Photoproduction of Hidden-Charm Pentaquark in
CLAS12 - MesonEx

Andrea Celentano

INFN-Genova

INQ ‘O‘ CLAS HSWG Meeting



Introduction

@ Hidden-charm pentaquark search
© CLAS12-MesonEx
© Tagged J/4 photo-production

@ Conclusions

2/16



Hidden-charm pentaquark search
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LHCB hidden-charm pentaquark

3 2200 —=— data
—s— totalfit
—— background

LHCb recently announced’the discovery of two 27F

= 1800F= == P(4450)

exotic structures in the J/1 - p channel: %mm
P.(4380) and P.(4450), by measuring the @'
decay Ag - pJ//l/JK7 1000)
They claimed that the minimum quark content ™
is ccuud. o
Widths:
ke 2.2 rrammays
® P.(4450): I = 39 MeV m,, [GeV]
° Pc(4380) I' = 205 MeV gaon— t

w 700f (b) * LHCb

Quantum numbers (PWA most probable solution)
® P.(4450): Jp =2~
+
® P.(4380): Jp, = 3
Altough: “Acceptable solutions are also found for
additional cases with opposite parity”

1Phys. Rev. Lett. 115, 072001 (2015)
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Hidden-charm pentaquark search
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Hidden-charm pentaquark photo-production

Any p-J/v resonance would apper as an s — channel
resonance in the direct photo-production reaction:

vp = pJ/p. Mg = /s =M? +2E,M

Mp ~ 4.4GeV — E, ~ 9.8GeV

“Naive” cross-section estimate ingredients?:

® Breit-Wigner elastic cross-section o 10— — T

® Vector Meson Dominance i E

_ 2J+1 4m BinBoutl'%/4 5 oL
o(W) = =3 ik (W—Mp)2+11/4 - M, = 4.4GeV

..

Vector Meson Dominance: ~ I .

Bin = (e/fV)2Bout — Bin - Bout - 7.37 - 104 t ! Fy
(from J/v — eTe™ decay) ©

L
+

Omaz = 2J4+1 Bgut - 2.26ubarn o
r e g} (1—x)Y, 3—gluan exchang
..... bj (1—x)7 2—gluan exchange|

2l\/I. Karlineray and J.L. Rosnerbz, arXiv:1508.01496
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Hidden-charm pentaquark tagged photo-production in CLAS12

Actually, J/1 tagged photo-production in CLAS12!

Strategy:

Forward

® 11 GeV e~ beam impinging on LHo target Tagoer S AS12
e

® Proton and / or J/1 decay products
measured in CLAS12 e

® |[ow-angle scattered e~ measured in the
Forward Tagger

Advantages-disadvantages compared to
untagged photo-production:

® Higher /s resolution

® |nitial state is known: measure p and/or J/v
decays only to tag the reaction

® [ower rate
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CLAS12-MesonEx
[ 1)

Low @Q? electron-scattering: kinematics

Kinematic variables:
ev=FE—-F
o Q® =4EFE'sin*(0./2)
o W2 =M?4+2Mv — Q?

»
X, P,

q“:\‘irrual photon

momentum

Virtual photon polarization: .
2 2
e ET — [1 + QQQJEU tan2(05/2)]_1 p'L
Q2

o €L = JTET

0.7} ET VSV
0.6
0.5

1 1 1
6 65 7 75 8 85 9 95 10 105 11
E(GeV)
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CLAS12-MesonEx
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The Forward Tagger Facility

3 components:

o Lead-tungstate calorimeter (FT-Cal):
measure the energy of scattered electrons
with few % resolution.

o Hodoscope (FT-Hodo): distinguish
photons from electrons.

o Tracker (FT-Trck): determine the
electron scattering plane.

Nominal design parameters:

l [ Range ]
B 0545 GeV
- 2Tt 754174
i 2'50 - 4'500 S L' resolution |P! 22982000
%/ 6 50 ioggoc y, EFas e
y 5-10.5 Ge £ .
P, 70 - 10 % ki
Q? | 0.01-0.3GeVZ (< Q%> 0.1 GeV?) .-
W 3.6 - 4.5 GeV R
e
1?000090000(,000(%0000%0000%3%5 aasaese

o



CLAS12-MesonEx
oce

The Forward Tagger Facility

3 components:

o Lead-tungstate calorimeter (FT-Cal):
measure the energy of scattered electrons
with few % resolution.

o Hodoscope (FT-Hodo): distinguish
photons from electrons.

o Tracker (FT-Trck): determine the
electron scattering plane.

Nominal design parameters:

[ [ Range ]
B 0.5- 4.5 GeV .
Ze/ 20'50 _326500 E\;Z':?"%. v resolution
e’ - ° ;g' ."m'

E, 6.5 - 10.5 GeV T, een,

P, 70-10 % N e,

Q2% 1 0.01-03GeV? (< Q%> 0.1 GeV?) T oo, tiline, oo,
0.4 Rahe4 08 o,

W 3.6 - 4.5 GeV E 00 TR "%es,
03 0000, T*tagtes.
0.1 Cog,
%E L 1 | Il | L |

7 75 8 85 9 9.5 10 10.5
p(GeV)



) photo-production

Detector acceptance evaluation: kinematics

1400

MC events generated trough an ad-hoc model, that s

includes: 300

250

@ Non-resonant the t—channel exchange of a 200

Pomeron trajectory.

® Parameters tuned to reproduce existing data at E~ > 13
GeV
® onR(Ey =10 GeV) = 0.2 nbar®

conbendendend v oo o
1 2 3 0

. o
@ Resonant s—channel production, 1(GeV?)

Vo= X = J/Yp g,
® Focus on the narrower P, state _g a0 K
® P = (3/2)7, altough this has limited impact on results r
® Single free parameter: o = (BR)? - 1.3 ubarn > 0.8
Events are generated with final state e~ within FT 25 o6
acceptance. 0
Only considering the decay J/¢ — eTe™ (BR~ 0.06): 15E- 04
CLAS12 not optimized for p identification 10 2
% 4 6 0

8 9 10
P (GeV)

3Compatible with the range predicted in arXiv:0010.343, where a QCD-inspired calculation was performed.
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Tagged J /1 photo-production
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Background model

e t—channel exchange of a Pomeron-like Regge

. : Pomeron traj r
Trajectory e ap: Pomeron trajectory
e [3: Regge coupling
ap(t RN
]V[)"G”Ap’ _ (5 Pl )ﬂ 8 —blt| o e PItl: “effective” form
Ay dp Ay Ay PAp X, €
v Ap S0 P factor
e Parity conservation:
?102
5
Bryng = Box,,—xy S
= ,
Bp. Bxp.—x, 1 e
L
e Assumptions: 1o
e s—channel helicity conservation 0t
o No spin-flip at proton vertex . do
10 R T
e Result: at
@ 107 e e T e s ZDE,(ZJ-‘:/-;
2ap (t e
do _ 1 1. (i) P 2
dt 64ms k? 0 S0

10/16



Tagged J /1 photo-production
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Signal model
e s — channel resonance JP duction: A Ap . nitial /fi
pro uction: 9/ initial /final
Aps At 1/, « .
M>\ )\P (s,t) = (2J+1)M, ( )D*w—/\pv\u Ay state coupling
psAp
e Breit-Wigner approximation for ]WA“ ' (s)
A A _ {1;"‘{'>‘p ;lP’A ’
Ay 8) = =S RaT
e Parity conservation:
g;\w’\p _ gI—’\vv—'\Ir
Ay A —Xg—A
9P P
e Assumptions:
o Vector-meson dominance: g/\‘“A” = (e/f)gp XasAb
(e/f =2.7-107%) ghT =gnt T = VEghT
e Minimal L—value for the X — Jv p decay g%+ = 9%7 = V2t
® Result:
8m I?BRZ,
o(s) = ) s
3 kik (s — M?2)2 +12s
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) photo-production

Detector acceptance evaluation: results

MC events projected on CLAS12 via FASTMC. MeV

Entries 241071

10t OM =2 15

Assumptions: F: h O
o CLAS12-CD acceptance for et /e™ is 0 F ‘ : ‘
o Only consider events with both et and e~ from T
J/4 in CLAS12-FD o
e No combinatorial background included yet 4?
Two reconstruction strategies: b
NE
o All final state particles measured
e Only e and e~ measured, p missing M, (Gev)
hMMeePeM_2
1 Entries 241071
g v Ei Mean  0.9376
C 18
é s ee p missing E s ‘f“’m‘
025 16
3 r all £
< r 18f=
0. F 12F
051 JR 10[
L e w« T of
o*%mﬂﬁ :ﬁ“ T F
Tl E
?” 4F i
0.05 E H
£ 2= :
I P T R E I N L B

W (GeV)
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Tagged J /1 photo-production
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Invariant mass resolution

p-J/ invariant mass measured only trough the low-angle e~ detected in FT.

10

3
o
i
M ST
2 __ 2 _ _ e E
W? = M?+2M(E~E') = ow = ops - 3 -ty ”#*’u’*“*‘.*...
6 S —_—
Close to the resonance region [ T
(W = 4.4 GeV): L Bt
o B/ ~1GeV, op ~ 25 MeV - !
e ow =~ 5 MeV — x3 untagged 7

3).1 5 4.2 4.25 4.3 4.35 44 4.45

Compared to the untagged measurement, the detection of the low-angle
electron in the Forward Tagger permits to map the p-J/4 line shape with a
higher resolution.

13 /16



) photo-production

Magnetic field effects

The effect of changing the intensity and polarity of the torus magnetic field was evaluated
via FASTMC.

G, (MeV)

Results:

o eTe™ invariant mass (i.e. J/v mass) L.
and missing mass (i.e. proton mass) Eootem
increase with decreasing the B field a0l

invariant mass

o No effect on these observables by
inverting the magnetic field

o Modest effect of the magnetic field .}_2‘“6_5“6_4“&)_5"‘a_s‘“5_7‘“6_5“5_9‘“‘15“/‘5
intensity on the acceptance ’

o By inverting the field polarity
(negatives outbending), the
acceptance for the et e~ p topology 3
drops to ~ 9% at W = 4.4 GeV P

ete™ missing mass

G (MeV)
E
E

The W resolution does not depend on :
the torus field configuration. .

02 03 04 05 06 07 08 09 1
By/B 14 /16



Tagged photo-production
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Rates

Low @Q? limit — the unpolarized reaction cross-section is: do(Q, E') = o, (v)-dT’

Virtual photon flux:

b

0.009

o

0.008

dr(Q', E

-

T 4n? By Q2 2

= a E' v |:(2E01/)2

+ 1] dQ' dE’

3

0.007

S

Integration over FT acceptance (2.5° + 4.5°): 06

Scattered electron angle (deg)

0.005

a v | (2Ey —v)? w
df(W)~11: — — | ————+ 1| —dW
W) 4m E2 { Z * M,

0.004

E|

45

F _ 123 . 1075 N 1/10 X untagged Scattered electron energy (GeV)

At W = 4.4 GeV, integrating over AW = 20 MeV:

0.003

15 25 3

Total number of events (case P.(4450), I' = 39 MeV):
Rgen = L-T'- 0] ~2-10° - o] events / day / pbarn

Rmeas = Rgen"BR /ot - € 1.5~103~og events / day / pbarn
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Conclusions
.

Conclusions

® The reaction v* 4+ p — pJ/v can be measured with the
CLAS12+Forward tagger detector, tagging the final state electron
® Preliminary results from MC simulations are encouraging:
® oy ~5 MeV @ 4.4 GeV, independent from CLASI12 resolution
® ¢~ 15% for the et e~ (p) topology
® This measurement is complementary to the untagged one: higher
resolution, lower requirements on CLAS12, but lower statistics

® Untagged measurement: discovery potential
® Tagged measurement: precise measurement of the p-J/4 line-shape

® Further studies must be performed

® Full MC simulation
® Backgrounds evaluation
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