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? Physics with antiprotons

ARKF
Why polarized antiprotons?

1. Annihilation ~ glueball/resonance
pp » AN XX EE QO ntn™  KTK~, p¢
cleanest environments for gluon -rich
annihilation and quark—antiquark
hadronization

2. NN interaction ~ partial-wave analysis

Polarization observables provide access
to interference between different partial
waves. $4l

T. Ishikawa
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? Analyzing power

AR A
P, perpendicular to the momentum
vector gives the following cross section

do _ (d ) 1+ P,A,(0)],

dQ) dQ)

yielding the left-right asymmetry:
(N, —Ng)/(Np+ Ng) = P,A,(6)
A, (0): interference between different’
initial-state partial-wave amplitudes P”L

T. Ishikawa
25 September 2026



? Unpolarized vs polarized
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Unpolarized data:

do/dQ, excitation function, spin-density
matrix elements p,;/

Polarized data

spin observables including P,, which have
direct sensitivity to interference and relative
phases

1) essential for partial-wave decomposition
2) stronger constraints on J¥¢of 9.61,

T. Ishikawa

intermediate resonances 25 September 2026



P 0zl violation
A substantial Okubo-Zweig-lizuka (OZIl)
violation:
o(pp - $¢) = tan*60 - a(pp - ww)
~ 10 nb 08 112 14 T R T R

1
54 Jrﬁ ]
Measured ! & +& T
cross section: ° + AL
a few pb! 2 IIETEN
| *T”l |
| “ ﬁ@l# K am Y
0 T }l ! + | | ’77‘1"
2 T 241 2.2 2.3 2.4W(Ge \%5 T. Ishikawa \asf
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? Glueball search
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Glueball search in pp — ¢¢

Glueballs: fundamental states predicted by QCD,
dominated by gluonic degrees of freedom

pp — ¢p¢ is a promising channel

* unexpectedly large cross section

e gluon-rich annihilation process

e sensitive to resonances with several JF¢s

Observing a peak alone is not sufficient.
— identification requires J¥¢, phase motion and

interference
}-8

Polarization info. becomes particularly usgfla: <> 0.6
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@ Expected excitation function sfsss:
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Structures can be reproduced by several
different contributions.

Cross sections alone may not be sufficient.

[ 008 - — = Exp.
Bedld A Total
Sf 0.02 £ ;' L 10
RS TP ATE N
4f
=3¢ D. Lee, J.K. Ahn, S.-i. Nam,
of Phys. Lett. B 866,

139528 (2025)

0_  fas .I- 3o L S b sk b \‘gL
2 . ' . ’ 2.5 T. Ishikawa “af
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Q New J-PARC experiment
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E104 measures cross sections with
higher statistics using an unpolarized
antlprOton beam 0.8 | 1.2 1.4 1.()Beaml;/.1§memm2](Gcwé).z

Double ¢ Production in pp Reactions near Threshold = O \ | | [ \ |
=,
=
.S
5 4 +
wn
4 .
S - ;
3 | .
Spokesperson  Jung Keun Ahn (Korea University) 2= - + 6 ‘ ) [
Beam line K1.8BR [ + """"""""""
Beam p/0.87-1.17 GeV/c Gl
(W = 2.04-2.14 GeV in 10 MeV increments) 1 .
Beam Intensity 2.7 x 10/ spill (4.24 s spill duration)
Target Liquid hydrogen (80 mm ¢)
Reaction Pp— ¢ ]
Detector Hyperon Spectrometer (HypTPC) 0 l ‘ | |
Beam time 9 days 2 2.1 2.2 2.3 2.4 2.5
(0.5 days for trigger study and 8.5 days for physics runs) W (GeV)

Expected yield 3 x 10% events

Polarization provides additional m;fgv'”‘i

25 September 2026




% pp and pp
NN interaction: strongly constrained by
extensive scattering data

NN interaction: annihilation + different G-
parity structure
The signs of pp and pp scattering
amplitudes:
opposite for o, p exchanges (G = +)
same for w, w exchanges (G = —)

How well do we actually know the
individual NN partial waves?

How is the origin of the repulsive qg;;kgv?")»r

25 September 2026




(A NN PWA
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Nijmegen partial-wave analysis
D. Zhou and R. G. E. Timmermans, PRC 86, 044003 (2012).

3749 pp - pp, pp — nn scattering data
for p; < 925 MeV/c, giving excellent
global description

However, spin-dependent data are much
more limited than for NN scattering

Polarization data would provide
additional constraints on individual .
partial waves e

25 September 2026
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Q Production of polarized ps
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Three steps

1. Production of secondary ps
Unpolarized

2. Production of As from pp - AA
Polarized

3. Decay of As into ps

Polarized
64

T. Ishikawa ¢
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@ Production of secondary ps
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J-PARC

Japan Proton Accelerator Research Complex

.-'_M

Secondary ps

| $TL el

o 30-GeV primary
1 proton beam:
extracted & delivered

<8

T. Ishikawa

Expel ;L
Facility 25 September 2026



@ Production of secondary

AR A%
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@ Production of secondary ps &

ABRAF
OSAKA UNIVERSITY

120 beamline: under construction

Intensity [/spill (4.2 sec)] 1.4 X 10% /spill @ 20 GeVic
1.E+09
— e ﬂ_
1.E+08
P
1.E+07 Tt
K— P
1.E+06 / \
K+
1.E+05 e
1.E+04 pb:u'
1.E+03
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
[GeV/c]

All the negative particles are included

p: ~10°/spill (4.2 s)

T. Ishikawa ~"~

25 September 2026




¢ Production of secondary ps &
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K10 beamline: planned

Separated secondary beam using RF

Final focus

separators 1| Beam stopper |-====x

! ;-—Era;
. . 2 RH gaviti
Negative pions :%2 hE

are removed n-spectrometer section =

1T2 target :( i ]

T‘-?i":f:".-'i*?'::;f _” -2 5 -kw I OSS
Fe———= BT s it optimized for K~

d section

Front-en

Much higher p intensity S
~7,5,2 x 10%/spill for 6,8,10 GeV/c %3

T. Ishikawa
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€A Production of As

o o5 o0 Pi;"f“f’*io P.D. Barnes et al., PRC54, 1877 (1996).
__ Asfromp+p->A+A
= _#| are polarized
% .-rﬁifzww‘*ﬁ " . | open circles:

0 Il oossaaaneeseseesess 1.642 GeV/c
e - filled circles:
Lt e UL 1,918 GeV/c
a1 "L | PS185 experiment at
T LEAR/CERN T .sh.kawj1?1”
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€7 Decay of As into Ps

e
Decay angular distribution
In the A rest frame

do

dQ*
with

az: decay parameter
P%: A polarization vector

pp- daughter antiproton direction
(unit vector)

1 .
= E(l + agPy - Pp

sz 9 ¢
.;;’,20 )
T. Ishikawa ¢
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€7 Decay of As into Ps
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Polarization vector of ps

p polarization in the p rest frame can be given
by the Lee-Yang’s equation:

Pl
p
1 self-polarization: a;p;

_ — 4 PE X )px
Tty PP

+ BsP} X Py + vaby X (P X Pp))
spin transfer: 1_511: — oy
using variables in the A rest frame

i 1N Ishlkaw A
25 September 2026



€7 Decay of As into Ps
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Polarization vector of ps

—

P;:p polarization in the p rest frame

P%: A polarization in the A rest frame

py: p direction in the A rest frame

A decay parameters as + Bi+ys =1
ay =—a, =0.748 £ 0.008 tang, = f5/vVa
¢z = —¢) =+6.5°1+3.5°
— Bx=—Pr=0.075y5 = y5 = +0.66 ‘zzL

T. Ishikawa

25 September 2026
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€A Production of As
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= 1.642 GeV/c

e — ——
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Correlation between the momentum and

emission angle for produced antihyperons
2.

T. Ishikawa
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€7 Decay of As into Ps
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k; =1.642GeV/c  k; =1.918 GeV/c

[y v—

q5 (GeV/c)

it ek o
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Correlation between the momentum and

emission angle for daughter antiprotons =~ .
‘,Zi

T. Ishikawa
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€7 Decay of As into Ps

APRKF
14000 Jz = 1.642 GeVi/c | kzi=1.918 GeV/c
= 12000 - S
= 10000 — = \
™~ 8000 - =
N — I
£ 6000 - ™ -
3 4000 - Er
2000 — = §
0 S e | rf"',’-_-. | | & | "t SRR ot fsused
-1 0 -1 —0 5 0
_’T X _’T
sideways, : Iongltudlnal

A large longitudinal polarization can be

rotated into a sizable transverse polarlzatloi

26
during momentum analysis. i
25 September 2026
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€A A polarization? o

ABRAF
OSAKA UNIVERSITY

AA production mechanism  ¢olors indicate
7] _ flavors here

p < _
- W r . A p+SS 5 A
Ki, K*i AY 1) w
p— : —A )
t-channel meson exchange > R A
P ) A p+SS "
W picking up sea
p— :g — | (anti)quarks 2s).

gluon-mediated ss production (qg — sS)»5 g;;ht";a::,a.;;zozs
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Summary

.\;‘,ZQI )
T. Ishikawa
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Polarized antiprotons can be used for
various hadron physics experiments.

*Polarized antiprotons can be produced
frompp > AAand A » *p

*High longitudinal polarization is
available.

For further discussion, we need to
predict A polarization at a certain <)
incident » momentum. o5 SUTRaNRE
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Backup

’,31 l\
T. Ishikawa
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Q Reaction mechanisms
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€A Annihilation processes S

kﬁﬁk%
Production mechanism of YY ¢clors indicate
5 - flavors here
- w‘ — AL piss AZ
Ki,K*i AY = w
pP— > — ) ),
-channel meson exchange > N AL
p ) A% p + sS "
LI picking up sea
p— :g — > (anti)quarkssi

gluon-mediated ss production (qq — s5)25 september 2026



Q Annihilation processes

iWk%

Production mechanism of YY

Different mechanisms are expected especially
for ZZ and QQ

mmm

#K exchange

#qq - g — ss 1 1 2 3
#ss in (anti)proton 1 1 2 3

Unpolarized-antiproton studies are
expected to advance first. 25 Sautember 2026



? Usage of polarized antiprotong=ss
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Annihilation

pp > ,KTK~

1, K: spinless particles

No final-state polarization
No spin-transfer

Correlation between the orientations between
the p polarization and reaction plane

A, (6) =interference between different initg )
state partial-wave amplitudes o5 g;;“t";a::fbe,'zog
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Two key physics topics

1. Annihilation processes
pp — AA XY, ZE QQ
pp >t , K"K~ ,¢pd
cleanest environments for quarks
and antiquarks into hadrons

2. Difference between pp and pp

interactions of
T. Ishikawg?

25 September 2026



€7 Decay of As into Ps
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k; =1.642GeV/c  k; =1.918 GeV/c
0.2
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Correlation between the sideways component

of polarization and momentum for daughter,

. a\,,si
antiprotons T. Ishikawa “aR
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€7 Decay of As into Ps
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k; =1.642GeV/c  k; =1.918 GeV/c
0.2
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Correlation between the component of

polarization and momentum for daughter, .

83
antl prOtonS T. Ishikawa ' |
25 September 2026



€7 Decay of As into ps
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kz =1.642 GeV/c kj =1.918 GeV/c

N/\ 0.6

-0.5 0 05 1

=" -1 -0 I -
cos@)[—\l_j

Correlation between the transverse component
of p polarization and A-polarization and p-

momentum opening angle g, o8
25 September 2026
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€7 Decay of As into Ps

ABRAF

A k; =1.642GeV/c  k; =1.918 GeV/c
-0.1
-0.2
_ 0.3
N -04
06
= -0.7
-0.8
-0.9
2]

-1 05 0 05 1-1 -05 0 0.5 1

COS@%,—, for gz > 0.8GeV/c
Correlation between the longitudinal component
of p polarization and A-polarization and p-
momentum opening angle 204

T. Ishikawa ¢
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€7 Decay of As into Ps
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k; =1.642GeV/c  k; =1.918 GeV/c
0.2
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Correlation between the longitudinal component

of polarization and momentum for daughter

: W41).
antlprOtonS j 18 Ishikawa’:._;i T
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€A Production of As
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Correlation between the momentum and

emission angle for produced antlhyperons42L
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€7 Decay of As into Ps
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Correlation between the momentum and

emission angle for daughter antiprotons ,%i
) b0
T. Ishikawa N
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€7 Decay of As into Ps

AR
100000 ;k,—, = 5GeV/c ;—kz_? =10 GeV/c
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A large longitudinal polarization can be

rotated into a sizable transverse polarizatioi

44)
during momentum analysis. . .hkw" *
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