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Why study J/w photoproduction?

» There are “almost’ no cc in the nucleon, production of J/y goes via gluon
exchange

» Small size QQ state due to large mass of c-quark

Unique probe of the gluon field of the target

Y — Jy —

X X %E %

)
N ——(GPD }— N o _
At high énergies (HERA, FNAL) prbbes Near threshold (large momentum
gluon GPDs. Considerable amount of transferred) probes gluonic form factor.
data at W > 10 GeV, in good agreement No data below Ey=11 GeV, enhancement
with 2-gluon exchange mechanism near threshold is expected due to multi-

gluon exchange
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VDM picture of the production

« o>« > m ~15GeV:
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! 4m; 2mc(mw,—mj/w)

Favorable kinematics for studying
e production mechanism near threshold
* nucleons’ local gluon field distribution, b, r << 1 fm
« J/yN scattering, /. and /I ~ fm
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J/v photoproduction near threshold

= The lowest published energy pointis at £ 'U Vv aastic 3
E =11 GeV = -+ Cornell 75 ]
= Production mechanisms, 2-gluonor 3- 2 0 ¢ =
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SLAC single arm measurements

Flattening of cross section near the threshold —
can it be due to a resonance? 20
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S. Brodsky, SLAC-PUB-14985
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Proton mass

« Current quark mass accounts only for ~1% of proton’s mass
« The mass of the nucleon is due to quantum fluctuations, the gluons, and the
kinetic energy of quarks

, I . I u T O Trace
0.4 Rfsf:pid acquisition of mass is | Anomaly @ Quark
_ s~ffect of gluon cloud 0
P 20% Energy

s/ -

29%

0.3 — m=0(Chiral limit)] |
;- — m = 30 MeV
‘3' - m =70 MeV
20.2-
=

0.1
I O Gluon ® Quark
Energy Mass
% 2 3 34% 17%
p [GeV]
(P| [ a3xT?° |P)
Mp = (PlP) |atrest:Mq+Mg+Mm+Ma
X. Ji, PRL (1995)
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Quarkonium scattering and trace anomaly

1 1 . Kh . Konium i ions in QCD, 1995 nucl-th/9601029
* The elastic photoproduction of a vector D e e O Zinovien, L e 65:456-462, 1999
meson can be related to the vector-meson

) T ~
nucleon scattering 3 YN IR N
e
=
doyN-yN — . 3:-T(V—-oete) . doyn—yn i
dt a - mV dt % 10 2_
5 0%
do_l/JN—npN 1 1 2
d |t=0=64 M2 (12 2 |M1/JN|
t /I mz/)( —mN) ol
« Through optical theorem, the imaginary e
part is related to the total cross section : / “ o GITTELNANTS (CORNELL
' “ v BINKLEY82
* The real part, with a large contribution LE o] | pADSdERANY
near threshold, contains trace anomaly S e
10 10

Quarkonium-proton interaction at low energy probes the distribution of o

mass inside the proton.
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9
‘ Charmonium photoproduction and the proton mass

Hot topic- JLAB experiments will have significant contribution

The Proton Mass

At the heart of most visible matter.
Temple University, March 28-29,2016

T T
Rapid acquisiion of mass 1s
_ oifoct of gluon cloud

= oo

Mip) [GeV]
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p(GeV)

M, =2m + mf Hqep =Hy+Hp+Hg+ H,
Quark kinetic and = B bt (3D« )
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The Proton Mass: At the Heart of Most Visible Matter

Trento, April 3 - 7, 2017

Main Topics
Hadron mass decomposition in terms of constituents:
Uniqueness of the decomposition, Quark mass, and quark and gluon energy contribution, Anomaly contribution, ..
‘Hadron mass calculations:
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LHCDb hidden charmed pentaquarks

Amplitude anaIyS|s of the decay AO — K~ p]/lp with two interfering
modes of A decay (with 14 A* states listed by PDG)

A= N J/y b ¢

Two exotic ccuud 5-quark states, Pc+, were needed to converge
The significance of each of these resonances is more than 9.

R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 115, 072001
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The new J/yp pentaquark states, P’

M =4380*£8=+29 MeV
['=205+18+86 MeV
JP=3/2-

M,=4449.8+1.7+2.5 MeV
[,=39x5+19 MeV,
JP= 5/2*.

R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 115, 072001
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Interpretation of new states

Charmed Baryon and anti-charmed meson molecule:

* M. Karliner and J. L. Rosner, arXiv:1506.06386 — —
« L.Roca, J. Nieves, and E. Oset, arXiv:1507.04249 D 2 _D 2
R. Chen, X. Liu, X.-Q. Li, and S.-L. Zhu, arXiv:1507.03704 C C
H-X. Chen, W. Chen, X. Liu, T.G. Steele, and S-L. Zhu, arXiv:1507.0317

J. He, arXiv:1507.05200

U.-G. Meiner and J. A. Oller,, arXiv:1507.07478. For P(4550) Xc]p

« A. Mironov and A. Morozov, arXiv:1507.04694. Is NOT a molecule

A resonance state or reflection:
« F.-K. Guo, U.-G. Meiner, W. Wang, and Z. Yang, arXiv:1507.04950; Dominant decay to X.,Pif real

* M. Mikhasenko, arXiv:1507.06552. Possible reflection in the complicated decay chain

Need independent verification with a different production mechanism
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JLAB12 — a new energy regime

The energy of upgraded JLAB machine, CEBAF, is well above J/vy
production threshold energy, 8.2 GeV, on a free nucleon

With up to 12 GeV electron beam, the threshold region will be studied in
great detail using high luminosity detectors in all Halls

The same experiments are well positioned to search and study LHCb hidden
charm pentaquarks

Currently three experiments have been approved and one is running:
o Gluex data analysis (no approved experiment)

o E12-16-007 using spectrometers in Hall-C,

o E12-12-006 using future SoLID detector in Hall-A, 50 days approved

0 E12-12-001 on CLAS12 in Hall-B, 130 days approved and the new proposal
PR12-17-001

A new proposal has been submitted to PAC45 for extended studies of the
J/y and charmed pentaquark photoproduction

OFFICE OF
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JLab Upgrade to 12 GeV

E =2.2 GeV/pass hall
E..x = 11 GeV for Halls A, B, and C
Eox = 12 GeV for Hall-D

20 cryomodules

| =100 pA
P = 85%

3-Hall operations
(499 MHz/Hall)

Add 5
cryomodules

Enhance equipment
in existing halls
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Hall-D Gluex results

« All 2016 data: exclusive events pet*e, the ete PID using the electromagnetic
calorimeters BCAL and FCAL. Kinematic fit with the beam energy from the
tagger

« Planned measurements, after adding the
2017 Spring data will limit the pentaquark
yield (the mass resolution 6 MeV/c?)

MC normalized to ¢ x-sec. kin.fit x°<200, ee>2°

> : : : ..

2160 ----------------;------------G-Iue)é(--20-1-6--da-t§--(-prehml@a-r-y)---------------
c A 1 i|—dta |
2 140 —_ Bethe-Heitler + ¢ MC

g 1204 e e
(O]

[ || «———"2.gluon exchange

T PP PR

o(yp — J/y elastic) ARBITRARY UNITS

.......................................................................

e T e T 3 35 8 10 12 14 16 18 20 22
e*e” invariant mass, GeV Ey GeV
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Arbitrary Units

Hall-C experiment E12-16-007

€
* Only e*e™ pair from J/iy decay will be detected.
* The four momentum transfer to the proton, ¢, and
the real photon energy Ey are determined from
reconstructed three-momentum of the J/yp.  =omee g @ ot
 The region of kinematics where J/y oo AL
t-channel production is suppressed Hydrogen Q%‘ Detector Stacks:
target . .
. . Q4 Tracking/ Timing:
 Total of 9 days of beam time is %, QQ‘ 1 it Crambers
4 .Hodoscopes
requested for measurements 0 y///@ Partile I: |
\; \ .Gas Cerenkov
(// \\ / 4) 4. Lead Glass Calorimeter
of T TR E + £ e
L O r —— P 3/2- (5.0% coupling) B O —— P 3/2- (5.0% coupling) i
L 2001 — P, 5/2+ (5.0% coupling) | 1 K — P, 5/2+ (5.0% coupling) | _|
61— = L sum ] 200 sum |
i 150: —e— 9 day estimate { - —e— 9 day estimate
af - -
- 1OO: E 100; —
2; B 5of . E
Sttt S AT S I ee e 5. o8 TN B e DT |
M, [GeV] t[GeV?] E, [GeV]
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Hall-A SoLID experiment

* 11GeV, 3uA e- beam on 15cm LH, target, luminosity 1.2x1037 cm2 s-' for 50 days

» Measure the t- and energy dependence of the J/iy photo- and electroproduction cross
sections near threshold

« J/Y will be identified through its decay to (e*e’)

 Measurement includes analysis of the decay angular distribution and the study of
interference with Bethe-Heitler process (to separate real and imaginary parts of the
amplitude)

= B
EM Calorimeter = e
~ S
EM Calorimeter ..-#‘“
(large angle) =3 + .,."‘.
., : #
E_ f —=e— Cornell 75
s 5 —+— SLAC75
~ = —&— Barate et al.
= i —=— SLAC 76 unpublished
= : —e— Electro-prod
” —=a— Photo-prod.
§ | | | f | | | | L
10
E, (GeV)
= rg,is&‘i*é‘NCE S. Stepanyan, Seminar INFN Genoa, ;?
) — May 22 (2017) Jefferson Lab . @
/. DThomas Jefferson National Accelerator Facility y
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New proposal — JLAB PAC45

Near threshold J/¢ photoproduction and study of LHCb pentaquarks with CLAS12

M. Battaglieri*, A. Celentano*, and R. De Vita*
INFN, Sezione di Genova, 16146 Genova, Italy

N. Baltzell, V. Burkert, V. Kubarovsky*, and S. Stepanyan*T

Thomas Jefferson National Accelerator Facility, Newport News, VA 23606
* Co-spokespersons

« Extends measurements of approved CLAS12 experiment E12-12-001
* Includes JWY—u*u decay mode
» Will study charmed pentaquarks, P.(4380) and P_(4450).

B 765 QA S. Stepanyan, Seminar INFN Genoa, :
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CLAS12 in Hall-B

FD CDh
Track 50 — 400 350 — 1250
Photons 20 — 400 ---
Resolution
dp/p (%) <1@5GeVic | <5@ 1.5GeV/c
do (mr) <1 <10-20
Ad (mr) <3 < 5

Photon detection
Energy (MeV) | >150 ---

56 (mr) 4 @1 GeV ---
Neutron detection Neg< 0.7 Ne< 0.3
Particle ID
eln Full range ---
T/p <5 GeV/c <1.25 GeV/c
Central Detector /K < 2.6 GeVic < 0.65 GeV/c
K/p <4 GeVl/c <1.0 GeV/c
m(n)=>yy Full range -

L=10"cm™>s™"
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Hall-B CLAS12 experiment

0 Untagged photoproduction — ala CLAS and proposed E12-12-001 analysis:
- Recoil proton and decay leptons will be detected
- kinematcis of the scattered electron will be reconstructed in the missing
momentum analysis

0 Tagged photoproduction — as CLAS12 MesonX:
- scattered electron will be detected in the CLAS12 FT, Q2<0.02 GeV?
- Multiple combination of hadronic final state (the recoil proton and the J/iy decay
leptons) will be detected in CLAS12 FD

CLAS12 Forward Tagger

CLAS12 Forward Detector

=
q L

|

e |

\

| 2
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e*e- with CLAS at 6 GeV

Electron scattering at ~0 degree as a source
of quasi-real photo-production events

ep —>ee pX

P P Pxy_Pmis1 L
Ty P Entries 267166 1.4 :
e1fdataP . VSP _ Meanx -0.0003485 r.
mis | mis Meany -0.001538 L .
RMS x 0.477 1.2~ ..
_ -] RMS y 04772 i
4 . X -
10 = 7
103_? “Q B
:. (\% 0.8:'_: '--. .L'...l.
10°3 S n oI
_ g1().6_— - u.
5 0.4 " L
HERRUE
E! A .I" l::': ) a 3 . T
o E L i e A | O N S
04 03 -02 -01 0 01 02 03 04

MM? GeV?/c?

X — is identified as an electron scattered at 0 degrees,
Q2%<0.01 (GeV/c)? and |M,?|<0.1 (GeV)?
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Vector mesons in photoproduction of lepton pairs

CLAS/E1-6 ; E (2.4+ 3)GeV
: . - fitting method
) (6))] - - Bgr substraction method
- e B <! D Tedeschi: E (2.4 2.6)GeV

107 E o (I) ; B <!/ D Tedeschi: E (2.6+ 2.8)GeV

- ‘ //_ & BRS¢/ D Tedeschi: E (2.8 3)GeV

: (D T | ’

M. > 1.1 GeV S #

107 . N N

- for TCS analysis| ¢ | .

C o = ; £

B O

0 + s
- - u

10 T —=>ye'e : )

; 10 N N 3

- | Preliminary ¢ %_

= - g
- R R R N R A SR N N S AR SR B R mu | L l 1 L L I L L L I L L L | ?
0 0.5 1 L5 2 2! 0.2 0.4 0.6 0.8
Me'e*)GeV/c? -H(GeV/c)

Data from CLAS e1-6 and e1f experiment, R. Paremuzyan
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CLAS12 performance — untagged potoproductionh

ep > p'ltl (e');l=e,u

Recoil proton and decay leptons are detected

Kinematcis of the scattered electron will be
reconstructed in the missing momentum analysis
- requires missing transvers momentum to be ~0

Acceptance covers the mass range of charmed
pentaquarks

%) DS

CIENCE
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Counts
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»810
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‘ Mass resolutions

24

« J/Y will be identified in the lepton pair invariant mass analysis
« Charmed pentaquarks, P.(4380) and P (4450), will be identified in the

invariant mass of p’[*[~
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CLAS12 performance — tagged photoproduction

» About x10 lower photon flux, but ... 20000}
« Multiple final states to measure J/i

photoproduction

« Excellent mass resolutions:
- J/Y as sharp peak either in the invariant
mass of decay leptons or in the electron-
proton missing mass 980

50001

e: f1 iss

113548
3.102
0.011

_mm

17615.540
3.101
0.007

|
I

)
=t

- Pentaquarks will be reconstructed in the

missing mass analysis of the scattered
electron (W-distribution)

ep » e'p' TNl =e,u

Detection efficiency ~28% 000

ep el (p');l=e,u

Detection efficiency ~18% 810

“ A\ "CG7.SCIENCE

2;)0 3.00 3.10 3AI20 3.330
Mx(ep— e'p'X) (GeV)

90001
80001
70001
60001
50001

Counts

30001
20001

113548
0.004
0.008

f1
8298213
0.002
0.005
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26
Muon final state

|O T T T T T T
- K. Abe et al., Phys. Rev. Lett. 53, 751 (1984)

« The main background to muon § h
final state is from yp — p'n'n X or I

* In our energy rage a/;7~=15 pub P

[ 2| i

« The fraction of pion pairs with 2 O
M_>3GeVis<2-107* &

o ' -

* The effective cross section for z 0r e I
pion pair photoproduction in = e
the region of J/y is expected to A
be < 5 nb 0] 1O 2.0 3.0

. . m— _ (Gev/c®)

° Charged plon deteCtlon o Pion Efficiency in Calorimeter (ECOUTER<100 MeV && ETOTAL<200 MeV)
efflc;len.cy Wlth MIP signature is " EC-total energy < 200 MeV
<0.4, pion pair suppression - EC-outer energy < 100 MeV
factor ~6

» The rate of pion pairs with the L . —
invariant mass > 3 GeV is the '
same order as J/y production

00?5 2.0 25 Momenz;om 6o 35 4.0 4
. 76 QA S. Stepanyan, Seminar INFN Genoa, .
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J/y Triggers

» The final states that will have an electron or a positron in CLAS12 FD will be
a subset of events recorded using the CLAS12 standard electron trigger

* For final states with muons

- two charged particles detected in CLAS12 FD with 0.3 — 3 GeV electron
clusterinthe FT

- three charged particles in CLAS12 FD

Trigger #|Final state Trigger setting Expected trigger rate

1 e'p'pt  |Cluster in FT ® 2-charged tracks in CLAS12 FD 4 kHz

2 Pt 3-charged tracks in CLAS12 FD 2.5 kHz
e'plet

3 (e')ete~ CLASI12 electron trigger 2 kHz
pete”

4 eplti MesonX trigger?® 2.8 kHz

@ subset of trigger #1
A "C62.SCIENCE . Stepany?\;éf Y 223? I7[\)IFN wenon Jefferdon Lab
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Cross section estimate

o Wgr—T 7 T T T 7 | R — — N\ 2
c = : . do (1—2x)
— = J/ WV elastic . — = N F2 (t)(s — m?2)?
= ~ * Cornell 75 7 dt g R2M2 29( )( p)
@ - @ SLAC 75 T
R 10 — 4 [ °rrr T T
> - 3 i
> - : * 4 o % %
C o _ ' £
) - ¢ . > L
= 1 = * = (‘2' H %
G — : 2F -
o) C - ] an}
- 5 q.) i
o : g 1
0 F E Z |
B . 0 5 10 15 20
10k - W (GeV)
C - dO Bt -2
: el B=12GeV
10 E E dt
- w a) (1=x)°, 3—g| hangdl
R 2 {17k §mgiuon exchaneg and
_4 1 1 I 1 1 1 1 | 1 1 1 1 I 1
1
0 10 15 20 dO oc ]
S.J. Brodsky, E. Chudakov, P. Hoyer, and J-M. Laget,
Phys.Lett. B498, 23-28 (2001)
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Pentaquark photo-production

Br(P.(4450) — pJ/1p) = 0.01 V. Kubarovsky

» The production of pentaquarks proceedsg“ 14 - [
as an s-channel resonance s - >

« VDM can be used to relate initial and [ 30 b
final states 1| :
25 |

y ol
I I 0o ’

P, < " g

P P s

(A

2J+14 I?/4 i w1 R Lo
o(W)|= =73 = MC)/2 ey Brlbe =+ p) Brife = J/u+p) 9 95 10 105 10.5
E,GeV E,GeV
T(Py =+ +p) = 3fw(j/b> S (ﬁ)gm PL(Ps =5 T+ ) Prediction of 2-gluon exchange model
aM{J/0) P for Jhy elastic photoproduction
15 % 10-9 o2 < Tmaely +P = Pe(4380) = J/b+p] _ o 0w o
Br?[Px(4380) — J/¢ + p] Q. Wang, X. H. Liu and Q. Zhao, arXiv:1508:00339.
12 5 10-2 em? < Tmazly +0 = Pe(4450) = J/¥+p] _ o0 o0 o V. Kubarovsky and M.B. Voloshin, arXiv:1508.00888.
Br?[P.(4450) — J/v + p| M. Karliner and J.L. Rosner, arXiv:1508.01496.
s = S. Stepanyan, Seminar INFN Genoa, —
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CLAS12 expected results

From the two gluon exchange

prediction for cross section, we 10 =

expect total of 45 J/y detected I T S

per day in the whole energy rage ; i* """

LE]

« Expected total number of 1 f

charmed pentaquarks 98 per day .f,,,i‘f"‘ﬁ

g
Compared to - _ J
= -1 |
« The Hall-C E12-16-007 with the %10 = -
. . . K A Corne
same cross section formalism will a SLAC published
detect 70 pentaquarks per day | 0 SLAC unpublished
. 2 ,: & CLAS12 projectiogs for_230 (Elys of running
« The Hall-A experiment E12-12- 10 & | at luminosity of 10 emsec
: = '.' P (4450) cross section from Phys.Rev. D92, 031502 (2015)

006 W|th futu re SOLID deteCtOF ® CLASI2 projections without P (4450)

eXpeCtS ~42 J/ lp per day s 2-gluon exchange model fit to published data
« With current luminosity Hall-D 10 L. S R S

- 10 12 14 16 18 20 22
Gluex experiments expects 5-10 E, (GeV)

JY per day
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Summary

The energy reach of upgraded JLAB machine crosses the threshold of
charmonioum production on the nucleon

Together with new experimental facilities this provides an opportunity for
detailed study of production of ground state charmoniom, J/y

Particular interest is the uncharted near threshold region, where different
mechanisms for the production have been proposed. In this region, Jhy
production probes gluonic form-factors of the nucleon

These data sets can be used to search and study LHCb hidden charm
pentaquark states in the pJ/y decay mode, P (4380) and P, (4450)

Three experiments (in Halls A, B and C) for J/y photoproduction have
already been approved

First data from the Hall-D Gluex experiment has been already presented

A new proposal for CLAS12 has been submitted to PAC45 that will extend
previous measurement to multiple final states and will study chartmed
pentaquarks

Future plans include J/y production on deuterium and heavier nuclear targets
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CLAS12 in Hall B

High Threshold . Low Threshold
Cerenkov Counter SC Torus Magnet Cerenkov
(HTCC) « Drift Chambers » Forward TOF
* Moeller Shield » Pre-Shower
- Forward tagger Calorimeter
- » Electromagnetic
« 5T SC Solenoid Calorimeter

« Central TOF

§ - Silicon Vertex
Tracker (SVT)

« Micromegas (MM)

« Neutron Detector

Polarized Target
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e*e” with CLAS12 — E12-12-001

Vector Meson Production Time-like Compton Scattering
VM
q* e
p t p

VM =p°; w,; ¢, J /¢

Bethe-Heitler Process

Y a
ﬁ l+ ﬁ
p 14
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