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Outline

* Uniqueness of hadron physics studied at HiPBL of J-
PARC

* Selected Physics Processes:
* Drell-Yan process
e Hard exclusive process
e Charmed production process

* Feasibility study of Drell-Yan processes in the
conceptual detector system

* Summary
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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
* 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






Wigner Distribution

Wigner Distribution

Ji, PRL91,062001(2003)

v
hadron(P,) 8\ / “«\,_ﬁ( .

P X' /(\:cip_b_/>\

Transverse Momenturn Generalized Parton Distr.
Dependent PDFf(X’ kT) H(X, 5’ t)

o
X

Form Factors
R (1), F(




Fotefx)

Unpolarized Parton Distributions (CTEQ®6)
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s U=d inthe proton?
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Gottfried Sum Rule

Se = [ [(F2 (%)~ F(x)) / ]dx

= 10,00, () 42 [ @00 - ()

=§ (if T(x) = d (X))



Experimental Measurement of Gottfried Sum

S. Kumano, Physics Reports, 303 (1998) 183
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( Significantly lower than 1/3!)
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Light Antiquark Flavor Asymmetry: Drell-Yan Exps

B Naive Assumption: 225 ¢
d(x) = u(z) b A NASI
B NMC (Gottfried Sum Rule) : 1 — MRS:2
s 1.75 CTEQ4m
/ [d(x) — u(x)] dz #0
° L5
B NA51 (Drell-Yan, 1994)
7 1.25
d>uatx=0.18 2
o)
L r
075 E NA 51 Drell-Yan
; confirms
0> ¢ ax) > T(x)
025 F
0 | I | | |




Light Antiquark Flavor Asymmetry: Drell-Yan Exps

B Naive Assumption: 2.25
d(z) = u(x)
B NMC (Gottfried Sum Rule)

/0 (d(z) — ()] da # 0

B NA51 (Drell-Yan, 1994)
d>uatx=0.18 |
B E866/NuSea (Drell-Yan, 1998) !
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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
0.6 F I

+ 3 | \
T (ud = A
! ) : I K Pobylitsa et al.
= . y
_ 3 04 F |IM Chiral Quark Soli.
N AN - i.: U R — % Dorokhov and
—r—rd I N Kachelev
p P 02 + Instanton

« Chiral quark model (Eichten
et al. 1992; Wakamatsu 1992):
Goldstone bosons couple to valence

quarks. ' (ud) 0. - " .
X
U= —U

N 17
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Intrinsic Charm Quarks in Light-Front
5qg Fock States

p WH— In the 1980’s Brodsky, Hoyer, Peterson, Sakai (BHPS)

U_’:i - (1 H H 7
; suggested the existence of “intrinsic” charm

% (PLB 93,451; PRD 23, 2745).

r | p>=P,, |uud >+R,, [uudQQ >+P,  |uudg >.....
E=
== 5 5 m2

: = 2 2
e P(Xyens %) = NsS(1= 3 %) 1 [mg = > ]
Fixed LF tume i=1 i—1 i

* Dominant Fock state configurations have the minimal invariant
mass, i.e. the ones with equal-rapidity constituents.

* The large charm mass gives the c quark a larger x than the other
comoving light partons, more valence-like.
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Intrinsic Charm Quarks in Light-Front 59
Fock States

Brodsky, Hoyer, Peterson, Sakai (BHPS)
PLB 93,451 (1980); PRD 23, 2745 (1981)

The "Intrinsic"-charm from |uudcC) Is "valence"-like
and peak at large x unlike the "extrinsic" sea (g — cC)

0.04 Y 1 - ,

\— extrinsic ___

0.03 | | - The |uudcC) Intrinsic-charm
200l /) “intrinsic” | |can lead to large contribution
L& * .‘ / -

o \ to charm production at large x.

. - "‘ L
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http://arxiv.org/abs/1102.5631

Search for the lighter “intrinsic”

sea guark

‘ p> — P3q ‘UUd>+ P5q ‘UUdQQ>—|— ------

No conclusive experimental evidence for
intrinsic-charm so far

Are there experimental evidences for the Intrinsic

|uudul), |uude

d), |uudss) 5-quark states ?

Ry ~1/ mé

The 5-quark states for lighter quarks
have larger probabilities! o



Data of d(x)-u(x)
vs. Light-Front 5g Fock States

uuddd sudud * The data are in good
£ B =0.118  agreement with the 5q

s T pr— model after evolution
3 1 ( e (0.5 GeY) from the initial scale p
S BHPS (1=0.3 GeV) to Q2=54 GeV/?

* The difference of these
two 5-quark
components could be

o determined.

Chang and Peng, PRL 106, 252002 (2011)
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(d-u)

Extraction of various 50-
components for light quarks
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Diagrams of Nucleon Hadronic
Tensor in Path—lntegral Formalism
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Connected and Disconnected Sea

Liu and Dong, PRL 72, 1790 (1994)

* q%(x)=g%(x), where g=u, d, s; s(x)=s(x)
» TO(x)=d%(x)

* g%(x)=q(x), where g=u, d

» Origin of U(x)zd(x): Ucs(x)zds(x)

 Small-x behaviors:
° qvalence(x) ) qcs(x) ~ X-1/2
* g%(x) ~x!

How to separate these two components?
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Ratio of Momentum Fraction between
s and u in DI by Lattice QCD

Connected Insertion (Cl)

Doi, et al. PoS LATTICE2008:163, 2008
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Connected Sea u®(x)+d“(x)
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Small-x Behaviors of CS and DS
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Origin of u(x)=d(x)?

« Pauli blocking of valance 12

E866/NuS Peng et al.
quarkS . A HERM];S - N?gsgoﬁ élloud
« Meson cloud in the il T Alhers, Henley
nucleons (Thomas 1983, Kumano 0.8 _—‘\'; Meson Cloud
1991): Sullivan process in DIS. -
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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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Ratio of Drell-Yan cross sections 2.25

B Global NLO PDF fits which 1.25

B E906 expects systematic
uncertainty to remain at approx. [ ==

Extracting d-bar/-ubar From Drell-Yan Scattering

oPd

20PP

el

Ty >Tt

(in leading order—EB866 data analysis | 5
confirmed in NLO)

B
include E866 cross section ratios

® 1906
1 34°10" POT

B E866

A NA5SI
— MRS12
CTEQ4m
CTEQO6

s

agree with E866 results

® Fermilab EQ06/Drell-Yan will 075 [
extend these measurements and .

reduce statistical uncertainty. 05 F

025 | E866 Systematic Error S

w

|.A|N\s!:asli|l..l——l—'

1% In cross section ratio. 0 0

Meeting on High-energy hadron physics at J-PARC Feb. 13, 2014

0.1
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0.3

X
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13:50 - 14:30 (30+10): Kenichi Nakano (Tokyo Tech), Status of Physics Run of Fermilab SeaQuest Experiment
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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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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
36



EK66 (PRL99 (2007) 082301 PRL 102 (2009) 182001)
Consistency of LT relation for DY events in pd, pp

[ O E866 p+d at 800 GeV/c ]
L % NA107+W at 194 GeV/ic ¢ E615 +W at 252 GeV/c |

"p; (GeVrc)

2v-(1-1)

P (GeV/c)



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

1 - o p+dat800GeVic T -
- =+ Wat252 GeV/c ]
08 - 4 7 +W at 194 GeV/c T

0.6

>

0.4

0.2

0

V(W= p+pX)~ [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 38




sin ((Dh - ¢s)

sin ((bh - (I)s)

uT

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
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Sivers Functions from SIDIS

M. Anselmino et al., Eur.Phys.J.A39:89-100, 2009

Q% =2.4 GeV?

02 04 06 0.8 1

X k| (GeV)




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 : 41



Planned Polarized Drell-Yan Experiments
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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 43

Nuclear target



Key Elements of Polarized DY Exp.:
Polarized NH, Target
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COI\/IPAS

Theoretical Predictions vs.
ed Precision
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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(




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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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) 51



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. 52
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nTN—u+u-N (PLB 523 (2001) 265)
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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(n)=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.






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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J/W production in 22 GeV ntCu collisions

Nucl. Phy

o (X>0) cm?/NUCLEON

50‘30

s. B179 (1981) 189

|O_3| |

|O_32

G(nN)>>G(pN): qq fusion dominates

|0-35

I

T
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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 62




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: 0.7 Igev




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

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

H. Noumi’s talk

A,(2940) ??

Counts/3MeV

Ilil IIIIIllilllllillllilIll!illIlillillillllillll
23 24 25 26 27 28 29 3 31 3.2
Missing Mass (GeV/c?)

NoF







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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001 - Black: vector meson decay ( 25 mb)
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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

* 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

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



