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R. Muto, KEK

expected secondary beam intensity
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Beam Configuration

* Primary 30-GeV proton beam at 101°-10%%/s.

e Secondary beam:
* Pion: 10-20 GeV at 107-108/s .
e Kaon: 10-15 GeV at 10-107/s.
* Anti-proton: 5-10 GeV at 10%/s.



Uniqueness of hac

ron physics

studied at HiPBL o

" J-PARC

* The beam energy at J-PARC at 10-20 GeV might be
most ideal for discerning the quark-hadron
transition in the strong interaction and studying the

hard exclusive processes.

e Valance-like partonic degrees of freedom of hadrons
could be discerned, compared to the collisions at low-

energy regime.

* Reasonably large cross sections, compared to the

collisions at higher energy.
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Selected Physics Processes

* Drell-Yan process
* |Inclusive pion-induced Drell-Yan
e Exclusive pion-induced Drell-Yan

* Hard exclusive production process
e Exclusive pion-N Lambda(1405) production

* Charmed production process
* Inclusive pion-induced J/psi production
* Exclusive pion-N J/psi production
e Exotic charm baryons
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Wigner Distribution

Wigner Distribution

Ji, PRL91,062001(2003)
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Unpolarized Parton Distributions (CTEQ®6)
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s U=d inthe proton?
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Gottfried Sum Rule
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Experimental Measurement of Gottfried Sum

S. Kumano, Physics Reports, 303 (1998) 183
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Light Antiquark Flavor Asymmetry: Drell-Yan Exps

B Naive Assumption: 225 ¢
d(x) = u(z) b A NASI
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Light Antiquark Flavor Asymmetry: Drell-Yan Exps
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Origin of u(x)=d(x)?

« Pauli blocking of valance 12
guarks

E866/NuSea

Peng et al.

1 . HERMES Meson Cloud
« Meson cloud In the :ﬂ ------- Alberg. Henley
nucleons (Thomas 1983, Kumano 0.8 :-‘\'_- Meson Cloud
1991): Sullivan process in DIS. ok
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« Chiral quark model (Eichten
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Momentum Dependence of the
Flavor Structure of the Nucleon Sea

GRV98 NMC

o
w

d(x)—u(x)

o

o

o
W

o
(N

d(x)—u(x)

e

Peng et al.,
arXiv:1401.1705
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Momentum Dependence of the
Flavor Structure of the Nucleon Sea

T 1.
u>d
50 I s ( 2
g \
time — 3
> N [
) SR k
/ R
Peng et al., 4.

arXiv:1401.1705

Fluctuation of a valence
qguark into a quark and a
highly virtual gluon,

A quick splitting of the
gluon into a quark and
antiquark pair

Annihilation or
recombination of the
quark and the newly
produced antiquark into
a highly virtual gluon,
which is then

Absorbed by the quark.
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Extracting d-bar/-ubar From Drell-Yan Scattering

Ratio of Drell-Yan cross sections 225
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2
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K. Nakano’s talk
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J.C. Peng

d(x)/u(x) at large x
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3
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J.C. Peng

Model predictions at large x
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2) Dominance of § = 0 diquark configurations (Close, Carlitz)
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o /F'B

A. Accardi et al.

Ph
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*Deuteron wave function at short distances (Fermi motion)

*Nucleon off-shell effect

*Nuclear correction
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Experimental Setup II: BoNuS RTPC

Fit RTPC points to determine helix of
Thin-wall High Pressure proton trajectory.

Gas Target

- P Momentum determined from track
Ef ( ) [ s e beam curvature in solenoid field.

dE/dx along track in RTPC also
provides momentum information.

Helium/DME G
at 80/20 ratio_~_

_________________ = GEM (Gas Electron Multiplist)
___________________________________ r Gain Stage

Readout Electrodes (pads)

to CLAS

To BoNuS RTPC

M. Eric Christy”



yield [arbitrary units]

Neutron F, Structure Function via Spectator Tagging

PRL 108, 142001 (2012)
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Pion-Induced DY
Without OR With Spectator Tagging
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Wigner Distribution

Wigner Distribution

Ji, PRL91,062001(2003)
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Transverse momentum dependent (TMD) PDF

three distribution functions are necessary to describe the quark structure

of the nucleon at LO in the collinear case

taking into account the quark intrinsic transverse momentum k.,

At leading order 8 PDFs are needed.

T-odd

il

Sivers function f1T (X’ kT)
correlation between the
transverse spin of the nucleon
and the transverse momentum
of the quark

sensitive to orbital angular

momentum

Boer-Mulders |1

function hl (X’ kT)
correlation between the
transverse spin and the
transverse momentum

of the quark in unpol nucleons

uonezuejod yrenb

nucleon polarization TMDs
U L T
1 -
U oo @ - ¥
number density CI Sivers
- ~
L gl O »— u_:’ ng O - D
helicity Aq
- -
L L h & -3
T hl & - ¢ h1L 2 %= 12®| transversity

Boer-Mulders

hJ- - -~
« -
pretzelosity
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Angular Distribution of Lepton Pair

Collins-Soper Frame

lepton plane (cm)

g—g oc (14 A €0S* @+ usin 2¢9cos¢+%sin2 0 cos 2¢)

oc (W, (1+cos® @) +W, (1—cos’ 8) +W, sin 20 cos ¢ +W, , sin® 6cos 2¢)

qa annilation parton model:
O(a?)) A=1, u=v=0; W, =1, W, =0 -



Lam and Tung (PRD 18, 2447, (1978))
Lam-Tung Relation

g—g oc [W; (1+cos® @) +W, (1—cos” &) +W, sin 20 cos ¢ +W,, sin” & cos 24]

g—g oc (14 A€0s* @+ usin 2<9cos¢+gsin2 0.cos 2¢)

pQCD: O(e;), W, =2W,,; 1-1—2v=0
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E615 (PRD 39, 92 (1989))

Violation of LT Relation
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D. Boer

Angular asymmetries in Drell-Yan in theory
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D. Boer

Angular asymmetry requires helicity flip

The cos2¢ asymmetry arises from an interference between +1 and —1 photon helicities

v#0

— == =

|
L 4 + R R 4 + L
ava JU + ava JuU
L R R T L

- == =

This requires transversely polarized quark-antiquark annihilation

Miniworkshop on Dihadron Fragmentation Functions (DiFF), Pavia, Sept 7, 2011 10
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D. Boer
Explanation as a QCD vacuum effect

=]

The QCD vacuum can induce a spin
correlation between an annihilating ¢ ¢

Chromo-magnetic Sokolov-Ternov effect:

spin-flip gluon synchrotron emission leading to a
correlated polarization of g and gbar.

The spin density matrix becomes:
_ 1 )
p(q,q) = Z{l@l +E'}'0-j @1+ C%jl@ﬂ'j —I-H” g; @O’j}
If H,; = F;G;, then the spin density matrix factorizes

_ 1 1
p(q’Q) — 5{1 —|—Fj0'j}®§{1+Gj0'j}

Transversity Workshop, Como, September 7-10, 2005
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Brandenburg, et. al (Z. Phy. C60,697 (19931
QCD Vacuum Effect

On average no quark polarization, but a spin o8 *‘FH%*%_{M*%;*
correlation between an annihilating quark ol |
and antiquark is caused by nontrivial QCD 02 |

vacuum. o os 1 15 2 a5 s

k7| in GeV

0.2

qq spin density matrix contains terms: |
- = - = 005 —o—
Hij(G'ei)(G'ej) » o gt
H - H -(;.01':13 :
1-1-2v=-A4x=-4—=__4 L
1+H,, b T e T
4 0.5
-
K=Ky—7 7 k=017, m =1.5GeV .
ol ey g
For large |k;|, x — x,, a constant value. S
c lkriinGeV 36



Boer (PRD 60, 014012 (1999))
Hadronic Effect, Boer-Mulders Functions

e Boer-Mulders Function h;-

: a correlation between quark’s k; and

transverse spin in an unpolarized hadron

e h’ can lead to an azimuthal dependence with g oc h-(N)h* ()

1 2\ dr MC'MH )—a?—fiz -
hi(x, ky) CH_?T I(ZT-I—MECL T f1(x),
_ PFME _
v = 16k K, =CyC 2
l[p]r +4MC~) | H] HEX

K:%—>O for large |k; |

Consistency of factorization in term of TMDs
37



D. Boer
Hadronic effect versus vacuum effect

hi # 0 QCD vacuum effect
pla-D) Pl @ pld) possibly entangled
() dependence ke~ 1/0 ?
large Q7 limit k— 0 need not disappear (n — r)
flavor dependence yes flavor blind
x dependence yes if yes, then not hadron blind

D.B., Brandenburg, Nachtmann & Utermann, EPJC 40 (2005) 55

Different experiments (7, p. p. ... beams) are needed in different kinematical regimes

Miniworkshop on Dihadron Fragmentation Functions (DiFF), Pavia, Sept 7, 2011 15
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E866 (PRL 99 (2007) 082301; PRL 102 (2009) 182001)
Consistency of LT relation for DY events in pd, pp

P SN UL IS ULALSLELE AL BLELELELE BRI LA L e e e .
[ O EB866 p+d at 800 GeV/c ] n 0 p+d

[ * NA107+W at 194 GeVic ¢ E615 r'+W at 252 GeV/c ] 2 |-

T

0 0.5 1 15 2.5 3 35 4 P, (GeV/c)

2
p; (GeVic)
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E&66 (PRL 99 (2007) 082301)
Azimuthal cos2® Distribution of DY events in pd

1 £ e p+dat800 GeV/c T -
= 1 + W at 252 GeV/c

ar MCMH

hi(x, %) = Cp— e £ (x),

\
VI |

- ; ] 7 I+ ML
08 - a1 +Wat194 GeV/c -

i M. ] 2 a4

- 2 M2

i o 1 v = 16k, Pr’2c

0.6
>

0.4
0.2 |

0

V(W= ptpX)~ [valence h, ()] * [valence h,~(p)]
v(pd->p+p-X) ~ [valence h,;*(p)] * [sea h,™(p)]

Sea-quark BM functions are much smaller than valence quarks 4




CDF (PRL 106, 241801 (2011))
Angular Distribution of p-pbar DY at Z pole

0.8 = qq : Z+1jet
0.7 qG : Z+1jet
—ae-— CDF Tuned PYTHIA

-—o-— Data

0.6 F y
- -4 =-- ResBos
0.5 F=—+— FEWZ(NNLO)
o F- - % -+ Powheg L

:....'...'..T.I....I....I....I....I....I....
0 10 20 30 40 50 60 70 80 90
Dielectron P (GeV/c) 41




Boer-Mulders functions from unpolarized
pD and pp Drell-Yan

Z. Lu and I. Schmidt,

PRD 81, 034023 (2010)
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Flavor separation of the Boer—Mulders function
Z. Lu et al. (PLB 639 (2006) 494)

MIT Bag Model Spectator Model Large Nc limit
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Glauber gluons in pion-induced Drell-

Yan processes
C.P. Chang and H-n. Li, PLB 726 (2013) 262; arXiv:1305.4694

* The Glauber Gluon in the pion, the Nambu-
Goldstone boson, is responsible for the violation of
L-T relations in pion-induced DY.

* The proposal could be discriminated from the
effects of BM functions by pbar+p DY.

The proposal could also be tested by kaon-induced DY.
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Global Analysis of SIDIS
from HERMES and COMPASS

M. Anselmino et al., Eur.Phys.J.A39:89-100,2009
HERMES proton target COMPASS deuteron target

15[ 0 +  HERMES r 2002-2005 0.1+ 0 - COMPASS - 2003-2004
0.1k L preliminary L 0.051 r I
® 0 —]

0.05} ES - % e~ e ———————EEa ————————
o % _eu_’ 04}k i

(RE] — C é? 04[ i C I

01l i L ‘E - 0.05} - -

0.05} ”ﬁ% L / I D D OWﬁ“w&%‘
0 — — < 01p . J L L

0.1+ . - - 0.1} T L L

0.05| L L 0.05} . of
0 _.ﬁi—%—:—ﬂ %—oﬁ Dw—v—*@“"@
0 0102030405 02 04 06 08 02 0.4 06 0.8 1 10° 102 10" ¢ 02 04 06 038 05 1 15

X z P; (GeV) X z P; (GeV)

- - - aF 0 r r .

0.2 KD HERMES 2002-2005 U“_ KS ¢ [ COMPASS i 2003-2004

0.1F S L preliminary L 0.05 L A:F:'
r—_— —_— = 1 0 = ""% i

0.1} L N L B I ++ i + + l I ? + r T

ool I < 0.1} - e} ‘ . .

02 " ' ' —r = 0.1} + - F

™ 'fﬁ‘i%" K+ i % ),% A P [ ¢ '#?%i
0 % o 0 s 1

0.1}f L - < i i I

0.1} L L

0.2k L ‘ ) ) ‘ L o K' . . . .

0.2F K- F L b L T L

01t i - - el ) "//1 I Vﬂ%
0 %_“%Fi @

011 r r 0.1} + 3 3

.0_2.

P U S S — PR 02 04 06 08 05 1 15
0 01020304 05 02 04 06 08 02 04 06 0.8 1 107 10% 10 1 45

X z P; (GeV) X z Py (GeV)



Sivers Functions from SIDIS

M. Anselmino et al., Eur.Phys.J.A39:89-100, 2009
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Sign Change of Sivers & Boer-Mulders 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. Pijiman, Nucl. Phys. B 667 (2003) 201
Z.B. Kang, J.W. Qiu, Phys. Rev. Lett. 103 (2009) 172001

Drell-Yan SIDIS

LLSivers, BM |, = —1*Sivers, BM |SIDIS‘
+ Q

D gluon gauge Tink (Wilson Tine) in the initial state (DY) vs. final
state interactions (SIDIS).

* Experimental confirmation of the sign change will be a
crucial test of perturbative QCD and : 47



Planned Polarized Drell-Yan Experiments

TS L, B R mans
(Péé) ol + b i‘s’”idlez coy  a=0.1-009 2 x 10% cm2 s >2017
(PQQ'I?A 5+ pl }lg :G‘;\g coy  %=02-04 2 x 10%2 cm?2 s >2016
J-PARC pl +p 32 Sig coy  %=05-09 1x10% cm2 s >2015 ?2?
Z'Iﬁ/;) pl +p j;’"id;; Gey  a=01-08 1x 10% cm2 51 >2014
(PRHHEIE;X ol +p ig'idsego coy X1=005-0.1 2 x 10%2 cm2 s >2018
t'_‘;':;gt ig;zrsni'l ol +p flgozcgvaev X, = 0.25— 0.4 2 x 10% cm?2 s°1 >2018
;';ggt igrt]zrs”eaflz pl +p 320:(;;\/Gev x, =0.25-0.4 6 x 10% cm2 st >2018
52"\" ASSaQ“eSt /p; :; ﬁozﬁg\gev x, =0.3-0.9 1 x 10% cm2 s >2014

Wolfgang Lorenzon
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COMPASS Setup

Small Angle Spectrometer (SAS)
Large Angle Spectrometer (LAS)

- n Filter
Target Region ECAL & HCA
ECAL & HCALSI\/I2 /

SM1R|C|\ | \M!NP'C, M/

Beam:
Polarized lepton beam : p*, u 50-280 GeV/c

Hadron beam : n*, n*, K*, K, p

Target: Various Combinations of
Polarized NH; and SLiD target Beam & Target
Liquid hydrogen target 49

Nuclear target



Key Elements of Polarized DY Exp.:
Polarized NH, Target
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Wigner Distribution

Wigner Distribution

Ji, PRL91,062001(2003)

v
M
hadron(P,) 8\ ; X

b X' —— GPD
Transverse Momenturn Generalized Partm
Dependent PDFf(X’ kT) H(X, 5’ t)

o
X

Form Factors
R (1), F(t




Space-like vs. Time-like Processes
Muller et al., PRD 86 031502(R) (2012)

Deeply Virtual Compton Scattering Timelike Compton Scattering

(a)
FE=n019) = FE=—n1-0?

Fen @)= [ dax ¥ ST OF £t )
N i=u,d,

8
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Space-like vs. Time-like Processes
Muller et al., PRD 86 031502(R) (2012)

Deeply Virtual Meson Production Exclusive Meson-induced DY

2 T (!
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Parton Interpretation of GPDs
(Phys. Rept, 388, 41 (2003); arXiv:1302.2888)
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Pion-pole Dominance

|

— -"TE « 1+ other.b |
: contributions
——-“"".\--._

X+ (Z) 4m*g4(0)

m2 — t

B &0 0] < (e 5 0 (5
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Pion-pole Dominance (pis 523 (2001) 265)
pion Timelike Form Factor F_(Q*)

Pion-Photon Transition Form Factor

T # PN
'27 F_(Q")ine'e process
| -I BalBar dlata |
4 CLEO data
_— .| ® CELLO data
> = Belle
S
. Ng 02F &
pion pole Form Factor =% Wgﬁﬁ%i
L
T
N(p) N(p’) |
M *(zN = y*N) Q2 (GeV?)
(1) _
= —ieQ'F Fpole ulp', A" )ysu(p, A)
Q J‘T(Q )ZMf (f )V (1

+ non-pole terms. (11) 59



Exclusive Pion-Induced Drell-Yan Process
Bernard Pire , IWHS2011

small t = (q—0q')* _— large t = (q—q')°

T (q) ;t:r T _ N/
‘ T TDA
- ] H
/' o ,Hi Bi" o \ N H
N(p) N(p’) )

¢_ - pion distritribution amplitude (DA) | |TDA: z-N transistion distritribution amplitude

*DA characterizes the minimal *TDA characterizes the next-to-
valence Fock state of hadrons. minimal valence Fock state of
*DA of pion are also explored by hadrons.

pion-photon transition form factor *TDA of pion-nucleon is related to

in Belle and Barbar Exps. the pion cloud of nucleons. 60



http://indico.cern.ch/getFile.py/access?contribId=25&sessionId=11&resId=0&materialId=slides&confId=120851
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GPD(x,,Q%) in space-like regime
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GPD(x,,Q%) in both space-like and
time-like regime

—~ 30
S e J-PARC P(n)=15-20 GeV
3 e J-PARC P(1)=10-15 GeV
o~ o J-PARC P(n)= 5-10 GeV
e} Jlab DVCS P(e)= 12 GeV

20

10

ol 4 1 ! |
0 0.2 0.4 0.6 0.8

X
B
J-PARC program has the uniqueness at large-Q? region in the valence region and the results
with low-momentum pion beam (5-10 GeV, blue region) could be cross-checked with JLab's.



GPD & TDA

* The extraction of GPD and TDA (next-generation
PDF functions besides TMD) from data will rely on
an approach of global analysis and therefore
require the measurement of several observables
for different channels and reactions, over a wide

phase space.

* J-PARC’s results in the time-like region will be
complementary to what to be obtained in space-
like region from the deeply virtual Compton
scattering (DVCS) deeply virtual meson scattering
(DVMS) process to be measured in JLab.






s’do / dt [107 nb GeV'?]

Constituent-Counting Rule in Hard Exclusive

Process
Kawamura et al., PRD 88, 034010 (2013)
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Quark Degrees of A(1405)

Kawamura et al., PRD 88, 034010 (2013)
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Experimental Difficulties

7+ p — K+ A(1405)
K>z +7
A(1405) > 7+ X






J/W production in 22 GeV ntCu collisions

Nucl. Phy

o (X>0) cm?/NUCLEON

50‘30

s. B179 (1981) 189
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In fig. 3 we show the energy dependence of the
J/{¥ production cross sections for x > 0 for both inci-
dent pions and protons [10]. Again, the dashed curves
refer to the original quark fusion model [6] while the
solid curves include the threshold condition. We have
also examined the J/y decay angular distribution in
its center of mass and find it to be isotropic in the
Jackson frame. We also note the absence of a threshoid
enhancement and that the Fermi motion in the nucleus
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J/w-N Interaction Strength
Wu and Lee, PRC 88, 015205 (2013)
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J/w-N Interaction Strength
Wu and Lee, PRC 88, 015205 (2013)
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Look for production of hidden charm bound state. arXiv:1212.2440 72




2.3 Tm Dipol — K+
m lpo € DC PID JJ_..—-""J-J' K‘

Use forward D mesons
production

No Bias measurements
up to 3GeV/c? of

Beam - ll_ﬂ-: I

\ Charmed Baryon mass
High rate
Trackers TOF T

(Fiber, SSD)

LAMPS

* Large Acceptance, Multi-Particle
— K, 7from D° decays
— Soft m from D*- decays
— (Decay products from Y_*)

* High Resolution

* High Rate

_ SFT/SSD op >10M/5pi|| atK1.8 ° Good mass resolution is required
' ' — D% meson: 4.5 MeV, D* meson: 0.%ev




Expected Spectrum in the (t,D*") reaction

Signal: 1 nb/Yc* :~1000 events
BG: 1.8 mb (JAM)

H. Noumi’s talk
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niN di-lepton experiments at low
energies

 BNL (rtN at 16 and 22 GeV):
* Phys. Lett. B81 (1979) 397: di-lepton spectra
* Phys. Lett. B81 (1979) 401: J/psi
* Phys. Lett. B85 (1979) 427: Drell-Yan model
* Phys. Lett. B85 (1979) 432: pion structure function

e IHEP, USSR (rtN at 27 and 40 GeV):
e Nucl. Phys. B179 (1981) 189
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Muon pair production in 22 GeV

tCu collisions
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Muon pair production in 22 GeV
nCu collisions
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Fig. 3. The differential cross section do/dM for dimuon pro- T
duction by 22 GeV 7 on a Cu target. The curve is the pre- C.01 0.2 oa 08 o8 ”
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J/W production in 22 GeV nCu
collisions
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i In fig. 3 we show the energy dependence of the

J/y production cross sections for x > 0 for both inci-
dent pions and protons [10]. Again, the dashed curves
- refer to the original quark fusion model [6] while the
solid curves include the threshold condition. We have
also examined the J/y decay angular distribution in

its center of mass and find it to be isotropic in the
Jackson frame. We also note the absence of a threshoid
enhancement and that the Fermi motion in the nucleus
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Muon pair production in 27 and
40 GeV niN collisions

In the near-threshold region these differences become even more distinct:

o(7N-=J/y*...)
o(pN-=J/y™...)

_ ]2, forr=0.02,
{ 20, forr=0.2. 2)

xg>0

This fact is also in quite reasonable agreement with the model of J /y production
resulting from the fusion of quark-antiquark pairs.

Precise information of the angular distributions of Drell-Yan

and J/v will be essential in understanding their production
mechanisms at low energies.
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ntN Di-lepton Production:

Drell-Yan & J/v

e Drell-Yan:
* Pion partonic structure

 BM function (Violation of L-T

relation)
* Pion DA

e Valance-quark distributions
at large-x

* Parton energy loss
* Nuclear PDF
* Low-mass di-lepton
spectrum
o J/v:

* Production mechanism at
low energies

* Intrinsic charm of pion at
large xF

Beam: pion

Target: proton, deuteron
and nuclei

Detector: hadron absorber,
muon identification, di-
muon trigger

Pros: well-established
approach, complementary
to COMPASS.

Cons: bad momentum
resolutions due to relatively
large multiple-scattering
effect in hardon absorber.



oN

Drell-Yan & J/v

e Drell-Yan:

p+d/p+p ratio measurement for
u,d sea quark of nucleon at large-
X

BM function (Violation of L-T
relation)

Parton energy loss
Nuclear PDF
Low-mass di-lepton spectrum

Forward-backward asymmetry in
decay angular distribution of
Drell-Yan for probing Weinberg
angle at low Q”2

Production mechanism at low
energies; J/Psi production as an
alternative Drell-Yan to probe the
sea-quark in nucleon.

Intrinsic charm of proton at large
xF

Di-lepton Production:

Beam: proton (30 GeV)

Target: proton, deuteron and
nuclei

Detector: hadron absorber,
muon identification, di-muon
trigger

Pros: well-established
approach, complementary to
E906/SeaQuest.

Cons: small cross section; bad
momentum resolution of
muons due to relatively large
multiple-scattering effect.



KN Dilepton Production:
Drell-Yan & J/v

* Drell-Yan: * Beam: kaon
* K+d/K+p ratio  Target: proton, deuteron
measurement for strange and nuclei
sea quark of nucleon at
large-x. e Detector: beam PID,
* Kaon partonic structure hadron absorber, muon
* BM function or Glauber identification, di-muon
gluon responsible for L-T trigger
relation violation
. J/v: * Pros: novel measurement
' . . other than NA3.
* Production mechanism at
low energies. * Cons: bad momentum
* Intrinsic charm of kaon at resolution of muons due
large xF to relatively large

multiple-scattering effect.



ntN Exclusive Di-lepton Production

* Nucleon GPD
* Pion DA
* Pion-Nucleon TDA

Beam: pion

Target: proton, deuteron and
nuclei

Detector: hadron absorber, muon
identification, di-muon trigger

Pros: novel measurement for
determining GPD;
complementary to Jlab, GSI and
COMPASS.

Cons: bad momentum resolution
of muons becomes crucial in
ensuring the exclusive production;
relatively small production cross
section (1 pb).



N Hard Exclusive Hadron

Production
* Hadron tomography  Beam: pion-
e Color transparency e Target: proton, deuteron

e Charmed baryons and nuclei

* Detector: good

* Heavy exotics
spectrometer

* Pros: novel measurement,
large cross section

* Cons: Large background,
online trigger might be
needed.



Conceptual Detector System

* Beam PID: possibility of utilizing kaon and anti-p
beams

* Open aperture without hadron absorber before
momentum determination: minimize multiple-
scattering of muons

e Spectrometer with good momentum resolution and
particle ID

* Muon ID in the forward direction at the very
downstream
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J-PARC P50 Spectrometer

Spectrometer Concept

2.3 Tm Dipol — K+
=1 DC PID _— K

Beam 1 | [l
TOF \‘n:‘

High rate
Trackers
(Fiber, SSD)

* Large Acceptance, Multi-Particle
— K, wfrom D° decays
— Soft  from D*- decays
— (Decay products from Y_*)
* High Resolution
* High Rate
— SFT/SSD op. >10M/spill at K1.8
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J-PARC P50 Spectrometer + MulD

< >
2m FM magnet

Ring Image
Internal TOF wall = Cherenkov counter

Internal DC\

Beam gas LH2 target
Cherenkov N\

ﬂ:_l Imﬂvh\i@;
SSD

5 + Muon
Filter

1
Fiber tracker / 7‘.'[_

TOF wall

Internal TOF wall Large DC

Muons from pion/kaon in-flight decay might be a concern. 10]<60° Scintillator on

trigger device



Yield Estimation from J-PARC P50

Yield Estimation/Beam Time Request

* |, ..,=107 /s, n;-=4 g/cm?, AQ/Q~14%
br(D*->n D, DO>K*77)=0.67*0.039
¢(DAQ,Tracking,PID)=0.9*0.7*0.9
= 4.5 events/day/nb

* Missing Mass Resolution G,,,,~ 5.5 MeV

If a Peak Res. d0,,,,<5 MeV for dm,~100 MeV,
Keep sensitivity for excited states w/ I'~100 MeV
- >1000 events, >200 days




Yield Estimation based on J-PARC
P50 Parameters

* | oam=107 /s, Nn;s7=4 g/cm? (57cm LH2),
AQ/0~100% , e(DAQ, Tracking, PID)=0.9*0.7*0.9

-1 events/day/pb

* Beam time of 200 days
* Inclusive pion-induced Drell-Yan: OK
* Exclusive pion-induced Drell-Yan: Marginally OK

* Exclusive pion-N Lambda(1405) production: OK (multi-
particle acceptance?)

* Inclusive pion-induced J/psi production: OK
 Exclusive pion-N J/psi production: NO



20-GeV m- + proton—>u+u-X
Seen In P-50 Spectrometer
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§ 350 3 Red: ExclusiveDY ( 1 pb)
= 1 Blue: Inclusive DY (500 pb )
001 - Black: vector meson decay ( 25 mb)
2502_ _; Assumption: Ap/p=0.2%
200 — —
150 - = Background from the pion/kaon in-flight
- 4 decay is not included and will be studied.
m;_ “I! - Inprinciple this background could be
50 | = removed using like-sign subtraction.
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Summary (I)

* The high-energy hadron beam at J-PARC might be
most ideal tool for the hard exclusive processes
where valance-like partonic structure of hadrons
could be studied .

* The study of n-induced DY/charm production and
hard exclusive processes will offer important
understanding on many aspects of QCD via

* Nucleon structure: sea quarks PDF; TMD, GPD, TDA
 pion structure: DA and Timelike FF

 Structure of exotic hadrons

* J/v production mechanism, exotic charmed baryons



Summary (Il)

e Spectrometer with large acceptance and good mass
resolution is required. The measurement using P-50
conceptual spectrometer is feasible. Longer target
cell is preferred.

e Deuterium target together with the possibility of
measuring recoiled protons will enable the
measurement of flavor separation of BM functions
and valance-quark distributions at large-x.



