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Outline

Drell-Yan process: a time-like approach to explore
the partonic structures of hadrons

TMDs:

— Boer-Mulders (BM): v (unpolarized), AS'Tin(2¢CS_¢S)(polarized)
— Sivers: A3™?s)(polarized)

GPDs: measurements with hadron beam at J-PARC

— Exclusive pion-induced DY (10-20 GeV n~ beam)
— 2-3 hard hadronic process (30 GeV proton beam)

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 BH B 1k,

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
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
two initial hadrons, respectively. General sealing properties and connections with deep
inelastic electron scattering are discussed. In particular, a rapidly decreasing cross
section as ©%/s —1 is predicted as a consequence of the observed rapid falloff of the in-

elastic scattering structure function vW, near threshold. PRL 25 (1970) 1523
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Dimuon Invariant Mass Spectrum
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Drell-Yan Process with
the 0(al) QCD Effect

(a)

Quark-antiquark (qq) annihilation with the virtual gluon correction

e — NN S
Lo I

——ly —

(b)

Quark-antiquark (qg) annihilation

with one real gluon
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(¢)

Quark-gluon (gG) Compton scattering
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Drell-Yan Process with
the 0(a?) QCD Effect
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Fixed-order pQCD Calculations

PRL 128, 252001 (2022)
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Proton PDFs
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Leading-Twist Transverse-momentum
Dependent Parton Density Function (TMDs)
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SIDIS vs. Drell-Yan

Semi-Inclusive
Deep-Inelastic Scattering (SIDIS) Drell=Yan process (DY)
10
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https://indico.bnl.gov/event/9726/contributions/46025/

Boer-Mulders Effect (hy) in SIDIS
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Barone et al., PRD 81, 114026 (2010) [arXiv:0912.5194]



Decay Angular Distributions

0 and ¢ are the decay polar
P and azimuthal angles of the

= l . .
SR B W u* in the dilepton rest-frame

Collins-Soper frame

lepton plane (cm)

j—g oc (1+ A c0s* @+ usin 29cos¢+%sin2 0 cos2¢)

oc (W, (1+cos’® 8) +W, (1-cos’ 8) +W, sin 20 cos ¢ +W,, sin® 6cos 2¢)
qq annilation parton model:
O(a?)) A=1, u=v=0; W, =1,W, =0
Lam-Tung relation (1978)
Collinear pQCD: O(«), W, =2W,,; 1- 1 —2v=0
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NA10O @ CERN: Violation of LT

Z. Phys. 37 (1988) 545
+W 140 GeV n+W 194 GeV n+W 286 GeV
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Boer-Mulders Effect (h1) in Drell-Yan
Boer, PRD 60, 014012 (1999)

NA10 194 GeV/c

h] = 0.4
Vol

e hi represents a correlation os}
between quark’'s k; and ozs|
transverse spin S+ in an 02|
unpolarized hadron. 0.15]

e hy could lead to an azimuthal oAy
dependence with % « hi(m)hi(N)

;

h,(1r) and h,~(p) are of the same sign. - J.C. Peng, Transversity 2014
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Fixed-order pQCD Contribution

W.C. Chang, R.E. McClellan, J.C. Peng, O. Teryaev, PRD 99, 014032 (2019)
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n+W 190-GeV

[« COMPASS, nt- 190 GeV/e, W, preliminary -
- O NAI10,nx~ 194 GeV/e, W
[ o E615,n-252GeV/e, W

| — DYNNLO

3
q, (GeV/e)

COMPASS @ CERN: Violation of LT

2015 runs
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DIS 2021 proceedings, Y.H. Lien
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https://scipost.org/SciPostPhysProc.8.028

Nonzero Sivers
Asymmetries in SIDIS

. T .
COMPASS, PLB 744 (2015) 250 Sivers Functions
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Sign Change of T-odd Sivers/BM Functions

J.C. Collins, Phys. Lett. B 536 (2002) 43
A.V. Belitsky, X. Ji, F. Yuan, Nucl. Phys. B 656 (2003) 165
D. Boer, P.J. Mulders, F. Pijlman, Nucl. Phys. B 667 (2003) 201

Drell-Yan | zs. «ang, 3.w. Qiu, Phys. Rev. Lett. 103 (2009) 172001 SIDIS

.

Sivers/BM |, = —1*Sivers/BM |S,D,S‘

* QCD gluon gauge link (Wilson line) in the initial state (DY) vs. final
state interactions (SIDIS).

 Fundamental predictions from perturbative QCD and
will be tested.
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COMPASS Polarized NH, Target

@ He-3 precooler 6 80 K Thermal radiation shields

@ Microwave cavity 7 4.2 KThermal radiation shields
Ree C,e" " 3 Target cells Dilution refrigerator

@ Target holder 9 ) He-4 gas-liquid separator

@ Magnets (0.6 T) @ Pulse tube cryocooler

180 mrad

5 mn.
—

Polarization: 70%
Relaxation time: 1000 hrs Target cell: 55 cm (L) * 4 cm (R)
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COMPASS Polarized NH, Target




COMPASS 2015 Transversely
Polarized Drell-Yan Run
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Dimuon Invariant-mass Distributions

(2015 Trans.-pol. Drell-Yan Runs)
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d(TLO

Transverse Spin Asymmetries
in Trans.-pol. Drell-Yan: Sivers

2
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COMPASS, PRL 119 (2017) 112002




2015 runs

Sivers In Polarized Drell-Yan

e COMPASS 2015 data

COMPASS, PRL 119 (2017) 112002
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Transverse SSA of W production
In polarized pp collisions at RHIC
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Global Analysis of Sivers Functions

M. G. Echevarria, Z.-B. Kang, and J. Terry, JHEP01(2021)126, arXiv: 2009.10710
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Global Analysis of Sivers Functions

M. Bury, A. Prokudin, and A. Vladimirov, PRL 126, 112002 (2021), arXiv: 2012.05135
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Sivers In Polarized Drell-Yan

S e COMPASS, PRL 133, 071902 (2024)
20155 35K _ « COMPASS Drell-Yan
2018: 37K 011 Musl4: 9l GeV/c? |
L , signchange
e_m : e et
=1 I
'o“':_q:%' 0 ~ Supporting sign change!
- —— LFCQM
RREREE SPM
i JAMZ0 no sign change
i Torino
_01_||||
A?in(pS oc .I:lqﬁ X fl'lL',qp (SiverS) 0 01 02 03

| X
A" = 0,070+ 0.037(stat.) = 0.031(sys.) N

Agreeing with the sign-change of Sivers function!
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Transversity in Polarized Drell-Yan

Statistics:
2015:; 35K
2018: 37K

A?in(Z(ﬂcs ~@s) oC

Sin(29_— )

A
—

—h;7(BM) ® h (Transverity)

COMPASS, PRL 133, 071902 (2024)

e COMPASS Drell-Yan
M ,€l4; 9] GeV/c?

—_ LFCQM
------- SPM

------- LFC-JAM20
220 SPM-JAM20

0 01 02 03

X

AZe=0:) — (1314 0.046(stat.) £ 0.047(sys.)
h? (+) = h4(DY,+)—2=5h"(DY,+) < h'(SIDIS,-)

Agreeing with sign-change of proton u BM functions between DY and SIDIS!
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Experimental Ap| roach

er et al., PRD 86 031502(R) (2012)

Deeply Virtual Compton Scattering Time-like Compton Scattering
0 0

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

N',A

S <> u channel crossing

N

Ji, PRL 78, 610 (1997); Radyushkin, PLB 380, 417 (1996) Berger, Diehl, and Pire, EPJC 23, 675 (2002)
Deeply Virtual Meson Production Excluswe meson- mduced DY

ot

s <> u chann:l crossing
N', A

N N

30
Collins, Frankfurt and Strikman, PRD 56, 2982 (1997)



N — [T1™N (handbag diagram)

E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265
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https://doi.org/10.1016/S0370-2693(01)01345-4

Differential Cross Sections of tN = [TI™N
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Beyond the Leading Twist

do S.V. Goloskokov, P. Kroll, PLB 748 (2015) 323
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J-PARC Hadron Hall
(Current Status)

Current Hadron Fa I ility s <20 GeV/c

. US> ~ 108 K/spil
» <1.1GeV/c J=1x Eﬁ' 1 » S=-1 and S=-2 hypernuclei

» ~ 5x10° K-/spill @ ‘

%oo » Kaon in nuclel‘ !,,

deg extraction
.1 GeVie ~ 107 KO /spil

beams : 4 ;ﬁ > K L vy i“/ ¢
T B-|Inher / m . el Gt . i

» Au Target e
> Indirectly cooled =5 & cine Sl |
» max 95 kKW (5.2s) C BN “"'jﬁ.:?-‘%
» 65kW achieved ﬁ o |

- k= CCO

» 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

prlmary A- Ilne :'

30 GeV proton

‘..
I\
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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 36
https://arxiv.org/abs/2110.04462
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J-PARC Hadron Hall
m20 Beam Line

« High-intensity secondary pion beam
« High-resolution beam: Ap/p ~ 0.1%

Negative Hadron Beams
(Prod. Angle = 0 deg.)

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

- 1.0E+09 o 1.0E+09
(0] ™ (¢D]
¢ 1.0E+08 — » 1.0E+08
S 1.0E+07 // S 10E+07 /ﬁ ~__
S 1.0E+06 { S 1.0E+06 I e
1.0E+05 ,l / / \p\ 1.0E+05 // N
1.0E+04 ,/ / bar 1.0E+04 /
1.0E+03 : ‘ ‘ 1.0E+03
0 5 10 15 20 0 5 10 15 20
[GeV/c] [GeV/c]

* Sanford-Wang: 15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m
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J-PARC E50/MARQ EXxperiment
(Charmed Baryon Spectroscopy)

Spectrometer: Large Solid Angle. PID system. high-resolution™

+ Streaming DAQ system

Timing meas.
(TOF) L Particle ID (RICH)

\ Large DC
(LDC)

Dipole Magnet

el Time zero
(T0)

20 GeV/c
- beam

JzPARC/High; momentum'BL

+ 5 e Lig. H? Targ
I PID counter(bRICH)
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J-PARC E50/MARQ Experiment
for Drell-Yan measurement

Top View

10-20 GeV  Beam RICH

LH, target

FM magnet

Ring-imaging
Cherenkov (RICH

T beam

detector \

Muon-ID Wall

A
f \
Concrete Iron

[ (0.2m) /(2.3 m)
¥ ¥ W

I
f

Fiber tracker ) g
p \
Internal D TOF wall
Straw chamber
I, (2.4x1.8 m?) Scintillator wall
Internal TOF DC (3.5x2.5 m?)
\ \ J
Y

A4
Original Configuration

for Charmed Baryon Spectroscopy

Extension part




n~N — u™pu~ X Missing-mass My,

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

1w~ Beam Momentum Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034
P_=10GeV 15 GeV 20 GeV
i — P> P_=10 GeV S 10— =g P_=15 GeV S 10— 5@ P =20 GeV
R ---- Exclusive DY & ---- Exclusive DY é ---- Exclusive DY
S gl !jr;clusive DY S b !jr;clusive DY 2 ol Lr;clusive DY
g- —_— R;Vndom BG g- J— R:]ndom BG Tota I *- g - R:Jndom BG
% 60 - % 60— \ " ‘g 60}
Z > 9
1] 1] - 1Im] |
“r aor : . 401 ..
20 20 . 201 'k
3 T T . R I o A L T
0575 1 1.25 15 175 0575 ¢ 1 128 1 1.75\ 0975 1 1.25 15 175
MX (GeV) MX (GEV) \J/lp :;Clll,lIS;VG MX (GEV)
i refl-Yan
Excllllewe Random
B : Drell-Yan
- Data Taking: 50 days backgrounds

<2.9GeYy The exclusive Drell-Yan events could be identified by the
signature peak at the nucleon mass in the missing-mass
spectrum for all three pion beam momenta.

= 1.5< M/ﬁu_
- |t-t,]< 0.5 GeV?

_* “GK2013” GPDs
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Sensitivity to N GPDs

7~ Beam Momentum
P. =10 GeV

100
3 | GK2013 (red)

8 ®or BMP2001 (black)
E" 60

20

0 1 1 1
0 0.1 0.2 0.3 04 0.5

|t-t,| (GeV?)

. Data Taking: 50 days
* 1.5 <M1, < 2.9 GeV
“ |t-t,|]<0.5GeV?

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

15 GeV 20 GeV

F 3
o

< % <
E’ GK2013 (red) E GK2013 (red)
& [% |BMP2001 (black) | 2 if" BMP2001 (black)
g, 40__+"1_ i;_. :..
° hl_l"'-._l_ ° 20 ]nL
20 ol —1%"— I ______ I
% o 02 03 04 05 % 02z 03 04 05

|t-t,| (GeV?) |t-t,| (GeV?)

The statistics sensitivity is good enough for
discriminating the predictions from two
current GPD models. "



Universality of GPDs

— J-PARC 10-20 GeV

Q2% or Q'? (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 or T (GeV?)

* JLAB, HERMES, COMPASS - Space-like approach
* J-PARC - Time-like approach
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Staging Plan of r20 Beamline

Toward Tczo Layout in A-B branching section AT

[ & Case-C, B
v08 RGIPMO4 roiPMi1 Gl
N m——

* Use of secondary beams in B-Line

A PSS p T ORERE G
was proposed in PAC [ P P A P PN L Y
 Secondary-beam production by Phase 1 (10°/spill) : Use the Lamberton magnet as a target.
minimum modification of current B-line. ’ " ’ = =
* Only uses beam loss at Lambertson : Case-A
magnet (< 420W) for secondary- e

v08 RGIPMO4 rRGIPM11 11
| B

particle production.
* Needs polarity-change devices to

deliver negatively charged beam (Case- E— T e T T
B), and an additional steering magnet  phase 2 (a few 10/spill) : Install a production target and
to improve beam intensity and profile replace magnet.

(Case-A). ey T

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

r————
[ |
b

Phase 3 (6x107/spill) : Full shield and intensity

aru uCdrrreSwWITIgEST TTiagiieus. wrrnreessreasasss—n

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

43



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

T106: First Measurement of Secondary Beams
at the J-PARC High-Momentum Beam Line (Jan. 2025)

S ayQ B e (P ary p) & D-phase econdary bea
Beam Diagnostic Devices
L _-! i ' - 21w 5
LM . Collimator (W 40cmx2) : 3
e — | AlLine T Z a
T : i I R RE e e =
I | L : L 1 2 ,I_ - | | Ity
o) |l LA [ \F_l__—_:]{ . Rt K i : ) ol G |
T\ 7 B Line |~ Pion beam (z20) ||| 11~ <= T T
= N < &
B-Line Branching Point — - =S T oo D
S ) L Mft i
Ga T, p i [ S[=]
1 P T l / 2 S TR
1 /‘\L—_ — Di ive focal Doi LE RN
y— ; i ISpersive 1oca pomt ~r 5%
) . [ I L=l ol ]
primary beam . S N =
Yoke Yoke
‘ Current layout of A-B branching point
Lambertson magnet 7 _ Z Z Z L
) Primary proton RT‘ML‘ [ " a! “:'E‘ .+ Aline
smi{Lam] - L e =L l e ' , l‘l !
B E / :’.-:7{1-.‘: 0% TeTa%s NTSTS et B S e = = ‘ TR B line
e Lambertson magnet q23. 1 Rt
’ N Small septu arge s =
SM collimator (SM1) mat” septum - Large septum

magnet (SM2) magnet (SM3)

Hadron 2025, H. Noumi a4



https://indico.rcnp.osaka-u.ac.jp/event/2402/contributions/15046/attachments/9309/12462/hadron2025-t106.pdf

T106: First Measurement of Secondary Beams
at the J-PARC High-Momentum Beam Line (Jan. 2025)

T106 setup to measure 2ndary particles

Beam Dlagnostlc Devices

o Inten5|ty T1xT2 BN Threshold-type \ Muon Filter
* Spatial Distribution: FT1~3 w{_—g;_bh Aerogel Chrenkov (T3-T6)

v*> PID (nt/K/p):’beam RICH, ThAC TN R l = | Iron 10cm x 3
* MuonPurity: Muon Filter N S

Hadron 2025, H. Noumi 4o
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T106: First Measurement of Secondary Beams
at the J-PARC High-Momentum Beam Line (Jan. 2025)

PID: beam RICH

—>T. Toda, Poster #53

Measured Ring Images -

Ring Image
Sensor Arra

MPPC array
4X4
3 mm size

Hadron 2025, H. Noumi 46
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GPDs with Proton Beams:
2-t0-3 Hard Process

PHY SICAL REVIEW D 80, 074003 (2009)

Novel two-to-three hard hadronic processes and possible studies
of generalized parton distributions at hadron facilities

S. Kumano,"? M. Strikman,? and K. Sudoh'#
"nstitute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK), 1-1, Ooho, Tsukuba, Ibaraki,
305-0801, Japan
2D€pa:"fm€ﬂf of Particle and Nuclear Studies, Graduate University for Advanced Studies, 1-1, Ooho, Tsukuba,
Ibaraki, 305-0801, Japan
3D€parfmem of Physics, Pennsylvania State University, University Park, Pennsylvania 16802, USA
4Nishogakusha University, 6-16, Sanbancho, Chiyoda, Tokyo, 102-8336, Japan
(Received 10 May 2009: published 2 October 2009)

We consider a novel class of hard branching hadronic processes a + b — ¢ + d + e, where hadrons ¢
and d have large and nearly opposite transverse momenta and large invariant energy, which is a finite
fraction of the total invariant energy. We use color transparency logic to argue that these processes can be
used to study quark generalized parton distributions (GPDs) for baryons and mesons in hadron collisions,
hence complementing and adding to the studies of GPDs in the exclusive deep inelastic scattering
processes. We propose that a number of GPDs can be investigated in hadron facilities such as Japan Proton
Accelerator Research Complex facility and Gesellschaft fiir Schwerionenforschung -Facility for
Antiproton and lon Research project. In this work, the GPDs for the nucleon and for the N — A transition
are studied in the reaction N + N — N + 7 + B, where N, 7, and B are a nucleon, a pion, and a baryon
(nucleon or A), respectively, with a large momentum transfer between B (or 7r) and the incident nucleon.
In particular, the Efremov-Radyushkin-Brodsky-Lepage region of the GPDs can be measured in such
exclusive reactions. We estimate the cross section of the processes N + N — N + o + B by using current
models for relevant GPDs and information about large angle 7N reactions. We find that it will be feasible
to measure these cross sections at the high-energy hadron facilities and to get novel information about the
nucleon structure, for example, contributions of quark orbital angular momenta to the nucleon spin. The
studies of N — A transition GPDs could be valuable also for investigating electromagnetic properties of

Kumano, Strikman, and Sudoh, PRD 80, 074003 (2009) 47



N+ N - N+m+ B(n A% AT

N (d)

T T (c)

N,
t=(p,—P)

It was suggested in Refs. [25,26] that one can investigate
the presence of small-size color singlet ¢g and ggq clusters
in hadrons using large-angle branching hadronic processes
a+ b— ¢+ d+ e, where the hadron e is produced in the
fragmentation of b with fixed Feynman x and fixed trans-

e .
verse momentum p}), while the hadrons ¢ and d are
produced with large and near balancing transverse mo-

menta: pi = —p'?,

(c) o _ Rd)

T ~ T

m(E.p,0) 1 (C)
A

h TN N

M (E,;, 0,p) p (E,.0, - p)

pE. 5.0 N (d)

FIG. 8. Mp — mp elastic scattering at 6., = 90°.

Kumano, Strikman, and Sudoh, PRD 80, 074003 (2009) 48



N+ N - N+m+ B(n A% AT

Kumano, Strikman, and Sudoh, PRD 80, 074003 (2009)

10
| —_—pitpop+T + A’
A"
—_ L ptp—op+m +AT
15\
:" VYN  mmm=a- p+tp—op+n+n
&
——
=
=
=
-E T—r_.\'= 30 GEV
[ t =-0.3GeV’
:- ‘:.‘. -._'- :'-_.r e TR .
7 8

' (GeV?)

Possible measurement within the on-going J-PARC E16 experiment is

considered. [N. Tomida]
The —t’ (~ T of forward-moving N) dependence could be used to explore the x-
dependence of GPDs. [Qiu & Yu, JHEP 08 (2022) 103, PRD 107 (2023) 014007,

arXiv:2305.15397]
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E16 Experiment at J-PARC

E16 will measure the .oz e |
e+e-decay ofp, w, ¢ i, »(1020)
mesons produced in 30- °
GeV p+A (C, Cu, Pb,
etc.) reactions. e Ay ||
I AN
Modification of line e
shapes in nuclear matter
as the evidence of chiral
symmetry restoration.

Commission runs (Run
0):
2020,2021,2023,2024.
Run 1: Nov/2025
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E16 Acceptance/PID Performance
RUN 1 (8 modules)

%%* coils

Lead glass
Calorimeter (LG)

Hadron Blind
Detector (HBD)

Proton beam




Opl[degree]

Pp[GeVi/c]

E16: p(30 GeV)p—p1n

r 1 10
O
50 ~~ 35 X .
E > prp—p+n+A
45 (D) _ 84y e prpop+n + AT
402_ (D 2 VN mmmmms pHp—=p+n +n
E — =z
30F- s
E = .
25 g Tv=30 GeV R
E t ==0.3 GeV
20:_ ......
15
= 7 8
10
5 . -
i
| | | | | | | L '|.:|"| ........ i’ asiagaas

5 20 25 30 35 40 45 50 30 35 45 80

-t'[GeV?] Op[degree]
0,,.>15deg, ¢,_, >160 deg

o

of The forward opening
f of the current setting
T significantly limits the
o acceptance of t'.

-t’[Geg\/21]n



“‘Mini-MARQ": p(30 GeV)p—pT1*n

Experimental conditions

Intensity 1010 / spill (2 s) 108 / spill
Beam particle 30 GeV protons 10-20 GeV/c p/m unseparated
measurement X O (PID/ Intensity / Momentum)

Detector geometry Avoid around beam Can be installed in the beam axis

(radiation control)

“mini-MARQ spectrometer” .

* FM magnet + Trackers (ready) P "
P+p=>p+Tr+n I f Cherenkov

» Forward PID detectors (p, t* in ©<10° ) — 7 ] TOF

* Missing Mass : p+p—> p+*+X Drift Chamber

+ 0

EIEjE:E:AA” LH2 Fiber Tracker

* Side PID detectors target

* |Invariant mass : A’ p+rt, A >p+m* p 15

N. Tomida, Hadron 2025
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“‘Mini-MARQ": p(30 GeV)p—pT1*n

Experimental expectation

Missing mass Yield
250~ . 14000;_—

- X=n p+tp > p+T +)§ - P+p>p+m+n
o Mo > 1.5 GeV/ZC 10000:— 10 cm LH, target
1500 AMM = 0.2 GeV /C .

100 JAM simulation - 108/spill
- 6000; - 1 day
T AN S - ey S % 2000:_
Missing mass [GeV/c?] ! . L s

promising !

N. Tomida, Hadron 2025
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Single Diffractive Hard 2-to-3 Processes

B(p,)+h(p)—C(a,)+D(g,)+h'(p’)

h(p)

The x-dependence of GPDs can be extracted in these processes!

Jian-Wei Qiu and Zhite Yu

55
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Single Diffractive Hard 2-to-3 Process
B(p,)+h(p)— + +h'(p)

y* N y DVCS

y* N T, o, ] /Y DVMP

Y’ N [t [~ DDVCS

Y N [* [~ TCS

14 N 14 m,é,J]/P

14 N 14

Y N | moJ/Y m,,] /[P

T N I* [~ Exclusive Drell-Yan
I8 N 14 T, , ] /P

T N 14 14

T N Y T, o, ] /Y

N N meson Baryon S. Kumano et al., PRD 80 (2009) 074003




Summary

* Drell-Yan process, complementary to DIS, SIDIS
,DVCS, and DVMP, is a time-like approach to
explore PDFs, TMDs and GPDs.

e TMDs:
— Unpolarized Drell-Yan: the cos 2¢ angular distribution
can be used for extraction of BM.

— Polarized Drell-Yan: COMPASS TSAs support the
predicted sign change of Sivers as well as BM.

e GPDs:

— Universality of GPDs could be checked with the
exclusive Drell-Yan process and 2-3 hard process
with the pion/proton beams at J-PARC.
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Thank you and Prof. T.M. Yan
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