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Jefterson Lab

e [.ocated in Newport News, VA
e Ran for >10 years at 6 GeV with Halls A, BA

e Upgraded to 12 GeV, new Hall D
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e CEBAF accelerator provides e- beam every 2 ns , - -dby o

add new hal
Ny

’ and power supplies

 Snew cryomodules



CLAS

CEBAF
eCLAS was in Hall B of Jefferson Lab, took data ;oo

Acceptance
opectrometer

for > 10 years
e Experiments on hadron spectroscopy, nuclear

structure functions, nuclear processes

¢ 3-layer drift chamber with op/p ~ 0.5%

¢ Start Counter around target
e Scintillator TOF paddles for PID

DC: Drift Chamher

Talks by Ken Hicks (Session 2a), CC: Cerenkov Counter
SC: Scintillation Counter

Natalie Walford (S@SSiOIl 2b) EC: Electromagnetie Calorimeter
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Strangeness Production:
With CLAS _1

e K+ A photoproduction: differential cross

sections, recoil polarizations

eResults also available for K+ 20, ¢p

e Has contributed to our knowledge of

do/d cos 805%™ (ub)

production mechanisms, coupling to N*

states
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http://journals.aps.org/prc/abstract/10.1103/PhysRevC.81.025201/
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.81.025201/

N* States

® Recent results have lead to
updates in PDG

V Crede, W Roberts, Rep. Prog. Phys. 76,076301 (2013)

N* JP (Lajay) 2010 2012 A JP (Laroy) 2010 2012
p 1/27 (Pyy1) % %k ok % % kk A(1232) 3/27 (P33) * K Kk % % Kk
n 1/2% (Pry) % %k ok % %k sk A(1600) 3/27 (P33) % % % % % %
N (1440) 1/2% (Pry) % sk kK % sk kK A(1620) 1/27 (831) % %k kk % % sk
N (1520) 3/27 (Dy3) % sk koK % % sk A(1700) 3/27 (Ds33) % %k kK % % sk
N (1535) 1/27 (S11) % %k ok % % %ok A(1750) 1/2% (P31) * *

N (1650) 1/27 (S11) % sk Kk % k ko A(1900) 1/27 (851) ok %k

N (1675) 5/27 (Dys) %k kk % k kk A(1905) 5/2% (F3s) %k kok % % kk
N (1680) 5/27 (Fi5) % %k sk % % sk A(1910) 1/2% (Psy) % %k skk % % kxk
N (1685) *

N (1700) 3/27 (D13) % %k k % % % A(1920) 3/27 (P33) % %k sk % % k
N (1710) 1/27 (Pyy1) % % % * % % A(1930) 5/27 (Dss) % % % * % %
N (1720) 3/27 (Py3) % %k kok % %k kk A (1940) 3/27 (Ds3) * k%

N (1860) 5/2F k%

N (1875) 3/27 % % k

N (1880) 1/2* Kk

N (1895) 1/2~ 3k

N (1900) 3/27 (Py3) ok % % * A(1950) 7/2% (F37) % %k sk % % kxk
N (1990) 7/2% (Fi7) %k ok A (2000) 5/2% (F3s) ok ok

N (2000) 5/2% (Fis) *k * % A(2150) 1/27 (S51) * *
e D3 Kok A(2200) 7/27 (G37) * *
—AN2090) Sii * A(2300) 9/2% (H39) k% *k

N (2040) 3/2F *

N (2060) 5/2~ kok

N (2100) 1/27 (Pyy) * * A(2350) 5/27 (Dss) * *

N (2120) 3/27 Kk

N (2190) 1/27 (G17) % k kK % %k sk A(2390) 7/2% (F37) * *
—AH22060h D5 ok A (2400) 9/27 (G39) ok ok

N (2220) 9/27 (Hy9) % % ok % % ok A(2420) 11/2% (H3.11) % %k kk % % ok
N (2250) 9/27 (Gy9) % % sk % % %ok A(2750) 13/27 (13,13) 3k %%

N (2600) 11/27 (I1.11) % % % % % % A(2950) 15/2% (K3.15) 3k k%

N (2700) 13/2% (K1.13) %k ok




Complete Experiments

e Unpolarized beam, target = — cross section and recoil polarization only

e Polarized beam and/or target — access to many more observables

e [z [T [p JE [F [e [H][T. [T, [ |L, |o |o,[c [c, [casm

e Allows a “complete™
pn® v v / v v v v v gl, g8,
determination of the &
I A Y A Y S S gl, g8
- 5 g9
production amplitudes S BV B B B R B e o
gll,
e More observables leads to &8, 9
’ v v / v v v v v gl,
. 11,
more constraints on o8, g9
. . PO v v / v v v v v gll,
production mechanism 28, 89
K*A v v / (4 v v v v  / v v v v v v v gl g8,
see talk by Natalie Walford, Session 2b gll
. . K2 v v / v V J / /J /J / /S /v v gl
published, acquired, FroST gll
K"Zt v v v v vV gl g8,

source: Volker Burkert gll



Excited Hyperons
¢ Differential cross sections of 2(1385), A(1405), A(1520)
-Claims of N(2120) (3/2) based on A(1520) cross section!
e [_ine shapes of A(1405) were shown to be different for each 2t channel

- Discussions by Oset, Jido?

| 1.95<W<2.05 (GeV)| ' m -
’II \\\ 20 J-EO
1 % I o
= 70 thresholds A % -------- PDG Breit-Wigner
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1. Jun He, NPA 927,24 (2014), En Wang, Ju- />'\
Jun Xie, Juan Nieves PRC 89,015203 (2014), D)
PRC 90, 065203 (2014) &9,
2.L.Roca, E. Oset, PRC 88, 055206 (2013), B 2 Bl
PRC 87.055201 (2013) =
S. X. Nakamura, D. Jido Prog. Theor. Exp. E
Phys. 2014.023D01 -
S 1 I
@
'S

K. Moriya, R. Schumacher (CLAS)

PRC 87.035206 (2013), PRC 88.045201 (2013)

1 4 1.5
> 5t Invariant Mass (GeV/c?)



http://journals.aps.org/prc/abstract/10.1103/PhysRevC.87.035206
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.87.035206
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.045201
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.045201
http://www.sciencedirect.com/science/article/pii/S0375947414000669
http://www.sciencedirect.com/science/article/pii/S0375947414000669
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.015203
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.015203
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.065203
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.065203
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.055206
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.055206
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.87.055201
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.87.055201
http://ptep.oxfordjournals.org/content/2014/2.toc
http://ptep.oxfordjournals.org/content/2014/2.toc
http://ptep.oxfordjournals.org/content/2014/2.toc
http://ptep.oxfordjournals.org/content/2014/2.toc

= Production

L. Guo (CLAS), PRC 76,025208 (2007)

I ¢ = photoproduction: ¥ + p = K+ K+ X-
i = Sty |
- — 5 b g
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20 Otot ~10 nb at Ey =4 GeV
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http://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.025208
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.025208

= Production

5 J. Goetz (CLAS), presented at HADRON2013
® Dataset Wlth max EY — 5 4 G@V http://pos.sissa.it/archive/conferences/205/097/Hadron%202013 097.pdf
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e Results are still preliminary
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commissioning, 220 days of

statistics running
e Has already taken data for twé

commissioning periods
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Goals for GlueX

e Can we make a connection between the spectrum that we observe with QCD?

e Many holes in our knowledge of spectra for both m , baryons

e ®,
First step is to systematically map out spectra of states

_/
LD 2

Comparison with models, lattice calculations, identification of groups

D
e Can we observe/identity specific states that l‘-}; more about how QCD works?

Identify states excluded from gg scheme, 1.e., exotic quantum number states

14



Overview of GlueX

e Real photon beam centered at 9 GeV
¢ [.iquid hydrogen target

barrel  time-of
G L U E X/\/\\/‘/\/\/ start calorimeter -lflight

counter

target

e Reconstruct charged and neutral

particles over large angular range
¢ Hermetic detector with solenoid

photon beam "

forward drift
chambers

central drift
chamber

-
\ L/
| superconducting
. magnet
beam tagger to detector distance

electron
electron
Is not to scale

magnetic field

tagger magnet beam

15



Photon Beam

¢ Coherent bremsstrahlung from diamond radiator — linearly polarized photons

¢ Recoil electrons detected with tagger using dipole magnet

x 105
~ 4500
Vacuum chamber <
>
3 4000
S
2 3500 TTeenT !
c uncollimated h : ¢ I
o coneren caK.
8 3000 : P
o ° ! ° °
~40% linear polarization
2500 :
20 um L GO, e W e T H
Diamond Radiator I L
. S e 2000
2\t Fixed Array L [ . .
/ | : II Hodoscope %0 - /T K
y 7 > o/E: 0.2-0.5% v
7 v 1000 — c
Microscope 300 IS
beam 4 i >
St‘aﬁeres G/E:0.0S% 0||||||||||||||‘H|‘||||||||||||||
glecto” 6 7 8 9 10 11 12

photon energy (GeV)
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Photon Beam Commissioning

e Ran with 5.5 GeV e beam in Spring 2015

¢ Photon energy spectrum shows strong coherent edge

e Estimated peak polarization of ~65% _Prellmlnary riplet Polarimeter Analysis
: GrueX-
v 300 A it + +
S F Gu-| 2 & |
> 750 = coherent br.emsstrahlung S 3F
a - peak has high degree of e
- linear polarization Q + + H
200 % P ' +
: .
150 - 1E Polarization: 0.72 £ 0.19
100:— : ()g_l111..111.1.1..1.1.111111111.1..
- —Diamond 0 100 200 30
50 = — Amorphous Azimuthal Angle of Triplet Plane [deg.]
OO 1 2 3 4 5

Energy of Beam Photon [GeV]
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¢ (Central Drift Chamber (CDC) covers 6° - 165" around target

® Oy~ 150 um, 0, ~ 1.5 mm
- o Provide charged track hits, dE/dx

¢ Forward Drift Chamber (FDC) covers forward region

18



CDC dE/dx [keV/cm]

Drift Chambers

¢ (Commissioning results
e Separation of protons from /K shown in dE/dx

¢ Nearing design goal for resolution (200-250 pm)

Positively Charged Particles

== = 104 - 30cm target € > ,
---- - plastic target
=t 100 10°
== - E E .
ng - capton window
6 & CEEss 2
. ST o - 103 =3
4 2 F
10 O -
2 ! : Vertex position from
T B e o - 2
900 05 10 15 20 25 30 ' 'V >2 charged tracks
Track Momentum [GeV/c] - , , , | | | , | .

|
0 50
vertex z (cm)

19



Calorimeters

Barrel Calorimeter provides timing for charged particles
and photon detection (11° - 126°)
Pb and scintillating fibers, S1IPM readout

Forward Calorimeter provides photon detection downstream

2800 lead glass blocks

P4

------

20



Calorimeters

e 1V, 1 seen in 2y decays

e Resolution near design goals, more data needed

Yp — YYP
= GLUE
L 700F T Y s
> -
2 600 o
© 500F- S sl =y
£ 400F E 60\'%
~ - 2 40¢
L 300F S 20k
- 3 oob
200 03 04 05 06 0.7
100 - vy Invariant Mass [GeV/c?]
000 01 02 03 04 05 06 07

vy Invariant Mass [GeV/c?]

Arbitrarily Scaled Events / 4 MeV/c?

7 — ~v in Barrel and Forward Calorimeters

_|-r BCAL

1 — EY> 0.2 GeV
' o(E) = 1.2 o(E)

Gui

design

FCAL

— EY> 0.6 GeV
E > 1.2 GeV

(E)~150(E)

design

0.25

O 20
vy Invariant Mass [GeV/c’]

015
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PID iy

e TOF: 2 layers of scintillator paddles

¢ (Combined resolution of 70 ps, 30 . [

\

separation up to 2.5 GeV/c

LY Y

=

LI BT (R Ve R T T

e Start Counter surrounds target, 30 segments

e Helps in beam bunch selection, time

resolution of 300 ps

22



o E/dx measurements from Start Counter
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e Already reached design goal of 90 ps
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Forward DIRC

DIRC bars originally for BaBar2

Bars made of synthetic fused silica

Read out with PMT plane

Provide good m/K separation up to 4 GeV/c
Approved for future high-statistics running

Developing design, readout, etc.

GlueX/Hall D Detector

install here

Picture of the

FDIRC new

optics from the

full Geant4
simulation

19/07/2013

End of the bar box
(12 parallel quartz bars)

PMT
plane
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p Production j—gmﬂ + P cos 2v) @

e yv+p—pplis~10% of total cross section

e Reconstruct p, 7tt, 7T

¢ (lear asymmetry observed in angle of decay plane from

Polarization P
is preserved

photon polarization

N; 1000:— .

Q i cC B

= 800[- & 1908

= i - ¢ Diamond

B 600 — 80~ o Amorphous

= i

o - 60+

@400 - { $+
i 40— +
| \

200 - 20% +++ $73 50 ++++ +++ €2 2293 Sy
- P + $
- Q

_ T . O_ L

L | ! L0 L Lo i RTINS TN Y O M SN TN NN N S I BT SRR BT
%0 02 04 06 08 10 12 14 150 -100 50 0 50 100 150
ntn Invariant Mass [GeV/c?] Angle Between Polarization and Decay Planes 1y [deg.]
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Meson Spectroscopy

Expected reconstructed yields

Cross Proposed
Final Section Phase IV
e For reactions with large cross sections, very high statistics State (ub)  (x10° events)
+, — +
. . Tt 10 3000
¢ Likely targets for exotic mesons are 7t1(1600), 1t1(1900) 0
Tt 2 600
KKnrm 0.5 40
KK 0.1 10
W3 T 0.2 40
- : - 2 6
Theory Predictions of Exotic Meson Decays Cym i 0
Approximate JF¢ Total Width (MeV) Relevant Decays Final States Doy TTCTE 0.2 20
Mass (MeV) PSS IKP 77 .
T 1900 1=t 80 —170 120 bir', prl, fir', am, n'w’ wrrt, 37t 5r, n3nt, o/t Tha T 0.1 1
m 2100 1=T 60—160 110 a1, fin, 7(1300)7 Ar, nArn, mmmr! (7 0.1 3
n} 2300 177 100 —220 170 K (1400)K', K;1(1270)K', K*K' KKnn', KK#', KKw'
bo 2400 07~ 250 —430 670 7(1300)7, him 4r Ot = 126 Mb
ho 2400 07~ 60— 260 90 bir', hin, K(1460)K wrn!, 3w, KKnn 0
h{ 2500 0T~ 260 —490 430 K(1460)K, K1(1270)K T, hin KKnn', n3n PAC proposals:
+- f f
Coe o 10 1w “27;1;?“;;?1” Ao http://arxiv.org/abs/1305.1523
h 2600 27~ 10 — 20 80 K (1400)K', K1 (1270)K', K3 K1 KKnn', KKr'

http://arxiv.org/abs/1408.0215
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Y * Spectroscopy

N

e Augment and extend previous
CLAS results
e Knowledge of Y* states very

limited

threshold c.m. energy (G
(OV)

N

E =90 GeV

E, =12.0 GeV

E, =11.0 GeV

E, =10.0 GeV

. — K*K® =°
B S K 2°(1750) KK
KT A(1600)
Rt K+ A(‘I 405) K+ Z0 (1 385)
. K* =°
— K™ A | |
e
A 2 =

28



Y * Spectroscopy

e Augment and extend previous
CLAS results
e Knowledge of Y* states very

limited

threshold c.m. energy (G

S

N

aaos o laes o I T .
e o S OV N, Vit y i i aas ceo
N,

£ KA 600
L K" A(1520
K" A(1405)

I

E, =9.0 GeV

E, =11.0 GeV
E, = 10.0 GeV

— K* 2°(1385)

—— K*'K® =°(1530)

E, =12.0 GeV |

+,,0 0

KK = _

[1]
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E,=12.0 GeV _

"DECTTOSCODY. L

e Augment;

CLAS re!

¢ Knowled - E i
. . e, [ \ | )
— CLASK* A :
limited m f' ' CLAS K*5° | ]
— & ------- fit to K* A: (22.486 = 4.108) s ' '*=%100 ]
| O fitto K* =% (21.439 = 4.261) s =017 p 0 (1820) -
— ¢ : fiit to K* A: (4.603 = 0.036)/s :
I . fit to K* 2% (4.294 = 0.038)/s :
1 Fa CLAS K* A(1405) : p 0 ]
— { CLAS K* A(1520) : =7(1530)
- CLAS K* (1385) ! _
| I ;—-0
= ;
- i 0.090 - 0.259 ub, 0.053 - 0.197 pb!
= 0.081 - 0.242 b 0.047 - 0.184 b _
Sl =
)
b

ARIZONA STATE UNIVERSITY
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O |

E, =12.0 GeV

Y * Spectroscopy | R
>

E, = 10.0 GeV

E, =9.0 GeV

e Augment and extend previous 4— —
CLAS results :

e Knowledge of Y* states very i
limited 3‘_

+,,0 0

—— K*'K® 2°(1530)

L K A(1600
| S K A(1520

S K* A(1405) K's 0 (1385)

threshold c.m. energy (G

N

- K+ Z0
— K+A |

A )




threshold

K A(1600
1520

K* A(1405)

e K| A$1670§

—— K" A

E, = 12.0 GeV
E, = 11.0 GeV

_K"'

—— K*'K® 2°(1530)

K3 (1750)
Kz (1670)

— K* 2°(1385)

- K+ 20

° =°(1820) |}

A

)




CLAS12

® New detectors for a wide

Solenoid

range of experiments

Beamline

® Under construction,
commissioning in 2016

® Hadronic experiments to look |§@
for exotic mesons and strange
baryons approved

e

PAC pPropos als: boxes for info

http://www.jlab.org/exp_prog/proposals/11/PR12-11-005.pdf

http://www.jlab.org/exp prog/proposals/12/PR12-12-008.pdf
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http://www.jlab.org/exp_prog/proposals/12/PR12-12-008.pdf
http://www.jlab.org/exp_prog/proposals/12/PR12-12-008.pdf
http://www.jlab.org/exp_prog/proposals/11/PR12-11-005.pdf
http://www.jlab.org/exp_prog/proposals/11/PR12-11-005.pdf

I'V. Conclusion

® The Jefferson Lab 12 GeV upgrade 1s almost complete

® GlueX 1s a dedicated hadron spectroscopy experiment

- Commissioning has started, data taking to continue for several years

- Mapping out the spectrum of mesons will be the primary goal
- The spectrum of strange baryons will also be very interesting

® Please consider joining the Jefferson Lab 12 GeV program
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GlueX References

Jetferson Lab
Hall D

GlueX portal

https://www.jlab.org/

https://www.jlab.org/Hall-D/

http://gluex.org/GlueX/Home .html

Current Physics Proposal: http://arxiv.org/abs/1305.1523

PID Upgrade Proposal:

http://arxiv.org/abs/1408.0215
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GlueX Inst1tut10ns

Arizona State University

University of Athens

Carnegie Mellon University

Catholic University
University of Connecticut

Florida International
University

Florida State University

George Washington
University

University of Glasgow
Indiana University
ITEP Moscow

Jeftferson Lab

University of
Massachusetts, Amherst

Massachusetts Institute of
Technology

MePhi

Norfolk State University

North Carolina A&T State

University of North
Carolina, Wilmington

Northwestern University
Santa Maria University
University of Regina

Yerevan Physics Institute

http://gluex.org/GlueX/Collaboration.html
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Other Hall D Experiments

e Charged pion polarizability
- approved for 25 days
- measure polarizability of Tt from y + vy — 7t + 7T

- determine Oy - P to ~10%

e 1 decay width via Primakoff effect
- approved for 79 days
- determine I'yy to 3%

e Rare 1 proposal
- conditionally approved
- search for rare 1 decays
- mass distribution of M(y,y) in 1 — Yy
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A Precision Measurement of the n Radiative
Decay Width via the Pr1makoff Effect

e Approved for 79 PAC days at PAC37 (Jan 2011) i
e Goal: determination of 1 width Ty, to 3% 0s "
e Test of chiral perturbation theory s : () K

< os - ] -
e PAC proposal: 2 CBAL 58 ¢

http://www.jlab.org/exp prog/proposals/10/PR12-10-011.pdf b § N
|
: l
rimako)

experiment #


http://www.jlab.org/exp_prog/proposals/10/PR12-10-011.pdf
http://www.jlab.org/exp_prog/proposals/10/PR12-10-011.pdf

Measuring the Charged Pion
Polarizability in the yy—strReaction

e Approved for 25 PAC days at PAC40 (Jun 2013)

¢ Goal: measure 0 - Px (electric and magnetic

- 60 | | | | | | |
= B -
polarizabilities) to 10% f F Ipue - f . :
e Test of chiral perturbation theory P )
O E R E
e PAC proposal: - Ry -
30— —
http://www.jlab.org/exp prog/proposals/13/PR12-13-008.pdf

20k

d’o 2072 E55% sin? 0, -
dQ—dW-- 2 M;W oL IF(Q%)|?a(yy — nm) (1 + Py cos 2¢W)cm13_
i
0
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[.1inear Polarization

e [ inear polarization: coherent superposition of circular

polarizations
— Decay distributions with azimuthal dependence around vy polarization plane

— Access to more physics observables

— Helps constrain production mechanisms

example : cross section for pseudoscalar meson production

do do
— = | —< 1+ 2P 2
( ds > pol ( ds > unpol [ " e QS]

P.: photon polarization 2: beam asymmetry

can be measured in K+ A, K+ 20, ...
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Further Results

From Commissioning
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Experimental Results tor Exotics

¢ Some reports on states with JF¢ = [+ See C. Meyer, Y. Van Haarlem,
PRC 82, 025208 (2010)

for review of exotic mesons

¢ 11(1600) thought to be most established state

e Most recently COMPASS reported m1(1600) in 5T + Pb — wttwr+ Pb

800E 1™ 1*pm P | 150F :
E | = resonant phase motion
__ 7001 |l | 100 |
3 o oAl
2 500 b W m(1600) | 3 o
400 W2 g l
3 300 It 2 Tk
49 E = _ B ®e
< 2005 ] S l~/-/.~ . B 1005 AD(17+-2) |
100 : RIS \ I 150
= .%ll /| | |l 3t ~.1._,_} T T T T M. G. Alekseev et al.(COMPASS),
O addet actimom i L L R 200006708 T 12 14 16 18 2 22 24 PRL104,241803 (2010)

M(rtrere) (GeV) M(rrtrt) (GeV)
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Lattice QCD Predictions

e Lattice QCD can give predictions on spectrum of mesons

e States that have strong overlap with exotic quantum numbers are predicted

Jozef Dudek, PRD 84, 074023 (2011)
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Lattice QCD Predictions

e Lattice QCD can give predictions on spectrum of mesons

e States that have strong overlap with exotic quantum numbers are predicted

2.5

Jozef Dudek, PRD 84, 074023 (2011)

2.0+

20(5)°

negative parity

positive parity

1

exotics

¢ [dentifying exotic quantum number states will show existence of non-gq states

~
N

¢ To understand the spectrum

-

-

0.5+

™~
N

, we need to systematically map out all states

2++ 3++

m. = 396 MeV

isoscalar
;

isovector

YM glueball

S

40



Lattice QCD Predictions

e Lattice QCD can predict spectrum of baryons

e Most states not 1dentified by experiment yet
A—-391 Y.—391

2-0 I : I : I : I : I : I R I R I : I 2-0

flavor singlet

flavor octet

S
flavor decouplet h%

R. Edwards et al.,
PRD 87, 054506 (2013)
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Lattice QCD Predictions

e Lattice QCD can predict spectrum of baryons

e Most states not 1dentified by experiment yet
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R. Edwards et al.,
PRD 87, 054506 (2013)
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Baryons with S = -3

Only 4 known C2() states

Never detected in photoproduction - need v + p — K+ K+ K9 -

First excited state in PDG is €2(2250) - excitation of >550 MeV/c2
Rates, acceptance expected to be extremely small at GlueX

If we can tag vertices of - — Am and A — p 7T, we can
discriminate most backgrounds
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Charm Productionz

o 10 T
1 1 ) /¥ elastic
Charm production requires much more energy g | AR ;
© 10 | * SLACT5 | -
Threshold for Y+p— J/w +p ig EY — 82 GeV N SLAC 76 unpublished
1
Open charm: v+ p —= DY Ac+tat Ey =8.7 GeV = E
Rates will be very small 10 .
Current estimates are ~400 J/ events in 2 months ;4 _
of running (study by Kamal Seth, Northwestern _
University) 10 2 .
N I b) (1-x)°, 2-gluon exchange A
I — b fit to the data at 8.3-25 Ge\/f
10 N R

10 15 20 o5
EY GeV
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P.t States

Discovered by LCHb in Ay — K- + J/4p + p!

Final state of J/1p + p, masses are above open
charm threshold

Photoproduction cross section, branching
fraction to J/4p + p unknown

Photon flux, polarization will be small at these
energies for GlueX

1.R. Aaij et al. (LHCb), arXiv hep-ex:1507.03414

threshold c.m. energy (GeV)

.

E, =12 GeV
EY =11 GeV
Y p
B D? AZ(2595)
EY =10 GeV
D A
EY = 9 GeV
D' A
L Jp p
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P.t States

Discovered by LCHb in Ay — K- + J/4p + p!

Final state of J/1p + p, masses are above open
charm threshold

Photoproduction cross section, branching
fraction to J/4p + p unknown

Photon flux, polarization will be small at these
energies for GlueX

1.R. Aaij et al. (LHCb), arXiv hep-ex:1507.03414

threshold c.m. energy (GeV)

.

E, = 12 GeV

EY =11 GeV

¥ p

D? AZ(2595)

EY =10 GeV

P(4450) p |

P.(4380)" p
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