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Outline

e J-PARC high momentum beamline

* Introduction
e Status : 2025/Jan first delivery of secondary beams
* MARQ spectrometer

* GPDs measurements using hadron beams
e M+N->v+vy+N
e M+N->IF+I+N
* N+N->M+B+N
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Hadron Experimental Facility

e 2010-: Start experiment Strangeness nuclear physics
<1.0 GeV/c K/t ——= < 2.0 GeV/c K/mt
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Hadron Experimental Facility

e 2020 : High-p and COMET beamlines built
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Current high momentum beamline

Hadron

Experimental Facility
30 GeV Switch Yard AR
J-PARC Main Ring

Branching Point
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High momentum secondary (1t20) beamline

Hadron
Experimental Facility
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* Place a target at the branching point

* Deliver negative/positive unseparated secondary beam (r/K/pbar/u)
up to 20 GeV/c

 Phase 1 : Use the existing magnet at the branching point as a target
* Positive beam = First delivery in 2025/Jan !!
* Negative beam - Polarity change devices will be installed in FY2025

 Phase 2 : Install a target & swinger magnet
* Phase 3 : Radiation shields for full intensity



1120 phase-|

 Use the Lambertson magnet as a production target

. | o (K1.8,

v0@ RGIPMO4 rRoiPmit 9™
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Primary proton : B ||ne N
Lamberton magnet | SM2-3 " (high-p)
A mode A+ primary pin B A + secondary in B

i No magnetic field i Magnetic field { } ; No magnetfic field ; Produced 2292y heam
| B Bline

~10~ proton beam

= B line
Lambertson: Off Lambertson: On Lambertson : Off
Beam loss: Max 420W Beam loss: Max 420W




Expected beam intensity

* Phase 1: Current setup high intensity p available

Intensity [/spill (4.2 sec)] @ 20 GeV/c
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* Phase 3 : Full intensity
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2025/Jan beam study

15t delivery of secondar beams at the high momentum beam line in J-PARC
Study of secondary beam property (beam size, particle fraction)

Positive 3/5/10 GeV/c

Quadrupole magnet ¢ ~2.2m S
Timing Timing Timing Timing
detector 1 detector 2 detector 3 detector 4

Vth AC Final focus
Point

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

g
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2025/Jan beam study

Beam size

— ~8.5 mm(0')
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Successfully delivered/measured secondary beams

p:rt* = 0.66:0.34, 0.60:0.40, 0.39:0.61 (3, 5, 10 GeV/c)
Consistent with simulation

FY2025/2026

Install polarity change devices to deliver negative beams
Study beams at -2, -5, -8, -10, -15,

+20 GeV/c
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MARQ spectrometer

Under. Prototype :
construction Ring Imaging
Cherenkov
Prototype (RI_CH)

N.Tomida etal.,, Prototype
NIM A 1056

168581 (2023) TOF-MRPC

1m .
/ \

TOF-trac_ker MRPC Prototype

\ \

N. Tomida et al.,
NIM A 1077
170517 (2025)

R. Honda et al.,
PTEP 123H01
(2021)

FEES

Hadron Ready

Ready - o Absorber
T0 detector | _
beam RICH|- | ~ ScmTtéI)II?tor Ready
- T. Ishikawa et al.,
Ready |Fiber tracker NIM A 1039

N. Tomida et al., 5/6 Ready 167164 (202)
JPS Conf. Proc. Ready / y

in press

High momentum resolution
PID < 16 GeV/c

Multi purpose spectrometer
Streaming DAQ

High rate stability : 1 MHz/1 mm +



Physics program in MARQ

Hadron structure

 Charmed baryon spectroscopy
= (s=-2) baryon spectroscopy

Exotic hadrons
* High isospin dibaryon search
* P, Pentaquark search

Elementary cross sections

* Ap scattering cross section

* Hadronic cross sections for neutrino experiments Sl
Nucleon structure

 Measurement of Generalized Parton Distribution Functions (GPDs)
* Color Transparency

You are welcome to join us
13



Single Diffractive Hard Exclusive Process
(SDHEP)

* J.-W.QiuandZ.Yu PRD 107 014007 (2023)

Generalization of processes for GPDs measurements
A Qn

B+p—>C+D+p’ (2->3 process) _f?T@\

Diffractive production of A* : p > A* + p’
Exclusive 22 scattering: A*+B->C+D

B, C, Dcan be lepton, gamma or hadron

 C, D:large transverse momentum >> four momentum transfer

P

Cross section depends on GPDs

;W,rmm,) Z/ / dzp X FI"(x. & 1)Ciemsej(x. & 2p3 g7) D (D).



Single Diffractive Hard Exclusive Process

Lepton beam (SDHEP)

¢ I+N-> I +y+N (DVCS) PRD 107 014007 (2023)
e |[+N>I+M+N (DVMP)

v beam
* Y+N-> I+ +N (TCS) * v+ N - v+ M+ N’ Jul/29 morning session
* Y+N>v+y+N * Y+N>M+M+N

Meson beam o . E.R. Berger, PLB 523 (2001) 265
* M+ N I"+1+ N (Exclusive Drell-Yan) sy Goloskokov, PLB 748 (2015) 323

* M+N->vy+vy+N J-W QiuandZ YuPRD 109 (2024) 074023
* M+tN>y+M+N
e M+N->M+M+N’

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

Neutrino beam
e Vv+N->|l+m+ N X Chenetal., EP) A60(2024) 208

We can study GPDs using variety of beams -




GPDs studies at J-PARC

Meson beam
* M+N->vy+y+N :0(10-100) pb  Cross sections estimated
e M+N->IF+I"+N :0(1-10) pb
N. Tomida,

Proton beam EPJ Web Conf. 303 (2024) 03005
* N+N->M+B+N:0ub

Some processes can access to
* x-dependence of GPDs
* ERBL region

§—x/§ ?\—§—x x+/?i/§—x x+ // §\x—§

-1 & 0 £ 1
| | 1 | I x
DGLAP ERBL DGLAP
(antiquark distribution) (gg (meson) distribution) (quark distribution)
—1<x<é (x+£<0,x-£<0) E<x<1 (x+&>0,x-£>0)

—E<x<& (x+&E>0,x-£6<0)




m+p—>y+ty+n
« J.-W. Qiu and Z. Yu, PRD 109 (2024) 074023

* vy :Llarge opposite transverse momentum
 x dependence of GPDs can be measured

 (Can differentiate shadow GPDs and real GPDs
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* Need full intensity m20 beam < j

* Need an electromagnetic calorimeter 1 1.2 |
(Not included in the current MARQ spectrometer) ar [GeV]



J.-W. Qiu and Z. Yu, PRD 109 (2024) 074023

do /d|t|dédqr [pb/GeV?]

An

o

[a—
T

0.1
0.7}
0.6}
0.5k

mT+p—2> W+ +n
Exclusive Drell-Yan

Inverse reaction of Deeply Virtual Meson Production (DVMP)
We can access to polarized GPDs

E.R. Berger, PLB 523 (2001) 265
S.V. Goloskokov, PLB 748 (2015) 323

S. Sawada et al., PRD 93 (2016) 114034 - Feasibility study

|t = —0.2GeV?, £ =0.2

—pnT > nlte

—nnt — plTe

| 1.2 1.4 1.6 1.8
gr [GeV]

the MARQ spectrometer

1 J-W.Qiuand Z. Yu,
PRD 109 (2024) 074023

We cannot access to the x-dependence of GPDs



- + -
mT+p> U+ +n
* Feasibility using the MARQ spectrometer
S. Sawada et al., PRD 93 (2016) 114034

] ) TOF-tracker MRPC
Ring Imaging I N

Cherenkov
(RICH)

Upstream (COMPASS, Sea Quest)

/

Absorber @ downstream of the tracker

TOF-MRPC

LH, target

Absorber = Good momentum resolution
enough to identify exclusive reaction

TO detector >,

i o
beam RICH— Scintillator

; S TOF
Fiber tracker
- + - .
TU+p 2> P+ +X Cross section
100 — Total P =15 GeV 60
---- Exclusive DY P.=15 GeV Mllll>1'5 GeV
-------- Inclusive DY
80~ Jhy
~ —— Random BG & a0
§ 60 X=n E ¢ 0(1_10) pb
o i e} 1 1
S 3 * Need full intensity
o 40+ k]
£ 20 20 beam
2 ]
20}
1 R Ll i 0 | | | 1
0.75 1 1.25 1.5 1.75 ] 0.1 0.2 0.3 0.4 0.5 19

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



do/dtdt' (pub/GeV*)

p+p—>p+mn+B

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

p and 1t : large and nearly opposite transverse

momenta & large invariant energy

10

p+p—op+n +A°
......... p+p_)p+n_+ﬂ'+

...... p+p—op+T +n

t’ © x dependence

Tv=30 GeV
t =-0.3GeV?

- -
.............
e e e T ey

-t' (GeV?)

do/dEdt dt' (ub/ GeV*)

200

100 -

p+p—op+n +A°

p+p—=p+n +A7

p+p—op+n +n

\ p+p—p+n +A°

\ PP S P+ 0 === ==
A

Pure hadronic rection = very large cross section (O ub)
Can probe x dependence of GPDs

Can access the ERBL region

Transition GPDs




p+p—2>p+mt+n

 Forward PID detectors (p, t* in ©<10° ) 1
e Missing Mass : p+p—>p+rtt+X

p+p—>p+mnt+A°
p+p—>p+mw+At

p+p—>p+mn+B

/ Cherenkov

T ] TOF

 Side PID detectors
* Invariant mass : A’ p+t, A > p+t

mini MARQ spectrometer

* FM magnet + Trackers (ready) +
Gas Cherenkov Detector (p/mt PID)

ub cross section

* Enough statistics within 1 day beam time

Drift Chamber

Fiber Tracker

LH2
D target

14000(
12000 -
10000 i—
8000 f—

6000}

Can be an early-stage experiment in MARQ

4000

2000|—

You are welcome to join

07I 1 | 1 1 L1 1 1 1 1 L1 1 1 1 1 1

Yield
p+p—2>p+mt+n
1 day




Summary

* High momentum secondary beam is now available in J-PARC (1120 beamline)
* Multi-purpose MARQ spectrometer is under construction

» Single Diffractive Hard Exclusive Processes (SDHEP) to measure GPDs
* B+p>C+D+p’
* B, C, Dcan be lepton, gamma or hadron
e C,D:large transverse momentum >> four momentum transfer

e Feasibility study at J-PARC
e 1+ p—>7v+vy+n:fullintensity m20, EM calorimeter

e T +p—>u+u+n:fullintensity m20, MARQ spectrometer + pu ID
* p+p—>p+1+B:can be an early-stage experiment at MARQ
x dependence of GPDs, ERBL region

e Other possible measurements at J-PARC
* M+tN>y+M+N
* M+N->M+M+N N
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Tracking detectors

Beam Fiber Tracker (0.5 mm O)
-_ = l‘ ! .

High rate : 1 MHz/mm
Fiber scintillators

'y -

* Large acceptance

X5 : ready
x1 : planned
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0.
Cherenkov + MPPC

Suppression of dark
currents using shot
key barrier diode

o~ 30 ps
! MPPCs

5 7
T
o

TOF detectors

¢ 1 . 8 m - I O n g e weighted average (40 or 70 mm penetration)
. . v simple average (30 mm penetration)
SCI ntl I Iato r + P MT m simple average (40 or 70 mm penetration)
T. Ishikawa et al., 2008 F -
NIM A 1039 (2022) <0.06 F
167164 2
S50.04F
2
Ready 0.02f
- BC-420-40 + UBA (high gain)
0:|||||||||||||||||||

1.8 m-long Resistive
Place Chamber (RPC)
N. Tomida et al.,

NIM A 1056 (2023)
168581

Prototype tests




PID detectors

Threshold type Aerogel Cherenkov |

Aerogel Light cone MPPC

Geant4
simulation

electron e

Light cone + MPPC : design completed

r

* Multigap Resistive Plate Chamber
(MRPC) based tracker

N. Tomida et al., NIM A 1077 170517 (2025)
Prototype test

Ring Imaging Cherenkov

light guide
cone

Prototype test




Electronics

asac)

Amp-Shaper-
Discriminator
Card for DCs

Ready = =

I '
% 4« 50 e 70 & 50 10(
T,

e Multi MPPC
readout card
for Fiber
Trackers and
Cherenkov
counters

 Ready

CIRASAME |

 MPPC arrays (back side)

The main electronics board for the
streaming data acquisition system

e Mezzanine card
e HR-TDC
e LR-TDC
* Clock distribution
Ready

DDR3-SDRAM
(DDR3-800, 2Gb)

— -
—  NIM1O

RJ45
(Belle IT
compatible)

': 1, -Power
£, U bcssv)
a3 -6
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Detector Test @ J-PARC K1 SBR bea mI

e 2023, 2024 ‘
Side view :
SFT| T |t |LTOF |
|l
| UTOF [T | DTOF
FL2000 .ii§ H = -
Beam (Target) [ '-.‘\W\\] |RP C TO
STOF || 1] |
%I:; KLDC T 1" : il T

£ * First streaming DAQ test
>1000—
3T = success !!
800/ * Online filtering works
6001
4001
: K*
2001
i * 1t/K separation with TOF

Qe 0E 00 T s 2 hs
MRPC-UTOF [ns]



T106 results: Study of u beam @ p20

mode

L4

Downstream part

e )

15T ~
_lan

Collimator

~7 m decay length

* Application for p beam imaging @

Several GeV/c

= 120 mode: Magnet setting
[Downstream]/[Upstream]

=60, 75, 80, 85%

* Measured p beam properties

@ 5 GeV/c (60%)

* Intensity ~2 k/spill

*  Purity ¥99%

Ratio

0.8

0.6

0.2

9

Iron block

-
1
3
W

1
HI

100 mm X 3 Experimental area
T3-Te6
100
n . 80 \X ‘\‘\
i ‘ = 6
L oy
L S 40
- £ ® 3 GeV/c mode
- 20
® 5 GeV/e mode
L | &*:p = 1:1 condition 1 ® 10 GeV/c mode
L . =10000 //
= ‘a
C X Data: p20 mode Z //
— X Data: Hadron E 1000 /}
L ® Simulation: Hadron 3
00 -50 0 50 100 150 200 250 300 350 400 100
0 2 4 6 8 10 12

Iron Thickness [mm]

Muon Momentum [GeV/c]
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