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Introduction:

J/W is a compact relativistic system.
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Near Threshold Production On Proton

* Motivation: -
 Search for threshold i, ‘-
enhancement N
e Study the angular distribution
of J/U production
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Search for Threshold Enhancement

e Threshold enhancement has e As an example:

been widely observed in: — Brodsky et al proposed the

ee — pp 3-gluon interaction:
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Study the Decay Angular Distribution of J/{

 The decay angular distribution of J/{ would reveal
important information of the production mechanism.

— Test s-channel helicity conservation (SCHC) near threshold.
%(1— ) +%(3r0%4 ~1)cos? 8 —+/2 Rer sin 20 cos ¢ — r* sin? §cos 2¢

—£00524(r} sin? @+ 1, cos® @ — /2 Rer} sin 26cos p -, sin? @.cos 2¢)
W (cos 8, ¢, @) = %< —£5in 2¢(x/2 Im 2 sin 20sin ¢ + Im r?, sin? @sin 2¢) -
+yf2e(1+£) cos g(r2 sin? O+, cos? 6 —+/2 Re 2 sin 20.cos o —r°, sin? 6¢os 2¢)

+[2e(1+£) sin g(/2 Im S sin 20sin @+ Im £, sin? Gsin 2¢)

hadronic centre of mass

p direction in the

hadronic centre __—""

of mass system

p rest frame

EPJC 13 371 (2000) change pions
to electrons

electron scattering plane production plane



Expectation: Natural Parity Exchange

Element

NPE and Th-1 =Tiwo =0

NPE and SCHC
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M. Vanderhaeghen: SCHC well tested at HERA energy, no systematic tests near
Natural vs. unnatural parity exchange.

threshold.

Working in progress
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do
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Study the Angular Distribution of J/
Production
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Measure angular dependence (lepton
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Looking at Phase Space @ 11 GeV
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Current SoLID SIDIS Setup

Solenoidal detector for SIDIS
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Looking at Phase Space @ 11 GeV
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Modification of Setup

Need larger large-angle detection for decay electron/positron:

Larger opening angle for front yoke.

Slightly more forward for large angle calorimeter and 4th layer
of GEM chamber. Larger GEM Chamber would needed for 15t-3d
chamber.

Solenoidal detector for SIDIS
okt T

£300
Need forward angle -
detection of scattered |
electron and recoil -
proton: o
Move 4 cm target .
to -10 cm (compared :
to SIDIS setup. 00 |
Luminosity: : _
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~10 uAon4 cm N A | s |8 E— *
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Acceptance from GEANT3
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Map the near-threshold region:

Strategy of SoLID-JPsi

e Electro-production:

€3 PSe 6" +caRlD - 4-fold — 4-fold + 3 fold n.p.
e+p—>e'+e +e +(p) 3foldnp. e Photo-production:
e+p—(e)+e +e + P 3flodnse. — 3 fold n.s.e

e Advantages of electro-production:

Since the scattered electron is detected, the W (thus tmin) is well determined.
3-fold will have larger
statistics. oW ~0.08GeV i -
Background can be understood . do
with 4-fold exclusive channel O = j ——dt

J ot

— “toin

- (GeV?)

Also Q2 >0.5-1 Ge\? /

Suitable to study L-T interference & 2
and helicity-flip amplitude through J/{ decay
Suitable to study B-H, J/{ interference.

-
W A 0 N B ©® O
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e Advantages of photo-production:

Large statistics at Q2 ~ 0, well suited to study t-dependence at high W.
Comparison between electro-production vs. photo-production.
Suitable to study Ratio of Longitudinal vs. Transverse Cross Section.



Rates Estimation

e Use Equivalent Photon Approximation
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Event Rates @ 1e37 @ 50 days

e 4-fold coincidence: e
—0.94 * exp(0.97t): 4.5k
— 2g-only: 0.68 k events
—2g +3g: 2.9 k events

e 3-folid n.p.:
— 0.94%exp(0.97 t): 12k
— 2g-only: 2.1 k events =,
— 2g+3g: 8.08 k events

e Good to study a ~10%
asymmetry of B-H & J/Y
interference

-
(=2}

=y
N

-
[

—

-
o

-
o

3-fold n.p.

04

|||||||||||||||||||||||||||||

[=;]
N
e o

N



Projections

0.4

0.3

0.2

0.1

IIII|TI[I|II1I|[III|(|II|\III

| | | | | L

£

405 41 415 42 425 43 435 44

For W< 4.12 GeV
— 3-fold n.p.

e 2-3g: 342 events
— 4-fold

e 2-3g: 50.8 events

[=]
o
_\llwiII\\II\(lli\l|iII||I|I||\III‘III\|I\II|\

| | | | |

F -9

405 41 415 42 425 43 435 44 445 45

W (GeV)

do/dt

3

10'25—

E 2g only

10% o B b b b Lo b v b b i Ly iy
4 405 41 415 42 425 43 435 44 445 45

-fold n.p.

10-1 E_ //

W (GeV)



Angular Coverage

JPsi Decay Distribution

Also good
coverage of
azimuthal angle
of J/Y
production angle
due to 2mt
azimuthal
coverage in the
lab frame.

-10 50 100 150 200 250 300 350

Dy (deg)

One can study the J/W Decay Distributions at
different kinematics.




3-fold n.s.e.
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Physics with Deuteron (incoherent)

HERMES: Two components to s(x,Q2)!

X(s+8)

W. C. Chang
and J.-C. Peng

arXiv:11045.2381
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e Suggest a 1% intrinsic charm.
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Looking at high
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Fig. 5. The vanation of the cross-section of the reaction
y D — pnJ /Y against the neutron momentum |r|, at fixed .
Solid line: quasi-free contribution. Dashed line: contribution of a
hidden-color component when its probability is 0.1%. Dash-dotted
curve: the same for a probability of 1%.

Brodsky et al PLB 498 23 (2001)
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Physics with Deuteron (Coherent)

J/Psi photo-production from the deuteron '

Fd3VEd Coherent

. Bk i\ FPPG - ROV R
PO = *f 2@ o (%) Tk, —Antie AP
l O* 4 mf %4 ‘_’m'f o mf- +t
Ah = —+ - =2 > r

Friday, March 30, 12

2 2v i

Also Physics with nuclear target

Medium propogation of J/{
(existing Hall C proposal)

Eugene: SoLID is the ideal device

to do this study.
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[ 5SS (A) 0,u=10 mb (VMD)

L — — - (C) Tuu=30 mb (b..=10 GeVv?) _f"'
| —-=—--Single scattering s

E,.=2.6—3.6 GeV

e This work

o (B) Opu=30 mb (VMD)

1 1 a5 1 1 1 1 1 1 n
-2 -1.75 -1.5 -1.25 -1 -0.75 -0.5 -0.25, > 0
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Search for the change of
slope in coherent deuteron
production

Enough Rate?
Work in progress
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Backgrounds

Random Coincidence

(e.g. ep + e*e’)

— Multiple combinations

— Suppressed by exclusive condition

(detector resolution)
Physics Backgrounds
Single rate

— Rate comparison with Pythia

— Design of trigger and DAQ

Background Rate on Detectors

@ 1e37 N/cm?/s

2012 NPCFQCD

Q\\’&\%
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Backgrounds (GEM + MRPC)

Background Rate SolLID-J/W-CLEO S B s

r rate in kHz/rm?*

Background rates on GEM are very close to
the SoLID-Spin Setup.

2012 NPCFQCD 23




Energy Flux

Backgrounds (Calorimeter)

Background Rate SolLID-J/W-CLEO

Background Rate SoLID-Spin-CDF

in Gev/10cm?*/sec
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Background rates on Calorimeter are slightly
higher without the target collimator.




Trigger Design
 We potentially have the following physics topics:
e +p—o>e +J/y(e +e’)+"p"

e +Do>e +p+J/ywy(e +e7)+"n'
e +tDo>e +J/yw(e +e")+"D"

e A triple coincidence of scattered electron, decay
electron and positrons from J/W will be good
enough for both channels.

e Trigger Rate <1 kHz @ 1e37 N/cm?/s
e Compare to SIDIS ~50'kHzL2 rate




Backgrounds (Random Coincidence)
e +p—o>e +p+J/y(e +e7)

We used e (scattered electron), p (recoil proton), Je (decay
electron from J/W) and Jp (decay positron from J/W).

2-fold coincidence includes: (e,p)+(Je,Jp), (e,Je)+(p,Ip),
(e,Jp)+(Je,p) and (e Je,Ip)+(p), (e,Je,p)+Up), (e,Jp,p)+(Je),
(p,Jp,Je)+(e)

3-fold coincidence includes: (e,p)+(Je)+(Jp), (e,Je)+(p)+(Jp),
(e,Jp)+(p)+UJe), (Je,Ip)+(e)+(p), Je,p)+(e)+(Ip),
(Jp,p)+(e)+(Je)

4-fold coincidence is (e)+(p)+{Je)+(Jp)



Pythia (11 GeV e+p)

e Use PYTHIA exclusive event generator.

— Input file (HERMES tuned, from H. Avakian)

— SIDIS (e,em) rates are in reasonable agreement with
data/calculations.

— Event range
e 0.05<y<0.95 and 0.1<Q?< 1500 GeV?

— Event Selection (mimic SoLID acceptance):

e Recoil Proton: P>1GeV, 8215 degrees
e Scattered Electron: 2.5>P>1 GeV, 8> 15 degrees
e Decay Electron: P>2.5GeV 8225 degrees

* Decay Positron: P>2.5GeV 8225 degrees



e +p—oe +p+J/y(e +e")

 This channel is selected using invariant mass
of J/W, and missing mass.

e+p->e+p+Je+lp

With momentum/angles smeared
according to expected detector

III|III|III||II

resolution.

No physics background for
this channel in Pythia.
Preliminary study of B-H
show small contamination.

Very Clear Separation!

M2

missing

28



Suppression Factor is 8e-5 for (e,p) + (Je,Ip)

e+p->e+p+Je+lp
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missing

e Random Coincidence Rate is then: 4.3 e-7 Hz
* Physics Rate is 0.015 Hz in Pythia
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2-Fold Random Coincidence (Subtractable)

Channel Rate of first | Rate of Suppression | Effective
second Factor Rate (Hz)

(e,Je)+(Jp,p) 0.28 kHz 67 kHz 3e-7 3.4e-8
(e,Jp)+(Je,p) 0.035 kHz 67 kHz 5e-8 7.0e-10
(e,p)+(Je,Jp) 22.3 kHz 0.04 kHz 8e-5 4.3e-7
(e,Je,Jp)+(p) 0.01 kHz 306 kHz 9.3e-5 1.7e-6
(e,Je,p)+(Jp) 0.04 kHz 0.13 kHz 1.3e-8 4e-13
(e,Jp,p)+(Je) 0.0037 kHz 460 kHz 4.7e-7 4.8e-9
(Je,Jp,p)+(e) 0.0048 kHz 165 kHz 1.75e-3 8.3e-6

Physics Rate is 0.015 Hz in Pythia, 1.2e-3 in our calculation
The background is expected to be < 1% level for (e,Je,Jp,p).
Long extended target at low beam current would help.

Random Coincidence should not be a problem.




Comparison

e SoLID-Jpsi will emphasize the electro-production
and related mechanism.

e Complementary to other Halls

— Hall B will only do photo-production of J/{
e SoLID will win in luminosity (x50), probably ran later though.

— Hall C will have 1 or 2 points in W (100> 200 events
with 2-3 g)
e SolLID will do a thorough scan in the near-threshold W range.
e We shoot to finish draft proposal by 24t this
month. We will circulate draft proposal in SoLID

collaboration shortly after that.



Summary

e Near-threshold electro/photo J/y production
would reveal the role of the non-perturbative
gluon interaction.

— Search for threshold enhancement.
— J/U Decay angular distribution
— Measure interference with B-H (real vs. imaginary

part of amplitude)

— Also physics with deuteron/nuclei (hidden color,
Jpsi-N interaction etc.) to be carefully studied

e SoLID is a near ideal device for this study
— High luminosity + Large acceptance = Rare signal.



