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Outline

e Generalize Parton Distributions (GPDs) measurement

e Lepton beams (DVCS, DDVCS)
 Single Diffractive Hard Exclusive Process (SDHEP)

* Hadron beams
* p+p—>p+m+n/A(pure hadronic reaction)
* T+p—>7y+vy+n(di-photon production)
e U+ p—>I"+I+n (Exclusive Drell-Yan)

e J-PARC
e Status & plan of the m20 beamline / MARQ experiment
e 2027/Jun beamtime



Generalized Parton Distributions (GPDs)

Four quark GPDs Ay~ e 1
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Determine from the global analysis of world-wide experimental data




Moments of GPDs

* £¢->0,t—>0:1D parton distribution (PDFs)
H9(x.0,0) = g(x) Unpolarized H%(x,0,0) = Ag(x) Polarized

e 1stmoment of x :|Form factor

. .
/dxH'ff(x,é,z‘):F‘f(z‘) Dirac /de‘f(xqfqr)=F§(r) Pauli
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"1 - ‘1 -
/dxH‘f(x,g,r):gj(r) Axial /de‘f(x,g,z):gf{,(r) Pseudoscalar
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e 2nd moment of x :|Gravitational Form Factor
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/dxx(H(x. £+ E(x,E1)=2/%0)

* GPDs in full x,¢,t space

-l Total Spin * x-dependence
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Deeply Virtual Compton Scatterlng (DVCS)

e (leanest, golden channel to access GPDs
 HERA, JLab, COMPASS, and EIC

d g{/’,‘?—gf X C[?VCS 4 C?VCS cos ¢ + CEVCS cos 2¢
1 ~ —r —~n
DV = 7w {4(1 —xp) (HH" 4+ HH') — x5 (HE" + EW* + HE" + EXHY)
— Xp

— (xg+k (2 —xp)*) E€" — x5 k gg*},

: 1 1 [
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* | Integral of x = x dependence cannot be accessed

e Sensitivity only around x = ¢

Need data from other reactions to understand full GPDs




Double Deeply Virtual Compton Scattering
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p+p—>p+n+n/A
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Single Diffractive Hard Exclusive Process (SDHEP)

Generalization of processes for GPDs measurements

 J-W.QiuandZ.Yu PRD 107 014007 (2023)
B+p—>C+D+p’ (2—>3 process)

Diffractive production of A* : p > A* + p’ - : =2

Exclusive 22 scattering: A*+B=>C+D

B, C, D can be lepton, gamma or hadron
 C, D :large transverse momentum >> four momentum transfer < Factorization

o

Cross section depends on GPDs

he—rf’zeM” Z/ / T‘ X th )C.'e—re,*(l é: <D qT)d)f/D( )

We can access GPDs using any beam




Single Diffractive Hard Exclusive Process (SDHEP)

Lepton beam
e [+N=>1+v+N (DVCS) We can study GPDs
e |+ NI+ 1+ +N (DDVCS) using variety of beams
e [+N—=>1"+M+ N (Deeply Virtual Meson Production) J.-W. Qiu and Z. Yu

PRD 107 014007 (2023)
v beam

e v+ N> I"+ |+ N (Time-like Compton Scattering)
* Y+NSy+y+N ¢ y+N>y+M+N © y+N>M+M+N

S. Sawada et al.,

Meson beam , _ E.R. Berger, PLB 523 (2001) 265 PRD 93 (2016) 114034
e M+ N = I*+[ + N’ (Exclusive Drell-Yan) | sV. Goloskokov, PLB 748 (2015) 323 N Tomida
« M+N = vy+7y+N|J-W QiuandZ YuPRD 109 (2024) 074023 EPJ Web Conf. 303
, 03005 (2024)
* M+tN=2>vy+M+N
N. Tomida,
* M+N->M+M+N PoS(HADRON2025)

244 (2025)

Proton beam
e N+N —> M+ B+ N’| s.Kumano etal., PRD 80 (2009) 074003

Neutrino beam
e v+ N> |l+7m+ N X Chenetal, EPJ A 60 (2024) 208 9




TT+p—>y+y+n
* Probe x-dependence of GPDs J.-W. Qju and Z. Yu, PRD 109 (2024) 074023

e Differentiation of shadow GPDs and real GPDs

E. =20 GeV E. =100 GeV
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p+p—>p+1+n/A

Proposed when J-PARC starts operation
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t' & x dependence

e Large cross section (O ub)
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* N—>A Transition GPDs

* x-dependence
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(S.Kumano private comm.)

11



p+p—>p+1+n/A

e Large cross section — Less than 1 day beam time is enough even in phase-1 intensity
* No full PID detectors required because of un-necessity of Kaon ID

Yield = Early-stage experiment
12000:—. p+tp—>p+mr+n
10000, 10 cm LH, target
106/spil
6000_— . 1 day
0:""|||.....|.......-|,, _t'[Gevz]

3 4 5 6 7 8

* Simultaneous measurement of other reactions thanks to unseparated beam/streaming DAQ
*p+p>p+mt+AY
*p+tp2p+r+AT
*TU+p—>mn+Tm+B 12



Exclusive DY

e M+p—> U+ +n e K+p—>ur+u+A

* Feasibility study for J-PARC * N — ATransition GPDs
« S.Sawada et al., PRD 93 (2016) 114034 * P Kroll, Eur. Phys. J A 5576 (2019)
e W.-C. Chang, J-PARC Lol (2019) * S.5on, preliminary

* Hadron absorber placing downstream of i PARC Ma0&K10 beamIne workshop

. https://indico.rcnp.osaka-u.ac.jp/event/2904/
the tracking detectors

— Good missing mass resolution
Py~ =10 GeV
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High momentum beams at J-PARC

High-p primary beamline

Extension plan

* 30GeVp

» 2025/Nov : First physics experiment (E16)

e 1019spill (2s)

* No detector in beamline for radiation safety

<2.0 GeV/c

High-p secondary (20) beamline

e Unseparated 2-20 GeV/c i/K/p
e Separated u A\
» 2025/Jan : First delivery of positive beam .
* 2027/Jun? : First delivery of negative b

S

&

K10 beamline

» Separated 2-10 GeV/c K/p We can study structure functions at J-PARC
e Extension plan 15



K10 collaboration

2026/0ct : K10 collaboration kicked-off
Korean-Japan relationship

80+ people

Transition GPD (N—>A) is one of programs

_~
~KDREAMS

K10 Detector for Research on
Exotics, Antihyperons, Multistrangeness,
and Structure of hadrons

How do quarks
build hadrons?

* You are welcome to join

https://research.kek.jp/group/k10beamline/index.html

Contact : j-parc-k10mb_at_rcnp.osaka-u.ac.jp

* Yellow report coming soon
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https://research.kek.jp/group/k10beamline/index.html

20 beamline staging plan

Phase 1 : Use the magnet for primary beam extraction as a target

e Positive beam —> Successful delivery in 2025
* Negative beam — Polarity change device installation in FY2026

Lambertson magnet

Realize

Phase 1.5 : Place a target in front of the magnet

SM collimator

Coexistence with primary beam

Phase 2 : Replace with a magnet for secondary beam
Phase 3 : Add radiation shields for full intensity

adron
Experimental Facility

J-PARC Main Ring




n20 beam : intensity

Intensity [/spill (4.2 sec)]

Phase 1: p

Current setup |

. —— — T
° p+p%p+n+n/A 1.E+05 7// \‘E—
* TU+p > K+A1405) | ;.03 k- K
(S. Kumano on Oct/29) ' / \
pbar
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1.E+01
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Phase 1.5: x10 of phase 1 [GeV/c]

Intensity [/spill (5.2 sec)]

1.E+09
-

Simulation by K. Shirotori

1.E+08
Phase 3: v
Full intensity LE0T
° n‘+p%fy+ry+n 1.LE+06
° T[‘+p%|++|_+ﬂ 1L.E+05
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* 15 kW loss production target [GeV/c]



First delivery of secondary beam (2025/Jan)

Positive 3/5/10 GeV/c ram
Quadrupole magnet : >
Study of secondary Timing ~ Timing Timing Timing
b b detector 1 detector 2 Vih ACdetecmr 3 Final focus detector 4
eam property (beam pinal

size, particle fraction)

Scintillating Beam-RICH Scintillating
fiber tracker 1&2 fiber tracker 3

19



First delivery of secondary beam (2025/Jan)

Beam profile Ring image with beam RICH
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e Successfully measured secondary beams
e p:t=0.66:0.34, 0.60:0.40, 0.39:0.61 (3, 5, 10 GeV/c)
e Consistent with simulation

* High purity muons also delivered K. Shirotori et al., PTEP 103H03 (2026) 20



https://academic.oup.com/ptep/advance-article/doi/10.1093/ptep/ptag183/8916630?login=true
https://academic.oup.com/ptep/advance-article/doi/10.1093/ptep/ptag183/8916630?login=true
https://academic.oup.com/ptep/advance-article/doi/10.1093/ptep/ptag183/8916630?login=true

MARQ spectrometer

TOF-tracker MRPC

Ring Imaging
* Multi-purpose spectrometer for the m20 beamline Ch&ﬁ%’;‘;""
* MARQ collaboration ‘
e Baryon spectroscopy (E50) TOF-MRPC

e Exotic hadrons
e GPDs studies

Hadron

: Wy targfet Absorber
* Good momentum resolution T0 detector )
¢ PlD Up to 16 GeV/C beam RICH— /’ | ~ Scintillator

TOF

e High-rate capability : 1 MHz/mm
* Streaming DAQ

* Tracker/FEE/DAQs : almost ready
* PID detectors : under construction
* LH, target : not ready



First detector & DAQ test (2024)

* Existing Trackers/FEEs tests with streaming DAQ '/\ s )
at J-PARC K1.8BR beamline (2024) A0 ’

 TOF online filtering works well
K. Shirotori et al., PTEP 083H01 (2026)

u@) i (b) §< e >§ ¥*Calibrated data
o i 1€ > I .
o i I Selection2 | No selgction |
..\9 10° : i i i i Side view
c . With online selection oo__jn .
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o 10¢ - 7
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https://academic.oup.com/ptep/article/2026/8/083H01/8728731?login=true
https://academic.oup.com/ptep/article/2026/8/083H01/8728731?login=true
https://academic.oup.com/ptep/article/2026/8/083H01/8728731?login=true

2027/Jun

2026/Nov-Dec beam time = E16 experiment (primary beam) phase-1 finish

2027/Jun beam time = A chance for secondary beam delivery

Proposed

* T112 experiment : Negative beam evaluation
(2,5,8,10,15,20 GeV/c negative, 20 GeV/c positive beam)

p+p—>p+1t+n/A
* T113 experiment : Negative high purity muon

New proposal under preparation

* T11X experiment : CH, target + MARQ detector
+ E16 magnet

15 pilot data with 20 GeV/c secondary beam
* Construction of detectors in harry

TOF wall

KLDC

| SFT(Common w/ T113)

Beam

T112/T113
setup
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Summary & prospects

GPDs study using hadron beams

p+p—>p+1+n/A * Large cross section
e UT+p—>yY+Yy+n * Xx-dependence

/K +p =1+ +n/A * X # ¢ region
* transition GPDs

 Complementary to the lepton induced reactions

e J-PARC 1120 beamline
* MARQ spectrometer

e 2027/Jun beam time = first pilot data
 Start from reactions with large cross sections
* Opens a door of GPDs studies using hadron beam

24




	スライド 1: GPDs studies using hadron beams at J-PARC
	スライド 2: Outline
	スライド 3: Generalized Parton Distributions (GPDs)
	スライド 4: Moments of GPDs
	スライド 5: Deeply Virtual Compton Scattering (DVCS) 
	スライド 6: Double Deeply Virtual Compton Scattering
	スライド 7: p + p → p + π + n/Δ
	スライド 8: Single Diffractive Hard Exclusive Process (SDHEP)
	スライド 9: Single Diffractive Hard Exclusive Process (SDHEP)
	スライド 10: π- + p → γ + γ + n
	スライド 11: p + p → p + π + n/Δ
	スライド 12: p + p → p + π + n/Δ
	スライド 13: Exclusive DY
	スライド 14: J-PARC
	スライド 15: High momentum beams at J-PARC
	スライド 16: K10 collaboration
	スライド 17: π20 beamline staging plan
	スライド 18: π20 beam : intensity
	スライド 19: First delivery of secondary beam (2025/Jan)
	スライド 20: First delivery of secondary beam (2025/Jan)
	スライド 21: MARQ spectrometer
	スライド 22: First detector & DAQ test (2024)
	スライド 23: 2027/Jun
	スライド 24: Summary & prospects

