 50 100 150 200 250 300 350 400
Two photon invariant mass (MeV)
400+ ;
3502_ n T —YY . | o.csoE s
s00E reconstruction _ 050F 3
8.t from Forward :
c 250 0.40
= Tagger :
O 200} _ a [
O 0~5.2 MeV 1 0-30}
150 - 1 :
1001 0.20{
50F 0.10
o S B R M il e s -
00 50 100 150 200 250 30C , 0-000' "'

Two photon invariant mass (MeV)



RGA - p(e,e’)X, p(e,e’n*)X

E=10.6 GeV p(e’er)x p(e’e'ﬂ;"')x

1200 s00f Peak @ 0.968 GeV
35000 - F Peak & 0.971 GeV 450 o @ 0.046 GeV
1000 i 00k
- o @ 0.067 GeV
o sool 50~
I~ 300/
30000~ -
~ 400}~ aop |
L 150E
I~ 2001~ 100
- sopy ) T
B =55 08 0B 1 12 14 16 18 2
C winclusiveS4 pipMssingMassS4
B . oo Peak © 0.989 GeV
200 peak & 0.970 GeV i
20000 , » & 0otecev
- 1000 o @ 0.059 GeV s0ot
L B0} a00F
150001~ = =
C 00 h 200 VLI, 1J'|_,,4’L-\ .
L - E
L 1001 ~
10000_ d L L L s L
j 08 08 1 12 14 16 18 2
- winclusiveSs pipMissingMassS6
- e00f~ [ Peak @ 0.960 GeV
1200~  Peak & 0.959 GeV F
5000 B F 500k o & 0.045 GeV
L w000l © @ 0.058 GeV
L BO0
OIIII [ NS RS NS RS RN R (| 800~
0 05 1 15 2 25 3 35 4 45 5
W, GeV 2oof-
0
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DVCS

Deeply Virtual Compton Scattering

» GPDs appear in the DVCS amplitude
through Compton Form Factors (CFF)
such as:

1
H:/_lﬂ(wyfyt)(g_;_ie_§+;—ie)d$

t=@p-p)

DVCS at leading order

Generalized Partons Distributions (GPDs)

= Tomography of the nucleon
= Contribution of quark orbital angular momentum to the proton spin
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Exclusivity Cuts

Final state with: ] 1 e 00
» High energy electron ) .
= High energy photon 2 :
= Proton !
u Qz > 1 GeV 2 RENNT) o Gevn 0.10 " oo .
MM(ep->epyX)~ (GeV MM(ep->epyX)~ (GeV
2 2 20 = mean 0.
. W > 4 Gev 5 0 sigmag.:gz
8
[l [l 10 # M|
Selection of exclusive DVCS events: . 4 )
- . 2
= Missing mass ep - epyX e S i e
- Missing energy ep N ep‘yX issing Energy € 6 issing nfrg)’ e
= Cone angle: angle between ¢ 1
measured and exclusive missing  + —>;
2
photon : n
12 3 4 5 61 778 LEENE Photon cone anle @)+ |
¥ contamination ep — epn® - epyy :
: Before After
= Different methods have been N .
implemented exclusivity cuts exclusivity cuts
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Beam-spin asymmetry

Preliminary asymmetry:

A = INY@)-NT($)
LU™ pN*()+N- ()

P polarization

number of events

NT /N~ . =
with helicity + / -

= Background not yet subtracted

* |ntegrated over all kinematic domain
(average Q% = 2.5 GeV ? , x5z = 0.22)

15

Raw Beam-Spin Asymmetry ep— epy

: <40
0.2:— CIQS“

Q? vs xB after exclusivity cuts

0 | 60 | 120 | 180 | 240 3NN RAN

¢(*)

1000




Gravity and Mechanical properties

Vector r
EIectro

magnetlsm

Deeply virtual Compton scattering

Probing the proton

Qp tp

U'(K)

Tensor I(k)

M, ], D,

PCAC ga 8p

Weak
interaction

The DVCS process mimics graviton-proton coupling with many orders of
magnitude higher rate that makes the experiments feasible.

16

p
G
- Gp=>p
p
\ P
Y
YYp=>p
Yv
A p
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Pressure Distribution inside the Proton

-’E i mmm  World data
= 0.015F 1 CLASdata
E . BN CLAS12 proj.
E i REPULSIVE

£ 00 PRESSURE

0.005

Repulsive pressure near center
p(r=0) = 10% Pa

Confining pressure atr > 0.6 fm CONFINING

PRESSURE

(in xQSM due to the pion field) ‘
: 0 101'21 | Io‘l4l | lol‘él 1 Iol'81 11 111 1 111'2l | l1l.4l 1 I1l‘6l | I1l.81 | 12
Atmospheric pressure: 10° Pa r(fm)
Pressure ;I:;lie<C(il(;§(:rl;Zf neutron V.B., L. Elouadrhiri, EX. Girod
— Nature 557 (2018) no.7705, 396-399
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Run Group-K Questions to address

e The N* spectrum: what is the role of glue?
—>  Search for new baryon states

E12-16-010

e How do massless quarks acquire mass?
——3 Maeasure the Q? dependence of electrocoupling amplitudes

E12-16-010A

e How is color confinement realized in the force and pressure distributions
and stabilize nucleons?
———>  Study GPDs and their moments from DVCS

E12-16-0108B
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Run Group-K: Data taking o -pec20:

* 3 experiments

E12-16-010 A search for hybrid baryons in Hall B with CLAS12 N Polarized eIectrons on Liquid-hydrogen target

E12-16-010A Nucleon resonances in excl. KY electroproduction

E12-16-010B | DVCS with CLAS12 at 6.6 and 8.8 GeV *  Torus setting: Negatives out-bending
7.5 GeV 35 nA H, e in CLAS or (e in FT + 1 Fwd Hadron) 35G
7.5 GeV 45 nA LH, e in CLAS — pre-scaled or (e in FT + 1 Fwd Hadron 4.3 G
6.5 GeV 60 nA LH, e in CLAS 7.8G
Q~45mC = 7% of
Expected 648mC COLLECTED
EVENTS
15.6x10°
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RGK: Electron Scattering & PID
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Run Group B: Deuterium Target

" 7 experiments:

Experiment number
E12-07-104
E12-09-007(a)

E12-09-008
E12-11-003

E12-09-008(b)
E12-09-008(a)

E12-11-003(b)

Title

Neutron magnetic form factor

Study of partonic distributions in
SIDIS kaon production

Boer-Mulders asymmetry in K
SIDIS

Deeply Virtual Compton Scattering
on the Neutron

Collinear nucleon structure at twist-
3

In medium structure functions,
SRC, and the EMC effect

Study of J/y photoproduction off
deuteron

" 7 PhD theses in progress:

K. Price (IPN Orsay)
P. Naidoo (Glasgow)
Student from Yerevan
E. P. Segarra (MIT)
R. C. Torres (MIT)

C. Fogler (ODU)

B. Tumeo (USC)

L. Basheen (FIU)

A-, 30 days
A-, 56 days

A-, 56 days

A (high impact), 90 days
RG experiment

RG experiment

RG experiment

nDVCS

Exclusive ° on neutron
Jiy

BAND experiment
BAND experiment
BAND experiment

Jiy

GMn

Run schedule 50% of
6/02 — 25/03 (completed) approved PAC
1/11 — 19/12 (upcoming) days

Rating/approved days Setup

LD2 target

LD2 target, RICH

LD2 target, RICH, half time with
reversed torus polarity

LD2 target, FT

LD2 target, RICH, half time with
reversed torus polarity

LD2 target, BAND

LD2 target, FT
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CND beta

Central Neutron Detector

o
o

CND beta

o
o

From RG-B Run 6489

e e e e e e ey (] A S

. - ok o
0 5 10 15 20 25 30 35 40
CND energy (MeV)

Highlights from Run Group B

Specifications

Plastic scintillator

3 radial layers, total ~10 cm
Angular coverage 40° < 8 <120°
Azimuthal coverage 21T

Neutron detection efficiency ~10%

CND beta vs energy for neutral hits

RS Photons

Neutrons!

Background (reproduced by MC)

P S S S S S O S o
5 10 15 20 25 30 35 40

CND energy (MeV)
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Kinematic Coverage & Calibration
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14

Q2 (GeV2)
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Good kaon bump and
deuterium peak
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Monitoring plots from run 6489
(about 2 hours of data)
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RGB: nDVCS Analysis

* Runs 6164, 6215, 6240, 6289, 6310, 6489, COATJAVA 5.9.0

e PID: electron neutron gamma detected (EB)

* Kinematic cuts: Q2>1 GeV?, p(e)>1 GeV, g(e)>5.5°, p(n)>0.35 GeV

*  Preliminary « spectator » and « DVCS » cuts on MM?(eng), missing energy, missing momentum, E;>2 GeV
e nDVCS+BH simulation: GENEPI + GEMC 4.3.0 + COATJAVA 5.9.0

© 120

nDVCS + BH simulation

B (Sevea)
=

RGB data j{

100

—

K,‘AIAI_“IAI._.IAIA_IJ

08

i3

=
3
'"III'”_I_I_
g e

04

=
_'_
—-

&

l | | | | | N :_ W‘ J+q»‘.|.l _HJ ] ik 1 J\Hﬁ
(] K il Ll Ll Ll Il | ! E | y
0 20 w ‘n w Im 1m it "hliw 0 B ) - I 1L | i 1 I Lll1+Et 1 d‘j{tt;ll.l ﬁ-Hj.P;:H li"tﬁ++-;d?:‘i-l 11 I L1 I
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Experimental Studies on DVMP and Transversity GPDs

* 0
——"p = p(7 /n)
« CLASG6 n%n out of proton

 Hall-A n?, Rosenbluth o, /ot separation

« Hall-A n? out of neutron
« COMPASS =% with muon beam

Q? [GeV?

44444

500
3 ,J\
< 250 V\\ <+
300
5 ol M I
1 N N
250 300)
M 100
T —— :
t [Gev?) S i
ar e — = N
0 ~ 2
,,,,,,,
100 p r\\
i b NS
i = +
o0 Lm0~
so0f; ) %\\ ﬁ\\ i
L\\ /\ oo T :
r\\ T T T
i - ‘ ‘
0.15 0.20 0. 0.30 .3 0.48 0.5¢
XB

e >(nb (GeVic)?)
5 o 3 ¥

o o

do(y*p—n’p)

(

) (nb (GeV/c)?)

do(y*p-np)
ditide

(

w
<}
T

COMPASS

e Data
a GK2011
v GK2016

:

0.1 0.2 0.3 0.4 05 0.6
1l (GeV/c)?

\ 10i

201 a

[0.08, 0.64]

o Data
a GK2011
v GK2016

nbarn.GeV2

n
o
o
o

1500

1000

500

L (ub/GeV?)

do
dt

L (ub/GeV?)

dt

oL

do,

-+ n(e,e'7%n
= dle,e'n’)d

HALL-A

b - (GEV?)

o, (red circles) and 6, (blue triangle) for Q°=1.5 GeV? x;=0.36

g

0 T l
[0 | ) | | | |
0.02 0.04 0.06 0.08 0.1 012
t,.t (Gev?)
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26 :
Generalized Parton wort/d N\ et
Distributions — D —

— T e

(1+&)P* (I-g) P*

« GPDs are the functions of three kinematic
variables: x, £ and t

* There are 4 chiral even GPDs where partons
do not flip helicity H, H, E, E

* 4 chiral odd GPDs flip the parton helicity
HT, H, ET, E-,

* The chiral-odd GPDs are difficult to access
since subprocesses with quark helicity-flip are
suppressed
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Chiral-odd GPDs

* Very little known about the chiral-odd GPDs

* Anomalous tensor magnetic moment

H,T=/ dr Er(z,&,t =0)
—1
* (Compare with anomalous magnetic moment)

+1
HJZS/ dr E(z,&,t=0) = Fa(t =0)

» Transversity: distribution H(2,0,0) = hd(x)

SORG

The transversity describes the distribution of transversely polarized
quarks in a transversely polarized nucleon



week ending

D9, 112001 (2012) PHYSICAL REVIEW LETTERS 14 SEPTEMBER 2012

Measurement of Exclusive 77 Electroproduction Structure Functions and their Relationship
to Transverse Generalized Parton Distributions

I. Bedlinskiy,22 V Kubarovsk){,:25 30.g, Niccolai,21 P Stoler,‘m I_( P. Adhikari,zg_M. Aghasyan,'g_ M J. Amaryan,i9

* The measured cross section of n° electroproduction is much larger
than expected from leading-twist handbag calculation. This means that

the contribution of the longitudinal cross section G| is small in comparison
with o1.The same conclusion can be made in a almost model independent
way from the comparison of the cross sections 6, 611 and o|1.

* The data appear to confirm the expectation that pseudoscalar and,
in particular, 7° electroproduction is a uniquely sensitive process to
access the transversity GPDs E; and Hr.
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Rosenbluth separation ¢; and o,

Hall-A Jefferson Lab

o, (red circles) and o, (blue triangle) for Q°=1.5 GeV? x=0.36

GeV?

nbarn

Ot

1000—

[ 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
0.02 0.04 0.06 0.08 0.1 0.12

- % 1200~
2000= € 1000
) - £ -
- + + £ 1000f——
1000
- < E
o s 8001
N 600— +

Q2=1.5 Ge\? a00f- Q2=].75 GeV?

L 200
500— -———- - —————

E R ] OE—+
oL| £ ; 7 -t

o, (red circles) and o, (blue triangle) for Q°=1.75 GeV? x;=0.36

L L L L1 L1 L1
0.08 0.1 0.12 0.14 0.16

L 1(GoV?) T (@ev?)
o; (red circles) and o, (blue triangle) for Q?=2 GeV? x=0.36
e * Experimental proof that the transverse
FL———— 3 —+F ° cross section is dominant!
4005_ * |t opens the direct way to study the

200

-200—

o L e e L
0.04 0.06 0.08 0.1 012
t..t(Gev?)

Hall-A, Phys.Rev.Lett. 1 17,262001(2016)

? Q%=2.0 GeV? transversity GPDs in pseudoscalar
- exclusive production
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¥ Structure Functions
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n Structure Functions

(or+€0L) o1 Our

y'p— pn

4.6

cg' C’g 250F 200
@]
(3 5125-\i\ 0 \i\
= : -150 |
?3 40 1= :§ olbetba. | 200
S o1 e
¥ f—'{ f
35 — -125} -150 ‘ ‘
0 OI.5 1 1{5 2 200 \\l
¢ [GeV?] o D
® o1 + €0y, L I
3.0 =0 200 10— T2
! AorT 0 \M- . L\‘.\k._ :
q q , T r o’
"/xiL'IH :’1/(.)[. e o5 L 200 -150 ) .
%17’:(1/ 3 \ . \&
(z+ &P, (z—=&P O\L f&: . b: H \r_;_’? E%
1z
150 F—r ‘ ‘ ‘
20 = 200 \ 1T 2
a<op (1-op S AR \\i
C Goloskokov. Kroll'® 150 | ]| Data: |.Bedlinskiy et al. (CLAS)
rves: r
urves:Laoloskoxov, Rrofll - 1h k. Phys. Rev. C 95, 035202 (2017)
Transversity GPD model %% ’
‘ ‘ | | | |
1.0
0.10 0.15 020 025 0.30 0.38 0.48 0.58

XB




32

Comparison ©f/n

160 |

100 F

300

-60 [

5 250
cSU 200
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GLT 0
oo |
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| I
1
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®

g =

H\?

THNE FETE PR N
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[N P PR PP T
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* o7 drops by a factor of 10

* oy=o7teo drops by a factor of 2.5 for n

+ The GK GPD model (curves) follows the experimental data

+ The statement about the ability of transversity GPD model to describe the pseudoscalar
electroproduction becomes more solid with the inclusion of n data

CLAS-Phys.Rev.C95(2017)
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Structure functions and GPDs

dor 4Amo p3 t/

[(1 &) [(Hp)? —

dt 2k’ QB 8m
dG'TT . 4Tt [133
dt = kK Q816m 3 [(Bn)[”

Goloskokoyv, Kroll
Transversity GPD model

k' Q®°16m? doTy

S1(Bn) ]

LLLLLI‘ ‘ﬂ- [),...
(x+ &P

—-§P

1+&P (1-¢P

1
(Hr)= S» / dzM (x, €, Q% N) Hr(x, £, 1)
-1

1
(Er)=2x / deM (z,& Q% N Ex(z, &, t)
-1

= 2

E ™M —

[(Er)™| Ara p?  t dt

e B (ko
Ara p? 1 — €2 | dt dt

In the approximation of the transversity GPDs

dominance, that is supported by Jlab data, 6 <<ot

we have direct access to the generalized form
factors for m and n production.

The brackets <F> denote the
convolution of the elementary
process with the GPD F
(generalized form factors)

ET=2F|T+ ET
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<H.>|? and |<E>|? t-distributions

do
dt

bt

Fit by exponential
function looks
reasonable
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<H;> and <E;> parametrization

4(7
dQQdeletdqbw =T(Q% w5, E)%("T + €0, + €05 2¢x07T + 1/ 2€(1 + €) cos $roLT)
47'('0(6 Iu2 5 . t/ 3 )
p— (U 1 _ H - E
or P Q4[( §°)|(Hr)] - (ET)|7]
o, p2 t | -
orr = ——t 2T |(Ep)|’

2k Q4 8m2

ET(t’xB7 QQ) _ NE ) e(ozE—I—BE log(zg))t | Q’YE
Hr(t, g, QQ) — Ny - o+ log(zp))t | Q"

* t-slope parameter is a function of x_B

* Q2 dependence reflects the dependence
of the formfactors on Q2

* The parameters were used in the fit of
experimental observables — cross sections
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Quality of the fit
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Contributions of Hrand Fto 0T
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COM PASS arXiv:1903.12030, 28 Mar,2019

* 160 GeV/c polarized pu* and p~ beams of the CERN SPS
* Data taken in 2012, within 4 weeks

¢ <Q2>=2.0 GeV?

« <xB>=0.093

o <-t>=0.256 GeV?

e 0.08 GeV2<lil <0.64 GeV?
e 1GeV2<Q2<5 GeV?
e 85GeV<v<?28 GeV
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o=l
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COMPASS-Jlab comparison

NI i

.
e . :

+ <Q2>=2.0 GeV?
e <xB>=0.093

¢ <-t>=0.256 GeV?
e <vw=[12.8 GeV

do/dt [nb/GeV

CLAS 2000 points

o
—
>

I
-250 I 11
COMPASS data S — m——
0 X —t [GeV?]
(5 points) CLAS structure functions (VK)

< 30 [  Dam 30— 40 3

ST _F T e s GK2011 or

GK201 | -2/ N G v akzote

g 20 F N N 20!} 4 30 [

2 ™ 25 [ ir

oy - [ ]

;\15 — } N

GK2016 _a} T } ~ 2 s L

o 10 A 10

% _ - i 15 b

Q-: 5 10
o ¢ . m ol

[&) ol b e e e | 5
© 0 01 02 03 04 05 0.6 [0.08,0.64] \

~ Il (GeV/c)? 05 : 4 )

—— o Data
O S S TP 4 GK2011
------ v GK2016

O a4 N W » 0 o
[T ([T T[T TTTT[TTTT

L L L
2 0 2

2 * 0
( d G(gl tﬁ’d_;“ P) ) (nb (GeV/c)?)

¢ (rad)
* Factor of two difference between GK201 | and GK2016
* Factor of two difference between COMPAS and CLAS
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GK2011 and CLAS6 model

GK201 1

" CLAS6 model (VK)

(

GK2016

do(y*p—np)
il
(@)]
I
o

0 0.1 0.2 03 04 05 0.6
It (GeV/c)?

(
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Integrated cross section

« Compass has huge Q2(1-5 GeV? bin and xg bin

« Itis not clear how this group calculated the
kinematics in which they reported the differential

Cross section
LTmazxz do-
o :/ —dx
do

E(z) — O-/(-Tmaac — xmin)
T =777

There are different method how to

estimate the point where you will report
the cross section

® T.,= (wmin + xmam)/2

¢ Ty = [T g 2y /o

LTmin

° Z—Z(fﬂ = 0/(Tmaz — Tmin)
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%, = f;’:? z-9dz/o

Z_(;(«fl) — 0-/<xmax - xmzn)

L il I W IR NI N T W N N N
0 01 02 03 04 05 06 07 08 09 1

‘ x In this simple example the systematic

0 |

error connected with the estimation of

- 5 the kinematic point is as much as 25%
Te = (Tmin + Tmaz)/ and cross section 60%



x,=(0.07 0.08 0.09 0.093) Q2=2 GeV?

40 ¢ XB=0.09 :g f 682:28?5

4 S - 093

30 | xg=.09 | [ Xe™

” s ¢ Reported xg =0.93 and Q2=2
|t . +

15 } 10

5 * . i
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Q2=(2.0 2.1 2.2 2.3) xB=0.093

40 ¢
35§
30 f

25
20
15
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40 ¢
35§

XB=0.093
Q2=2.

XB=0.093
Q02=2.2

XB=0.093
Q2=2.1

XB=0.093
02=2.5
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Conclusion

« Compass released n' structure functions after 7 years
of data analysis (data taken 2012)

« Compass published 5 experimental point for the
structure function d(oct+ec,)/dt as a function of t in the
kinematics closed to published CLAS data (2000

Kinematic points).

* The comparison with the GPD model presented factor
of two discrepancy with the extrapolated from the
CLAS structure functions.

« However, the integrated bin sizes in Q% and xg are so
large that the kinematics in which COMPASS reported
structure functions has to have significant systematic
error. It is early to talk about this discrepancy



Er(z,t,§) fit results

Data

« CLAS n%n

 Hall-A r0

« Er(x,t,€) parameters only

¢ F|t ONLY OT1T data

o p2 t -,
_ s 1D
oTT = = = o 23 [(E7)]




GPDs parameters

B (@ 6,6) = N* bch —:E€

4 .
B(a,1,6) = N*- " S DL 2. 6)
J=0

3

D(Zv X, f) —

so-aeion (8 (2

+¢ 1+ —x1

263(1+i—k)(2+i—k)(3+i— k)
24+1—k . 24+1—k
2+i—k
) )}

{(¢° — =)

D(i7$a£ — O) = jS_k(l _ m)S
k=oag+a't
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E=0 Limit

):Nd-x_%(l—a:)

u

4€(b“ —a'" In(x))t

56(bd—a'u In(x))t
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E=0 Limit

Er(z,t,8) =

E7(z,t,€) =

ubuzc _xé-

d

bd

4

cd D(§ x,§)

7=0
\I/'-\

EX(xz,t,& = 0)

-
ES(x,t, £ =0) =

T

o -

wu
O‘o

- N\ 7"\
) @)

“n«n))t
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Fit Parameters

VO p5 V2 pé
Model

1476 4880 1590 [19.89 36 " c.83

b 033 -140 049
oL 005 =03 -0.08

oy =0.45 1.024 0395 [NOHEHINGEN o
N 290 6165 3243 | 3410 | I88 5.5
b 333 060 356 [F093NN04T o5

0l -0.05 =0.3 -0.08

o'd =0.45 1.024 0395 2NN

|

Suspicious fit Best fit
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Er(z,t,& =0) 4 versions

2019/09/03 16.46

u-quarks  ETbar d-quarks
: : : 20 g : : :

* vl.p5 has crazy t-behavior

¢ v0.p5 and v2.p6 almost identical

*  We end up actually with_two
versions for v2.p6 and v3.p8

<>
3 clas



Er(x,t,& =0) t-distributions, x=0.1,0.3,0.5

2019/09/04 08.36

u-quarks  ETbar d-quarks
3 i : 20 o ; : :

15
10 |

* 0gand o’ for uand d quarks are free

parameters

* 0opand o’ are the same for u and d quarks

*  We can conclude that that model
with common o and o’ for u and d

quarks doesn’t work.

Ed(x,t,6 =0)=N¢. z=°

(1 . x)46(b“—a'u In(x))t

3(1 . x)5e(bd—a’“ In(x))t
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Er(z,t, & = 0) x-distributions, -t=0,0.5,1 GeV?2

SN RANRXRO
TTTTT TTTTIT[TTT

S =W h W
T TTTTT T I TIT 7777

u-quarks ETbar d-quarks

-t=-0.5 X

0 02 04 06 08

t=-1. X

2019/09/04 O

oo and o’ are the same for u and d quarks

oo and o’ for u and d quarks are free
parameters

S =N WR WM
TT = N L L

't='0.5 X

[ ‘ L1 | i \ I
0 02 04 06 08
-t=-1. X
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Next steps

« Two sets of data were used for a moment: CLAS (=° and n) and
Hall-A (=° only) out of proton

« Hall-A published =° structure functions for neutron
« COMPASS released n° muon electroproduction out of proton

* The problem with Hall-A neutron and COMPASS data is
connected with the fact that there is only one kinematic point
(Q2?,xg) published

* Nevertheless, we will include these data for the combined global
fit at the next step

* Neutron data will help for the flavor separation and COMPASS to
fix energy dependence of GPDs

<>
o4 clas



What Er(z,t,¢) will tell us about
the nucleon structure?
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clas



56

The Fourier Transform of
Generalized Parton Distribution

« The Fourier transforms of GPDs at ¢ = 0 describe the
glos(’grzll?utlon of partons in the transverse plane (M. Burkardt,

* It was shown that they satisfy positivity constraints which justify
their physical interpretation as a probability density

* H is related to the impact parameter distribution of unpolarized
quarks in an unpolarized nucleon

* H is related to the distribution of longitudinally polarized quarks
in a longitudinally polarized nucleon

- E is related to the distortion of the unpolarized quark
distribution in the transverse plane when the nucleon has
transverse polarization.

 E; is related to the distortion of the polarized quark distribution
in the transverse plane for an unpolarized nucleon

= d2A o
K(x,b) = / 22 exp VA K(z,t = —A?)
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The Density of Transversely
Polarized Quarks in an Unpolarized

Proton

E+ is related to the distortion of
the polarized quark distribution in
the transverse plane for an
unpolarized nucleon

-1 - by, 0 =
5(567[)) — _[H(xab) T)’yL b2 ET(xa

b)]



58

The Density of Transversely
Polarized Quarks in an Unpolarized
Proton

E is related to the distortion of the
polarized quark distribution in the
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Integrated Over x Transverse Densities

for u and d Quarks in the Proton

Polarized proton | = Unpolarized proton

0.6 9
04} 8
7
0.2} 6 _
uquarks | g =
3 4=
02| 3
Strong distortions o 2 Strong distortions
. —var 1 1
for unpolarized o Up O~ , for transversely
quarks in 06 , 3 polarized quarks
transversely 0_4M »5 inan unpolarized
polarized proton 0ol , o proton
— o
% ol | 15 €
S
d quarks 02l | 1
04! ] @ 0.5
down : .
—060L 2 Lo
-06-04-02 0 02 04 06-06-04-02 0 02 04 06 Lattlce CaICUIatlonS
by[fm] by [fm]
Controlled by E Controlled by Er=2H1+E7

Gockeler et al, Phys. Rev. Lett. 98, 222001 (2007), lattice



60

GPD model: integrated over x
Impact Parameter Density for u-
quarks

Polarized proton Unpolarized proton
06 0.6
04 04
0.2} 02!
3 3
uquarks % ° =
—02o} -0.2¢
-04: -04:
~06 ~06} —
-06-04-02 0 02 04 06 -06-04-02 0 02 04 06

 Left: unpolarized u-q[Juarks in a proton with transverse spin vector.
* Right: the distribution of u-quarks with transverse spin vector in an unpolarized
proton.

M. Diehl and Ph Hagler (2005) GPD model with “some reasonable ” parameters.
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Transverse Densities for u
and d Quarks in the Proton

Polarized Quarks in Unpolarized Proton

1 ¢ 1 ¢
08 08 é
0.6 0.6 -
04 04 . B
02 o . 02 [
0 E 0 E
u quarks 02 F 02 F |
04 - 04
06 06 O -
08 & 08 &
_1 C1L1 11 ‘ L 111 \\\\‘\\\\ _1 C11 11 ‘ |- \\\\‘\\\\ L
1 05 0 05 1 1 05 0 05 1
u, x=0.1 u, x=0.2 b_fm .‘%
1 1
08 08 é
0.6 0.6 7
04 04 |
02 | . 02 | . B
d quarks 0 0 |
02 02
04 04 £ n
06 06 —
08 © 08 & o
_1 CL1 11 ‘ L 11| \\\\‘\\\\ _1 C11 11 ‘ | \\\\‘\\\\ L
1 05 0 05 1 1 05 0 05 1
d, x=0.1 d, x=0.2 bx fm
X=0.1 X=0.2

Note distortions for transversely polarized u and d quarks.



Transverse Densities for u
and d Quarks in the Proton

Polarized Quarks in Unpolarized Proton

08 | 08 | %
0.6 0.6 =
04 | 04
02 02 - =
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X

X=0.3 X=0.4



Transverse Densities for u
and d Quarks in the Proton

Polarized Quarks in Unpolarized Proton

1 1 '
08 - 08 - =
0.6 - 0.6 -

04 - 04 - u

02 - . 02 - . —

u quarks 0 ¢ 0 u
02 F 02 F

04 04 u

06 - 06 - —
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1 1
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Summary

* The brand new CLAS12 detector successfully took data
with proton and deuteron targets data with 10.6, 7.5 and
6.5 GeV electron beam

* Run Groups A, B and K are working on the calibration of
the detectors and one step away from the start of the
massive data processing

« The study of deeply virtual exclusive pseudoscalar meson
production uniquely connected with the transversity
GPDs, and has already begun to access their underlying
polarization distributions of quarks in the nucleon.

« The combined n® and n, proton and neutron data analysis
provide the way for the flavor decomposition of
transversity GPD

« The full data set from CLAS, Hall-A and COMPASS
detectors are used to get the transversity GPD parameters
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