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LHCB CHARMED (CHARMING!) "PENTAQUARK" P.

Ay — K pJ/V

Aaij, R, et. al (LHCb) PRL 115-7 (2015)

e 2 P. states needed to
describe the results

> narrow: P.(4450), P(4380) P(4450)
width: ~ 39 MeV

» broad: P.(4380),
width: ~ 205 MeV i ' e

e Spin/parity either:
> (most likely
> 5/2-, 3/2+

> 3/2-, 5/2+

Events/(15 MeV)
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CHARMED "PENTAQUARK'" IN PHOTO-PRODUCTION

® Common Interpretati
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CHARMED "PENTAQUARK'" IN PHOTO-PRODUCTION

ark" P_ states

Burcu DuraN HarLL C WINTER COLLABORATION MEETING JaNuARY 29, 2019



IN PHOTO-PRODUCTION

CHARMED "PENTAQUARK"

® Common Interpretation
it

» LHCb: True resc
ncements through Anomolous

» Alternative: Kine
(Lui X-H, et al., PLB 757 (2016), p231)
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CHARMED "PENTAQUARK'" IN PHOTO-PRODUCTION

® Common Interpretations 1‘
» LHCb: True reso quark" P. states

» Alternative: Kme
Triangle Singularity (A
® The photo-production is an ideal tool to distinguish between the explanations
» if P. states are real states, should also be created in
photo-production
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CHARMED "PENTAQUARK'" IN PHOTO-PRODUCTION

® Common Interpretations 1‘
» LHCb: True reso quark" P. states

ancements through Anomolous

» Alternative: Kme }
(Lui X-H, et al., PLB 757 (2016), p231)

Triangle Singularity (A
® The photo-production is an ideal tool to distinguish between the explanations

» if P. states are real states, should also be created in
photo-production

» kinematic enhancement through ATS not possible (wang Q. et al., PRD
923 (2015) 034022)
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CHARMED "PENTAQUARK'" IN PHOTO-PRODUCTION

® Common Interpretations fi servations
» LHCb: True reso aquark" P. states

» Alternative: Kinem
Triangle Singularity
® The photo-production is an ideal tool to distinguish between the explanations
» if P. states are real states, should also be created in
photo-production

hancements through Anomolous
(Lui X-H, et al., PLB 757 (2016), p231)

» kinematic enhancement through ATS not possible (wang Q. et al., PRD
92-3 (2015) 034022)
® P(4450) creates narrow peak around E, = 10.1 GeV
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J/7» PHOTO-PRODUCTION: CURRENT

®

measured in many experiments at high W, p
» dominated by ¢ channel 2-gluon exchange
almost no data in threshold region

Burcu DURAN

J/v World Data

Comell 75

SLACT75

SLAC 76 (Unpublished
CERN NA14

FNAL E401

> FNAL E687

H1 Combined (y)
ZEUS Combined (y)
LHCb 2014 ()

HaLL C WINTER COLLABORATION MEETING

DATA STATUS

t channel

I ——

® Cornell 75

4 SLACT5

= SLAC 76 (Unpub.)
2-gluon fit
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UNPUBLISHED GLUEX DATA

a
C_1O GlueX data (SLUE
25% syst. Preliminary-:
uncertainty +

a
>
2
g
T
a
&
o]

Brodsky et.al fit to GlueX data
2g exchange

3g exchange

GlueX

SLAC

Cornell

Kharzeev et.al x 1.9

from Lubomir Pentchev's slide

Burcu DURAN HaLL C WINTER COLLABORATION MEETING JANUARY 29, 2019



RESONANT J/¢) PRODUCTION THROUGH P. DECAY

3% coupling

1 — channel
115 12
E, [GeV]

u channel (yp — P. — J/¢p)

s channel

cross section depends on coupling — R T
to (J/v¥p) channel e

» J/1 angular distribution depends
on P, spin/parity

®

r

(Wang Q., et al., PRD 92-3 (2015)) 034022-7)
5 08
cos(8)
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PENTAQUARK SEARCH WITH E12-16-007 EXPERIMENT IN
HaALL C

® Experimental Setup (PAC)
» 11 GeV beam energy

» 50 A

positron in SHMS

» 9% copper radiator

» LH2 15 cm target

To beamdump

> » total 10% RL
Hydrogen Detector Stacks: ]
e eeeEn Sl © Experimental Setup (NEW)
1. Drift Chambers
2. Hodoscopes
o Hodoseop » 10.6 GeV beam energy
3.Gas Cerenkov
4. Lead Glass Calorimeter] » 70 ,U/A
electron in HMS » 9% copper radiator
» LH2 10 cm target
» total 10% RL
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E12-16-007 SETTINGS

® precise determination of
the t channel background

® precise determination of
the t channel background

® 4.95 GeV, 19.1° ® 4.08 GeV, 19.9°
® 4.835 GeV, 17° ® 3.5 GeV, 20.1°

Burcu DURAN

e Signal (P.) Setting:
® minimizes accidentals and
maximizes S/B

¢ HMS: 4.6 GeV, 16.4°
e SHMS: 4.3 GeV, 30°

HarLL C WINTER COLLABORATION MEETING
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PHOTON ENERGY RECONSTRUCTION

e Initial photon energy can be unambigously reconstructed from the
reconstructed J/v) momentum and energy

» Assumptions

* proton target at rest
* photon beam along the z axis

* proton and J/4) are the two final state particles

MED —2E;Mp
2(Ey — M, — Py costy)

Ey=
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PROJECTED RESULTS FOR "BACKGROUND'" SETTING 1
LOW E~, LOW t

— tchannel J/¥ t-channel J/¥

— P, 3/2- (5.0% coupling) — P, 312- (5.0% coupling)

——— P, 5/2+ (5.0% coupling) — P, 5/2+ (5.0% coupling)
sum sum

—e— 2,0 day estimate (763 counts) —e— 2.0 day estimate (786 counts)

@ 7]
2 2
c c
3 3
Q Q
O o

BT
E, (Gev)
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PROJECTED RESULTS FOR "BACKGROUND'" SETTING 2
HIGH Ev, LOW t

= tchannel J/¥ t-channel J/'¥
—— P, 3/2- (5.0% coupling) P, 3/2- (5.0% coupling)
—— P, 5/2+ (5.0% coupling) P, 5/2+ (5.0% coupling)

s
S
S

sum sum

(L] —e— 1.0 day estimate (1129 counts) 1.0 day estimate (1103 counts)

Counts
Counts

n
o
t=1

105 11
E, (GeV)
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PROJECTED RESULTS FOR "SIGNAL" SETTING

t-channel J/¥ t-channel J/¥'
— P, 3/2- (5.0% coupling) —— P, 3/2- (5.0% coupling)
——— P, 5/2+ (5.0% coupling) — P, 52+ (5.0% coupling)
sum sum

—e— 8.0 day estimate (866 counts) —— 8.0 day estimate (865 counts)

2 2
§ 100 §
[¢] (6]

E, (GeV)
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IMPACT ON J/¢) WORLD DATA

Burcu DURAN

"SIGNAL" Setting (8 days)
"BACKGROUND" Setting 1 (1 days)
"BACKGROUND" Setting 2 (2 days)
Cornell 75

SLAC 76 (Unpublished)

J/y with Pc (5% coupling)

11 115 12
E, [GeV]
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SENSITIVITY FOR DISCOVERY

o

©
£
>
2
2
=1
@
c
0]
0]

® A-log-likelihood formalism

25 3

coupling [%]

® 50 discovery sensitivity can be reached starting from 1.3%
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E12-16-007 EXPERIMENT: RADIATOR FOR PHOTON BEAM

Hall C Bremsstrahlung Radiator (Jan. 2019)

e Link to water-cooled radiator operating procedure TGT-PROC-19-001:
— https://misportal.jlab.org/jlabDocs/version.seam?docVersionld=121970
— Copy of

e Just upstream of target

scattering chamber
STEPPER

MOTOR ¢ Water-cooled

* Upper (=home) & Lower

BELLOWS limit switches
CARRIAGE
* Stepper motor controlled

water LINEs| ©  No motion FSD for radiator

SCATTERING
CHAMBER — Can move in/out of beam
while beam is on after calling
BEAM LINE mcc
e Butthereisan FSD on
water flow
Jan 18, 2019 Bremsstrahlung Radiator
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E12-16-007 EXPERIMENT: RADIATOR FOR PHOTON BEAM

P[F?}}-\
REF26) \

T

Bremsstrahlung Radiator
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PARTICLE IDENTIFICATION

®
» 4.6 GeV, 4.95 GeV, 4.08 GeV
®
» 4.835 GeV, 4.3 GeV, 3.5 GeV
e PID for HMS:

HMS Cherenkov + Calorimeter

e PID for SHMS

SHMS Noble Gas Cherenkov + Calorimeter
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SUMMARY

High impact experiment
® of the LHCb "pentaquark" P,
® to the coupling 1.3%

® Contribution to the
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EXPERIMENT WEBSITE: HTTPS:/ /JPSI-007.SLY2J.COM

—
[ ot
s TN

The /007 v
Speinent A Search for th -.LHCb Charmed

Pentaquark in Photo Production

i

Home

About

Meetings +
Collaboration

Rmme Meetings Collaboration

Internal

»p W o »

v

Shift Schedule and Sign-up

The LHCb experiment found very The first collaboration meeting for the Interested to know more about the
strong evidence for a charmed J/y-007 experiment took place on collaboration? Want to contact the
e October 26,2018 at Jeffe espegple? ntereste e
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EXPERIMENT WEBSITE: HTTPS:/ /JPSI-007.SLY2J.COM

~

3
3 L

The J/$-007 -’
Sl A Search for the.LHCb Charmed
Pentaguarkin Photo-Production

PLEASE SIGN UP FOR SHIFTS!

Meetings +

Collaboration

Rmme Meetings Collaboration

»p W o »

Internal

Shift Schedule and Sign-up 0

The LHCb experiment found very The first collaboration meeting for the Interested to know more about the
strong evidence for a charmed J/y-007 experiment took place on collaboration? Want to contact the
e QOctober 26 2018 at Jefferson Lab pokespeople? |nterested tojoin the

v
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BACKUP SLIDES
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BACKGROUND: INELASTIC t CHANNEL P -> J/¢Pm

® Threshold at 9 GeV
¢ Reconstructed photon energy Erc is 1 GeV too low

#» Contribution to the Contaminates the 8 GeV < Erc < 9.7 GeV
range for a photon end-point energy of 10.7 GeV

» not an issue for the Pc(4450) (Erc > 9.7GeV)!
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BACKGROUND: SINGLE ELECTRON/PION TRACKS

® electron rate estimated using CTEQ5,
cross checked with F1F209

® positron rate estimated using EPC combined
with a background program from E94-010

® Contribution to the coincidence rate < 10-5 Hz

e pion rates estimated using Wiser

» Assuming a pion rejection > 103 from the Cherenkov +
Calorimeter coincidence rate ~ 10-5 Hz
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RESOLUTION
Resolution

t-channel J/¥
P, 3/2- (5.0% coupling)
——— P 5/2+ (5.0% coupling)

sum

t-channel J/¥
P, 3/2- (5.0% coupling)
P. 5/2+ (5.0% coupling)

sum

] Reconstructed

|
115 12
E, [GeV]

Arbitrary Units

reconstructed J/p mas
o =5 MeV

L Il L L L L L
NPT B 3.02 3.04 3.06 3.08 3.1 3.12 3.14 3.16 3.18 3.2
LMD M. (Gov]
from Sylvester Joosten’s slide
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