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Outline

A Exclusive Drell-Yan Process:
measuring nucleon GPDs in a time-like approach
A High-momentum beamline at J-PARC

I GPDs with pion beams: exclusive DY
[PRD93 (2016) 114034]

I GPDs with proton beams: 2-to-3 hard reactions
[PRD80 (2009) 074003]

A Summary



Drell-Yan Process

S.D. Drell and T.M. Yan, PRL 25 (1970) 316

MASSIVE LEPTON-PAIR PRODUCTION IN HADRON-HADRON COLLISIONS AT HIGH ENERGIES*

Sidney D. Drell and Tung-Mow Yan

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 25 May 1970)

On the basis of a parton model studied earlier we consider the production process of — T
large-mass lepton pairs from hadron-hadron inelastic collisions in the limiting region,
s —=», @*/s finite, @ and s being the squared invariant masses of the lepton pair and the A .
two initial hadrons, respectively. General scaling properties and connections with deep
inelastic electron scattering are discussed. In particular, a rapidly decreasing cross = T¥®r }
section as Q*/s —1 is predicted as a consequence of the observed rapid falloff of the in- ¥ el 1
elastic scattering structure function vW, near threshold. g
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Multi-dimensional Partonic Structures

Wigner Dlstr1but10ns

Parton Distribution Functions Form Factors

f(x) F (1)

AT W.int. washington.edu/PROGRAMS/17-3/ 4
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Parton Density Function (PDF)
MMHT 2014
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L. A. Harland-Lang, A. D. Martin, P. Motylinski, R.S. Thorne, arXiv:1412.3989
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Factoriizqtion of Hard Pro
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AMBER

“ /U -induced

DY/JpsI

Phase-Il: Kaon structure

Ol eg0s

Kaon structure: a window to the region of interference between
the Higgs mechanism and the EHM mechanism

Z-F. Cui, et al. EPJC80(2020)1064, H-W. Lin et al.,, PRD103(2021)014516

The only available experimental data: "

NA3 - 200 GeV K~ beam on 6 cm Pt target 1ol
E> 700 kaon-induced Drell-Yan events
o2 Epoar = 80 GeV _ Et 0.8t
& L 10% sea contribution X
1 1 T T (e 15% sea contribution S .
""" 20% sea contribution 4 06 Badier 1980 ’\j
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separation using both 00 025 050 075 109
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https://indico.lip.pt/event/1183/contributions/4269/attachments/3462/5360/CQuintans Jornadas2022.pdf
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Multi-dimensional Partonic Structures

Wigner Distributions

Beyond collinear
approximation
Related to the orbital
motion and spln-orbltd%,cl
effects.

|

Parton Distribution Functions Form Factors

T (x) F (1)

http://www.int.washington.edu/PROGRAMS/17-3/ 8
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Leading-Twist Transverse-momentum
Dependent Parton Density Function (TMDs)
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Sivers Asymmetry 0  in SIDIS
(Left-Right Asymmetry w.r.t. Y )

q/pﬁ(x kr Sr)_ fo/ (sz NV fqu(X kz) 3 (aRl kT?

The orbltal motion of an Oquark inside a proton
!4 causes positive-charged pions (Q4) to fly off
predominantly to beam-left.

10
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Nonzero Sivers
Asymmetries from SIDIS

COMPASS, PLB 744 (2015) 250
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Non-Universality of Sivers Function

J.C. Collins, PhyslLett B 536 (2002) 43
A.V.Belitsky X.Ji, F. YuanNucl. PhysB 656 (2003) 165
D. Boer, P.J. Mulders, F. Pijlman, Nucl. Ph¥s667 (2003) 201
Z.B. Kang, J.W. Qiu, Phys. Réett 103 (2009) 172001

Drell-Yan | g2>0, time-like SIDIS | ¢2<0, space-like

.

WO 1 (] ™ [Siversy,=- Siverslye| 1 T O Qd
A QCD gluon gauge link (Wilson line) in the initial state (DY) vs. final
state interactions (SIDIS).

A Fundamental predictions from will be
tested. 12




Sivers Asymmetry in Drell-Yan:

Hint of Sign Change!

COMPASS, PRL 119 (2017) 112002

e COMPASS 2015 data
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Multi-dimensional Partonic Structures

Wigner Distributions

Parton Distribution Functions Form Factors

T (x) F (1)

http://www.int.washington.edu/PROGRAMS/17-3/ 14
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Generalized Parton Distribution (GPD)
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Experimental Amoroach

r et al., PRD 86 031502(R) (20

Deeply Virtual Compton Scattering Time-like Compton Scattering
Q 0"
[ 2

g%>0, time-like
CLAS12, PRL 127, 262501 (2021)

~

u channel crossin
N

Ji, PRL 78, 610 (1997); Radyushkin, PLB 380, 417 (1996) Berger, Diehl, and Pire, EPJC 23, 675 (2002)

Deeply Virtual Meson Production Exclusive meson- mduced D)%

“w T

g2<0, space-like
s& uchannel crossin

N

N

Collins, Frankfurt and Strikman, PRD 56, 2982 (1997)



“ 00 aa v (handbag diagram)
E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265
Q? , Q% _(p-p) _

t- —
(@ 2pq s M, (p+p) 2+
T q
ut - _ (g+4')* o o? i
uo 20p+p)-(g+4q)" 25— Q7
do
dQ'2dtd( cmsﬁ)dgﬂ
p(p) n(p’) .
= 25673 Q»’S ZIMM | sin” 6,
doy a2 T2 .,
27|~ o1 n (=)

— 20Re (H™(7,¢,1)" €M (7, ¢.1)) — &

SIE( PP,

2
4m i



https://doi.org/10.1016/S0370-2693(01)01345-4
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Differential Cross Sections of “ 00 & O U
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Productionis dominant at forward Cross sections increase towar
angles smalls (Mblow beam energy) 18




Beyond the Leading Twist

do S.V. Goloskokov, P. Kroll, PLB 748 (2015) 323
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http://dx.doi.org/10.1016/j.physletb.2015.07.016

Transition GPDs

ATransi t L d.rfrafkidrDedal., PRD 60, 014010 (1999)
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Exclusive Drell-Yan Measurement

A Factorization: 0 | p'O®
A Cross sections: )
I Cross sections decrease rapidly with an increase of v .
U WO
i +/1 should be small enough to keep /T 7 JW W large
enough. Take 0 ¢ OQ,w/T VM ZT® T&@ W/
L "OQ,¢pion beam momentum should be less than 15 GeV.
A Exclusivity: missing-mass technique
I Good resolution for missing mass

I Open aperture without the hadron absorber before
measuring the momentum of lepton tracks

I Reasonably low track multiplicity

The 10-20 GeV “ beam planned in high-momentum beam line at J-PARC
(VT GeV) is most appropriate! 21
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J-PARC Hadron Hall
(Current Status)

v" Only one production target: T1

v" Charged secondary beam lines: K1.8, K1.8BR
v Neutral kaon beam line: KL
v
v

Primary beam lines: high-p, COMET
Primary beam power: max 65 kW achieved

SM1 T1 target -
Extraction (Lambertson (50% loss) '
from MR ) magnet)
277770 Ai
m’///""/// iy e _. KL
7 ) :(‘\ RS,

her ori ; %z High-p |
A-line: primary beam lineto T1 e /
B-line: branched from A-line to high-p ; = 1B .
C-line: branched from B-line to COMET 2 ] > ’:lr

i COMET
\ LT H I S

< Switch Yard: 200m >< Hadron Hall: 56m >

https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility. pdf 23
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J-PARC Hadron Hall
(Current Status)

Current Hadron Fa cility - <2.0 GoVie
== > ~ 108 K-/spill
» <1.1GeV/c J=1x Eﬁ' 1 » S=-1 and S=-2 hypernuclei
» ~ 5x10° K-/spill . : %
S <P

%oo » Kaon in nuclel‘ !,,

deg extraction
.1 GeVic ~ 107 KO /spil

primary = Al'ne "
proton

B-line o, hhe oniw : M"
> Au Target 1 2 » 30 GeV proton ~ 10

> Indirectly cooled =51 E oine Sl | » Hadron physics

> max95 kW (52s) [ | meny Nl E16 & | e
» 65kW achieved TV 5 % -
- = ¢

» w beam OMET
First beam in Feb 2023!! u-e conversion ©

https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility. pdf
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Hadron Hall Extension

Hadron extension project was selected as the top priority in the KEK mid-term plan (KEK-PI1P2022)!

<1.1GeV/c K beam
Kaonic nuclei

[L—>e conversion

Extended

* +1 new production target
(T2)
* +4 new beamlines

(HIHR, K1.1/K1.1BR, KL2, K10)

* +2 updated beamlines
(High-p (720), Test-BL)

sweevekeen | Hadron Experimental Facility Extension

Expand research programs at the
Hadron Experimental Facility to explore
Origin & Evolution of Matter more deeply

<10GeV/c K beam
C) spectroscopy

K10

high-intensity and high-resolution T beam A

super-precision A hypernuclear spectroscopy [&/
— | 25 o WY s 0
HIHR & D7) W KL2

intense K% beam
KD — v

30GeV p beam
hadron physics

< 1.1GeV/c K beam

w YN scattering /
g

T-violation

E A/E spectroscopy
COME1 »

https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.htmi o5
https://arxiv.org/abs/2110.04462
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https://arxiv.org/abs/2110.04462

Staging Plan

Toward =20

* Use of secondary beams in B-Line
was proposed in PAC.
* Secondary-beam production by
minimum modification of current B-line
* Only uses beam loss at Lambertson
magnet (< 420W) for secondary-
particle production.

* Needs polarity-change devices to
deliver negatively charged beam (Case-
B), and an additional steering magnet
to improve beam intensity and profile
(Case-A).

* Under discussion by users, beam-line
group, radiation-control group, and
KEK/J-PARC directorates.

of ° 2 Beamline

Layout in A-B branching section Current

| & Case-C, B

09 RGIFM04 RoiPM11 a1t

DA AN A

FAFA £ Al F. FISASNA A 9N

Case-C: No modification for BL equipment, but positive beam only.
Case-B: Only add polarity-change devices to deliver negative beam.

Case-A

Eee)

¥08 RGIPMO4

g ’ 1
e e ! <. P A

No modification around Additional steering magnet
Lambertson magnet. to improve intensity & profile.
| 720 (E50)

rRoPM11 gl
K

5 EEESPHEN RO B

Lambertsoﬁ and éeptum m.;‘:l‘.g‘.nets will be A 4 quadrupole and 3

replaced with production target (15kW loss) ~ sextapole magnets

and beam-swinger magnets. will be added.
https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.htmi 26

https://arxiv.org/abs/2110.04462



https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html
https://arxiv.org/abs/2110.04462

Hadron Experimental Faclility

r 4

Negative Hadron Beams

(Prod. Angle =0 deg.)

2 Beam Line

A High-intensity secondary pion beam
A High-resolution beam: qop ~ 0.1%

Positive Hadron Beams
(Prod. Angle =3.1deg.)

o 1OE+09 o 1.0E+09
© 1.0E+08 — P ©  1.0E+08 .
é 1.0E+07 // i % 1.0E+07 /ﬁ \p\
S 1.0E+06 K- S 1.0E+06 —
1.0E+05 ,l N 1.0E+05 L~ K>
1.0E+04 ,/ // Poar 1.0E+04 //
1.0E+03 ‘ 1.0E+03
0 5 10 15 20 5 10 15 20
[GeVic] [GeV/c]

* Sanford-Wang: 15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m
27



J-PARC E50/MARQ EXxperiment

(Charmed Baryon Spectroscopy)
K.Shi r otallor i

11
MARQ spectrometer
AX -
2 Threshold-type
Cherenkov PID detector Ring Image
Cherenkov detector

RPC TOF wall
A A

D \
FM magnet Missing mass measurement
* Production rate

K" & nn: 2-16 GeV/e

Decay measurement
Y Barrel DC Slow ©t,~: 0.5-1.7 GeV/c

* Branching ratios

nT&p: <4.0 GeV/e

Beam RICH

N

Fiber tracker

28
Large acceptance, PID, good momentum resolution


http://www.rcnp.osaka-u.ac.jp/~noumi/puki/E50/
https://indico.ihep.ac.cn/event/20319/contributions/155585/attachments/78120/97139/20250514_SQCDVI_Shirotori.pdf

Extension of J-PARC E50 Experiment
for Drell-Yan measurement

Top View

LH, target

FM magnet

10-20 Gev ~ Beam RICH >

\

Ring-imaging
Cherenkov (RICH

detector \

Muon-ID Wall

A
f \
Concrete Iron

’ [ (0.2m) / (2.3 m)
¥ ¥ n

I
f

T beam |
Fiber tracker ) g
y \
Internal D TOF wall
Straw chamber
I. (2.4x1.8 M) Scintillator wall
Internal TOF bC (3.5x2.5 m)
\ \ J
Y

A4
Original Configuration
for Charmed Baryon Spectroscopy

Extension part

29
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Beam Momentum
P. =10 GeV

P_=10 GeV

-
[=]
o

— Total

---- Exclusive DY

-------- Inclusive DY
Jhy

—— Random BG

80—

(-2}
o
|

Events (/0.03 GeV)

'S
=)
]

N
o
]

L1
1.25 15

M, (GeV)

o

1.75

Data Taking: 50 days

w Missing-mass M

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng,
Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034

15 GeV 20 GeV
i p—r P=15 GeV i E—YY P,=20 GeV
8 ---- Exclusive DY 8 ---- Exclusive DY
8 sk !jr;clusive DY 8 gl Lr;clusive DY
€ | _ Rendomes TOtal € | _ RandomBe
: :
§ 60| 5 60|
af- sl
20| 20| k
0675 1 125 1 1.75\ e "1.25 i5 175
Mc(GeV) |y DOMSVE  Mx(GeV)
Exclusive Random — ' ran
Drelryan backgrounds

1.5 <M.+..< 2.9 GeV The exclusiv®rellYan events could be identified by the

|t-1,< 0.5 GeV
aDYHANMO €

signature peak at the nucleon mass in the missirags

spectrum for all three pion beam momenta.
Dt o a

30



Sensitivity to N GPDs

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng,

o ——g

“ Beam Momentum Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034
P- =10 GeV 15 GeV 20 GeV
100 «— 60 «— 40
3 GK2013 (red) |3 |. GK2013 (red) 3 | GK2013 (red)
2 »ri| | BMP2001 (black) 2 [% | BMP2001 (black) 2 ,f%; | BMP2001 (black
© i © -:-I-"-.,__l © 20 I"-:
Ll 1

20

0 1 1 1 1 0 1 1 1 1 1 1 1 1
0.2 0.3 04 0.5 0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 0.3 0.4 0.5

|[t-t)| (GeV) |[t-t)] (GeV?) |[t-t)] (GeV)

Data Taking: 50 days The statisticsensitivityis good enougHor
1.5 <M,+.<2.9GeV  discriminating the predictions from two

|t-ty|< 0.5 GeV current GPD models. .



Sensitivity to “ DAS

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng,
Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034
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Universality of GPDs

. ——— J-PARC 10-20 GeV

Q? or v (GeV)

0 . 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

. 0.7

Xz OF _ (GeV)
A JLAB, HERMES, COMPRS$Spacdike approach
A JPARCH Timelike approach
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J-PARC Lol (2019)

o,‘

Japan Proton Accelerator Research Complex

HOME ~ Facilities at J-PARC » Hadron Experimental Facility

B Users’' Guide

B J-PARC Operation Status
B For safety research and use B Proposals for the 27th PAC meeting, Wed 16 - Fri 18 January, 2019
B8 About J-PARC P75: Decay Pion Spectroscopy of SaxH produced by =-hypernuclear Decay

B Message from the Project Contact person: H. Fujioka (Tokyo Institute of Technology, Japan) [pdf file (1.8Mbytes)]
Director

Proposals for Nuclear and Particle Physics Experiments at J-PARC

P74: Direct measurement of the 3p\H and 4\H lifetimes using 34He(r,K%)345H reactions
Contact person: A. Feliciello (INFN, Torino, Italy) [pdf file (2.7Mbytes)]

B Organization

B What is J-PARC?
B Video Lol: Studying Generalized Parton Distributions with Exclusive Drell-Yan process at J- PARC

Contact person: W. C. Chang (Academia Sinica, Taiwan), H. Noumi (RCNP/KEK, Japan), S. Sawada (KEK, Japan)
B Contact List [pdf file (0.6Mbytes)]
B Conference, Workshop, Committees 3 4 < s oa 0 :

P73: °pH and “AH mesonic weak decay lifetime measurement with **He(K",m")**AH reaction
B J-PARC Database Contact person: Y. Ma (RIKEN, Japan) [pdf file (4.5Mbytes)]

A total of 23 collaborators from Japan, Korea, U.S. and Taiwan
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Proposal to ¢c

Tracker RPCs

TOF + RICH m TOF + RICH
TOF + Vth

mﬂ__l

)
———
oF | e, [1OF

Tracking
w/ magnetic field

The * -ID system:

. rejection of
muons from the decay-in-flight
pions and kaons.

T Material of hadron absorber:
concrete and steel
Updating the GPD modeling.

Simulate the expected signal-
to-background and yields of
exclusive DY events.

Optimize the design of * -ID
system and dimuon trigger.

Natsuki Tomida (Kyoto University), Takahiro Sawada (ICRR, University of Tokyo),

Chia-Yu Hsieh, Wen-Chen Chang (Academia Sinica)
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Hadron Hall Extension

Timeline of the HEF-ex Project

< PIP20727 > Year 2030

15

FY2021 | FY2022 | FY2023 | FY2024 | FY2025 | FY2026 | FY2027 | FY2028 | FY2029 | FY2030

MR accelerator
Upgrade construction parallel to beam operation in the first 3 years,

beam-suspension in the next 2.5 years

he Extension Project of H.... E....o.. F..u, (6 years)

Hadron
Hall Current Programs Hall Extension xpanded Prog
th SX Power towards 100kW ith more bea
comer m coue: 3
I

We would like to start trhe project in PIP2022

= We are working on gettir gth timeline consistent with current programs

Given the earliest availability of pion beams in 2030, is there any
possibility of measuring GPDs with the 30-GeV proton beam? 36




GPDs with Proton Beams
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