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The LHCb charmed "pentaquark” P is a hot topic

Since the CERN press release from July 14, 2015...
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Discovery inspired large number of theoretical

work, touching our community and beyond
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Discovery of the LHCb charmed “"pentaquark” P

Ab — K_pJ/\I] . b%g} Jhp (b) W (E}K
| — — \b{ u—\s - A‘,', {b c} R

Aaij, R, et. al (LHCb) PRL 115-7 (2015) 3 ——
e — d

Ay — A*J/U — (K~ p)J/T

¢ 2 P. states needed to Ay — K~ P, — K~ (pJ/)
describe results
« narrow: Pc(4450) narrow: P:(4450) (12 o)
« wide: Pc(4380) o -
¢ spin/parity either: N\ Wide: P<(4390) (90)
* /2%, 3/2- ok ! e,
(most likely!) w § (L o
« 5/2-,3/2+
« 3/2:5/2+ i
e ——
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charmed “pentaquark” in photo-production

¢ Common explanations:
%« LHCb: 2 new charmed “pentaquark” (P;) states
« alternative: kinematic enhancements through
Lui X-H, et al., PLB 757 (2016), p231

anomalous triangle singularity (ATS) (and references thereln
Photo-production ideal tool to distinguish between

both explanations
% if Pc real states, also created in photo-production
« kinematic enhancement through ATS not possible in

o W Q., et al., PRD 92-3 (2015) 034022-7
photo-production R orecos thein

P.(4450) translates to narrow peak around E; = 10 GeV

JLab is the ideal laboratory for the measurement, due to
luminosity, resolution and energy reach at threshold!
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J/p photo-production: what do we know?

Brodsky S J, et al., PLB 498-1 (2001), p23
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Almost no data near-threshold
Resolution of the existing

measurements too low
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Cross section well constrained above

2 of the 3 lowest points unpublished!
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Resonant J/y production through P. decay

¢ Cross section depends on
coupling to (J/y, p) channel

¢ J/w angular distribution
depends on P. spin/parity

o _.(L) LU L B R N O L L — | — — — —
B‘ _I LI B L L B L L B LB N 3/0 coupllng i 4_ . h |J/lp
% | ® Comell 75 I e Z; i PC ;/‘;ne
W [ +
B B SLAC 76 (Unpublished) ] B 7]
0.8 t-channel (2-g| I) H £ . P 3/2 H
— -channe -gluon | — -
- P, 5/2 3°/g i T g L |- P52 '3
i ¢ 5/2+ (3% coupling) | | o Pc 3/94 D :._
0.61— | e P, 3/2- (3% coupling) : ] B :]
- | 21— =
0.4+ — - -
i i S| MR '_";'_':-....',,: """""""" ]
0.2 — 8 T g ]
- | :. S ' """‘7"'.'.,'.,-,,7:'--".:"'4‘,.,‘,:,",::',,',',',:,"T--. ___________ _:
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cos(0)

do E, [GeV]
(yp — P. — J/4¢p) Leverage cos(0) dependence to

maximize S/B at low coupling!
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Experiment £E12-16-007 in Hall C at JLab

Newly approved by PAC44
Rated A/“high impact”
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Experiment £E12-16-007 in Hall C at JLab

- 50uA electron beam at 11 GeV positron in SHMS
< 9% copper radiator
< 15cm liquid hydrogen target
< total 10% RL

< Detect J/p decay leptons in

coincidence |
9% Cu Radiator
= Bremsstrahlung photon . \  To beamdump
energy fully constrained 7 _ > o | ! ,
beam
Hydrogen ) Detector Stacks:
target Q%4 . .
Q"4 Tracking/ Timing:
£ .
LK PRt
/ Particle ID:
%> 3.Gas Cerenkov
Standard Hall C Detector Package, S @ 4. Lead Glass Calorimeter
Radiator Well Understood " /I :
e ———— e — electron in HMS
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Maximizing the sensitivity

Use HMS and SHMS to maximize P.
signal over t-channel background

Run with 2 settings:

« "SIGNAL’ Setting (9 days):
minimizes accidentals and

maximizes signal/background:
» HMS: 34°, 3.25 GeV electrons
» SHMS: 13°, 4.5 GeV positrons

« "BACKGROUND" Setting:
(2 days): precise determination of

the t-channel background

> HMS: 20°, 4.75 GeV electrons
> SHMS: 20°, 4.25 GeV positrons

UNIVERSITY

— t-channel J/¥
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Counts

Projected results for “SIGNAL’ Setting

assuming 5% coupling (value favored by existing

photo-production data) wanga. etal, Pro 92-3 (2015) 0340227
9 days of beam time at S0uA
5/2+ peak dominates the spectrum

[t et | IIIIIIIIIIII | T T T T | IIIIIIII ]
- | t-channel J/W i
200 - T —— P, 3/2- (5.0% coupling) B
- —— P, 5/2+ (5.0% coupling) | -
B sum _
1501— —e— 9 day estimate ]
100\~ —
50— —
a . | Ll | ]

QG -1 0 1
t [GeV?]
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Counts

t-channel: 120 events
5/2+: 881 events

3/2-: 266 events
T | T T T T T T T T | T T T T
- ¥ t-channel J/¥ i
- —— P¢ 3/2- (5.0% coupling) |
] + i — P, 5/2+ (5.0% coupling) | _
2001 — L Sum 7
o —e— 0 day estimate -
100— | ]
0 R P L |
9 9.5 10 10.5 11 11.5 12

Only 9 days!

Significance > 200!



Projected results for “BACKGROUND" Setting

¢ 2 days of beam time at S0uA

able to separate 5/2+ from t-channel at low E,

will provide first-hand information about t-channel
production near threshold

©

©

t-channel: 682 events

¢ assuming 5% coupling (value favored by existing 5/2+: 204 events
photo-production data) ~ 3/2-:26 events

UNIVERSITY

*(L) T 171 | T 171 | T T 1 | IIIIIIII | IIIIIIIIIIII -9 1 50 — T | T T T T T T T T | T T T T —]
% 300__ t-channel J/W N % - t-channel J/W -
O | —— P; 3/2- (5.0% coupling) 4 ) O B — P, 3/2- (5.0% coupling) 7
| —— P, 5/2+ (5.0% coupling) - : —— P, 5/2+ (5.0% coupling) :
- sum J - 100l sum _
200 | —e— 2 day estimate ] B —e— 2 day estimate |
100— B — S0— -
O i o e ﬁ N B B R | O ) L —'—"l_'-'_.l_.__ll_l-l—l— 14 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
-6 -5 -4 -3 -2 -1 0 1 2 9 9.5 10.5 11 11.5 12
t [GeV?] E, [GeV]
Only 2 days!
TEMPLE » ALY 5 BEL S



Sensitivity for Discovery

< sensitivity calculated using a A-log-likelihood formalism
¢ 5 standard deviation level of sensitivity starting from 1.3%

coupling!

'6‘ [
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i Projected Sensitivity
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Projection for
~ 1.3% coupling

(72]
§ B t-channel J/W ]
8 u 1 —— P, 3/2- (1.3% coupling) h
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= -+ T | —e— 9 day estimate |
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Impact on the world data for J/p production

E‘ L | L | L | L | L | L | L L
= - o "SIGNAL" Setting (9 days) ~
@ - o "BACKGROUND" Setting (2 days) ~
3 O Cornell 75 o
i O SLAC 76 (Unpublished) ]
I BEEEEEEEEEE J/p with PC (5% coupling) 1
o +* —~
1= P 1 ”
i _‘P_ : T 1
i B2 TN— = _
O_I ] .|-_L-L.ﬁ.h-# hi 1 ] ] ] ] ] | ] ] | | ] ] ? ] ] ] |_
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Approved J/@ experiments at JLab

< GlueX (Hall D, yp)
< Luminosity: low
< <100 MHz photon rate
< Acceptance: very high
< Firstaccess to 2D J/y cross section

- Harder to separate P. from t-channel
background

< Timeline: ongoing!

< E12-12-001 (CLAS12, HallB, ep)

¢ Luminosity: medium
¢ luminosity: 103 s cm™?
¢ Acceptance: high
< Access 2D J/yp cross section
< Harder to separate P. from t-channel
background

¢ Timeline: ~few years

—

- E12-16-007 (Hall C, yp)
< luminosity: very high
< 8000 GHz photon rate
< equiv. ep-luminosity: >10%° s cm™?
< Acceptance: limited
- Optimized for maximal P. sensitivity
- cannot do 2D J/p cross section
< Timeline: soon (high-impact!)

14

< E12-12-006 (SoLID, Hall A, ep)

< Luminosity: high
¢ luminosity: 1038 s cm™
< Acceptance: high
< Precision 2D J/yp cross section
< Good sensitivity for Pc resonance
due to very high statistics

< Timeline: ~5-10 years

—




High impact result will
either confirm P. resonance, or strongly
exclude its existence
Strong sensitivity to the coupling down to 1.3%
Will provide knowledge about J/@ production
(absolute cross section!) near threshold
Helps future experimental endeavors at
CLAS12 and SoLID
Only need 11 days
Straightforward experiment, able to run early with
a standard Hall C package

f» TEMITJYLE 15 This work is supported by DOE grant DE-FG02-94ER4084
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Maximizing the sensitivity

Use HMS and SHMS to maximize P.
signal over t-channel background “SIGNAL" Setting

g T T T T T

- ! - accepted positrons (SHMS) _
: : - acospled elctrons (HMS)

II|III|III|III|III L T 1T T LI L LI
— t-channel J/¥

4 T

Arbitrary Units

positron in
SHMS
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LN be
uuuuuuuuuuuuuuuuuuuuuuuuuuuu

So0i 56 08
cos(0)
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P [GeV]

- accepted positrons (SHMS)
- acoepted elcirons (HMS)

t [GeV?]

10°

e electron in
| ’ """""""""""""" - 102 H M S ‘ o 1 ' """"""""""""""""" "" """""" _—

B t-channel setting #1 s e R
B Pc (5/2+) setting #1 R,
Bl t-channel setting #2 '

0o S R O
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"SIGNAL" Setting: acceptance edges far removed from P peak position
¢ "BACKGROUND” Setting: acceptance centered to the left of the P. peak

©

position
“SIGNAL” Setting “BACKGROUND” Setting
x107° x107°
8 _""I""I""I""r""""_ 80_6_""|""|""" LI L L
& - | — t-channel J/¥ ] & | | — t-channel J/¥ '
5 0.03 5
3 - |— P, 5/2+ 3 - | — P, 5/2+
O O
< < B
i 0.4 _
0.02 !
0.01 021~ -
Y- 105 11 %85 5 95 10 105 11
E, [GeV] E, [GeV]

Good Acceptance over the

full width of the resonance
TEMPLE - . e
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¢ SHMS upstream acceptance to

Radiator (Answer to TAC)

almost 100 cm at 13°

-

©

©

radiator needs to be upstream by

>1m (outside of the target

chamber), no additional shielding

needed

ensure we don't hit flow diverters
of the target and entrance cylinder

to the target (0.5 in opening)
Assuming a raster of + T mm,

multiple scattering of £2.35 mm
(within current target parameters)

TEMPLE

UNIVERSITY
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Alternate P. Assumption (Setting “SIGNAL)

¢ Alternate (5/2-, 3/2+) P. assumption

¢ assuming 5% coupling for the (5/2-, 3/2+) P
assumption

¢ 9 days of beam time at 50pA

¢ 5/2- peak dominates the spectrum (even larger than

the 5/2+ peak!)
Q (rrrr|prrr T T T | T T T T | T T T T | IIIIIIII ] ﬂ B T T T T T T T T | T T T T T T T T | T T T T T T T T ]
§ - t-channel J/¥ - % | t-channel J/W¥
O 300__ — P¢ 3/2+ (5.0% coupling) | | O i —— P, 3/2+ (5.0% coupling) | |
N — P, 5/2- (5.0% coupling) | B — P, 5/2- (5.0% coupling) ‘
L sum — 400— sum ]
i —e— 9 day estimate i = —e— 9 day estimate .
200— — _ _
i : i 4 |
B ] 200— — —
100— — - .
i : ] + ]
O _ L L ! - ; co e b by l O%— r— I R R S N R R R
-6 -5 -4 -3 -2 -1 0 1 2 9 9.5 10 10.5 11 11.5 12
t [GeV?] E, [GeV]
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Alternate P. Assumption ('BACKGROUND" Setting)

Alternate (5/2-, 3/2+) P. assumption

2 days of beam time at 50pA

able to separate 5/2- from t-channel at low E,

will provide first-hand information about t-channel
production near threshold

assuming 5% coupling for the (5/2-, 3/2+) P

©

©

©

©

©

assumption
-'(L) ||||| | T 1T T 1 | T T 1 T | |||||||| | ||||||||||||| -.(2 T | T T T T T T T T | T T T T ]
%1 500— t-channel J/W — §2000 — t-channel J/W o
O | | —— P¢3/2+ (5.0% coupling) | O = —— P, 3/2+ (5.0% coupling)
| | —— P, 5/2- (5.0% coupling) i B —— P, 5/2- (5.0% coupling)
sum B i 1500~ < sum ]
1000} | —e— 2 day estimate M — = + —e— 2 day estimate
1000{— —
500 ] B _
i . 500 = —
;I_l_r. AAKF‘:EI_'—H——LQ
O AR B N R | | j | | O B L | L 1 1 L I | L L | L | L L
-6 -5 -4 -3 -2 -1 0 1 2 9 9.5 10 10.5 11 11.5 12
t [GeV?] E, [GeV]
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Energy Resolution

@ F S 3 @ I
c - | _ cC — — -
3 B - t-channel J/W | 3 B | t-channel J/& |
© 300__ — P, 3/2- (6.0% coupling) | | © - B — P, 3/2- (5.0% coupling) .
i — P 5/2+ (5.0% coupling) | 7 200__ | | [ | — Pc5/2+(5.0% coupling) | |
i 1 sum . B B sum i
200~ | ]
! Generated e I i Reconstructed §
B ] 100 —
100_— - B 7
9 9.5 10 10.5 11 11.5 12 9 9.5 10 10.5 11 11.5 12
E, [GeV] E, [GeV]
_|(LJ _ _]
5 8¢ N
>
S B i
= B i
z o —_
reconstructed J/p mass: B
G = 5 MeV (FWHM: 12MeV) j :
O"""""""'"""\""""""""'_
3 3.02 3.04 3.06 3.08 3.1 3.12 3.14 3.16 3.18 3.2
TEMPLE .

M., [GeV]
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Background: lepto-production

©

©

problem: 50pA electron beam travels through target!

solution: only quasi-real photons (Q? ~ 0.01 GeV?) play a role!
« virtual photon flux drops with Q?

« higher Q2 means lower W= for fixed v and
» t-channel cross section drops for lower W2
» phase space drops rapidly for lower W2

« acceptance drops with Q%

N% 2 ]
O] —ep(Q > 0.01)| -
£0.001 _
O
()
n
X
0.0005H —
0 —I—LL‘\ .........................
O 05 1 15 2 25 3 35 4
Q? [GeV?

TEMPLE
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Acceptance

—— Setting "SIGNAL"

24

Quasi-real photons
ENHANCE the count rate

SeewstammestRT




Background: single e* and mt* tracks

electron rate estimated using CTEQS5, cross checked with F1F209
positron rate estimated using EPC combined with a background
program from E94-010

¢ coincidence rate < 10 Hz (50ns trigger window)

pion rates estimated using Wiser

Assuming a pion rejection > 103 from the Cherenkov +
Calorimeter, coincidence rate ~ 10 Hz

© ©

HMS SHMS

Setting | e~ (kHz) =« (kHz) | e* (kHz) =" (kHz)
#1 [69x103 7.5%x107% | 6.5x107* 1.95 x 107
#2 1 9.7x107t 22x10° | 7.5x107* 10.5 x 10°

T TEMPLE .
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Background: Bethe-Heitler pair production
_|_

VP —etep ﬁ L
Not an issue! ! S

Estimated using P p P P’
calculations from Pauk and

Vanderhaeghen
Constant background
< 10% of the t-channel J/y
Can be exactly calculated
and controlled for
Interference negligible at
the P.(4450) peak N  — :

©

©

©

e Cornell 75
SLAC 76 (Unpublished)
t-channel (2-gluon)

©

Pauk V and Vanderhaeghen M, PRL 115(22) (2015) 221804 8 8.5 9 95 10 10.5 11 115 12
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lepto-production vs photo-production

only quasi-real photons (Q? ~ 0.01 GeV) play a role!

©

t-channel projected counts

105—

Counts
Counts

— P =
—— e p (Q°>0.01 GeV?)

10_2illIII|IIII|IIII|IIII|II I|IIII|IIII|IIII|IIII|I_'|_

Quasi-real photons
ENHANCE the count rate

—w
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Invariant Mass Acceptance for Accidentals

¢ Reconstructed invariant mass range for accidentals much
wider than J/p mass resolution

2 10%L '—_
5 = | —— "SIGNAL" Setting ﬁ =
> 103 L-| —— "BACKGROUND" Setting _
g = Reconstructed J/y =
0 2 __ _—
< 10°¢
10 to scale! -
1E =
107 & =
10_2 é_ EI:I:I:I'I-H/ \_I-"I.LLH:L _;
10_3 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :

2 22 24 26 2.8 3 32 34 36 3.8
Me*e'

TEMPLE o8
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Background: inelastic t-channel (yp -> J/ppm)

¢ Threshold at 9 GeV

Q

Q

Q

Reconstructed photon energy Er: is ~1 GeV too low
less than 30% of the elastic t-channel background
Contaminates the 8 GeV < E,c < 9.7 GeV range for a
photon end-point energy of 10.7 GeV

¢ not an issue for the P.(4450) (Eic > 9.7GeV)!

or the P.!

—twctmmmstERTT

nptanissuef

e r—




Photon Energy Reconstruction

©

Can unambiguously reconstruct the initial photon energy
from the reconstructed J/p momentum and energy

¢ Assumptions:

¢ photon beam along the z-axis

¢ proton target at rest

¢ 2 final state particles: a proton and a J/y

M2 — 2E;Mp
2(Ey — M, — Pjcosf)

b, =

TEMPLE 30
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Properties of the Hall C Spectrometers

P AP/P oP/P o™ AO™ A AQ o™ oo
GeV/c Vi Yo mrad mrad msr mrad mrad

HMS 0.4-74 -10+10 0.1 10.5°-90° £24  £70 8 0.8 1.0
SHMS 2.5-11. -15+25 0.1 5.5°-25°  £20  £50 4 1.0 1.0

TEMPLE .
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¢ Total Beam Time Request:
¢ 11 days (264h), 10.7 GeV (or 11 GeV), 50uA, Hall C
Run Plan:

1. t-channel “BACKGROUND": 40 hours

2. radiator out: 8 hours (longer if needed)

3. main “SIGNAL’" measurement: 216 hours

(

©

11 days,
standard equipment!

W w
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