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Motivation

A Idea: study QCD through spectrum of
bound states o o o
o

mesons baryons

A Open questions:

i Which color-singlet states exist in
nature?

tetraquark pentaquark

hybrid meson glueball
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Motivation

A Idea: study QCD through spectrum of

bound states o o o

A Open questions: mesons baryons

i Which color-singlet states exist in
nature?

tetraquark

I Do gluonic degrees of freedom
manifest themselves in the bound @
states that we observe? @

hybrid meson glueball
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Search Filter: Exotic Quantum Numbers

Mesons are arranged in grobtps of

J=L+S P=(-1)*1 C=(-1)-*S

ANor mal 0 Meson

Allowed JPC¢: Q" *QO*+, 17T 11 2+ 21+ @
Forbidden JPC: 0" ' O* 1T 1T *+ 2+ 1 é



Search Filter: Exotic Quantum Numbers

Mesons are arranged in grobtps of
gluoncFA St R SEOA

J=L+S P=(-1)-*! C=(-1)-*S ¢constituent gluoné (JF¢) = 10 b

oONor mal 6 Meson oHybrido Meson
Allowed JFC¢: Q" *O*+, 17T 1+1 2+ 21+ & Allowed JP¢: 0" +Oo*" 471 17+
Forbidden JPC: 0" ' O* 1T 1T *+ 2+ 1 é 21 + 21 é

We <call the red
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Exotic Meson Production Via Photo-production

\ﬂ(f\w ?) A Exchange ,..»‘Emtic Final States"“s...
P 0t |7 b,h A 27,07
?TD (0 bghghé 2T~ :
P, 7, p,.. ~+ o0+ ?T1: {—+
W 1—— l'\‘x’?ﬁ LT 5 1) 1=

;D /‘\\ I): ?1:

A A wide variety of I¢ JPCstates can be produced, including all expected
hybrids.

A Existing relevant photo-production data are sparse.
(Xsects lower than with pion beams. Need a high intensity photon beam!)

A Photon polarization provides an additional constraint on the production
mechanism.
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Expected Decay Channels

RedA large BR Black A small BR, much harder

Py - P L pby, pfyp [@ha
h1 B hfZl azp: hfll hhé p(13oo)pl alp:
h,o K’K, K( 127 &) K 41hHhoK

b,- wpap,r Rfyr ap, hip, byh
hz = r pblpl W h f1W
hg K 127 &)K 41 K)KKfh, ff

bo- p(1300)p, hyp, fir, bsh
hO_ blp ' hlh
hg- K(1270)K, K( 1 4 6Hh) K

A broad survey for hybrid mesons requires a large acceptance
detector with good PID for both charged particles and photons.



Where to Start?
Initial Channel Candidates

For ¢+pA p+meson® (ie, no charge exchange):
a A af,A a(2U)gyy,
A Uag,A U(a Yisy,
where both 32P° and & U*U can be searched for signals.

As for o
b, A al A a(UuU)ge

the neutral channel is not useful for the b, since there isnoi A 2W°.

Both the a U'U  and a 2LP° channels are reasonably well
motivated for an exotic hybrid search for the 8;and b, .
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a U Dnvariant Mass in g+pA p+a U U

The lowest lying peaks
Beam E > 7 GeV, n n* " Invar Mass are the et abo

_ Eta Pis Invar Mass
3 B0 " e
a w 800 Std Dev__ 0.5476
7002— o
soof— GLUE A
5oof— .
S Preliminary
400 = .
e Thesis topic of
P0E Alex Fernez (CMU)
100 —
%5 1 15 2 25 3 3.5

Mass (GeV/c?)
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a U Dnvariant Mass in g+pA p+a U

Beam E > 7 GeV, n n* n" Invar Mass
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Eta Pis Invar Mass
Entries 139076
Mean 1.884
Std Dev 0.5476

Gu

Preliminar

1.5 2 25

N

U

Allowing for
resolution
differences, the
lowest-lying peaks
are common to
both spectra.

Thesis topic of

Alex Fernez (CMU)

! Mass (GeV/cg)‘5
M, om0 (E_ > 7 GeV)
- ¥ M EtaPIOP 0 PosiCutsHighEnergies
N~ A2 F Entri 52249
2 O =1 - f'{1 283) MT;;:S 2.067
© 250 — Std Dev 0.5909
o %9 Gu Exﬁfw
150| Preliminary
100 —
- Thesis topic of
50— Georgios Vasileiadis
= (U. Athens)
DO I IO,ISI I I ‘II e I‘I.I5I é 2!5I ~ o

3.5 4
M, oo (GEV/CT)
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a U Dnvariant Mass in g+pA p+a U U

The purpose of
Er:a_PisInva;;}\él;ss??5 doubllng J I_ a b 6 S

Beam E > 7 GeV, n n* n" Invar Mass

a )y . oss]  beam energy to 12
GLui - .G.eV was to
from .Xv efficiently produce
26000 mesons of mass

2-2.5 GeV/c2.
Here we arel

2] IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

3 After selecting
events in this mass
region (yellow), on
the next slide we

look for evidence of
the desired decay

channels

af2, Ua2,and an.
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M@ Jvs M(2U) in G+pA pa B

M(a U)hear ~ 2 GeV/c?

Beam E > 7 GeV, M? of nn’ vs n*n, 1.8 < M <22

, 4 M2 EtaPiM v Pis 82
= = Entries 43807
23 I\ = ..F Meanx  0.9101
a 35F Mean y 1.735
- Std Devx 0.5259
3 StdDevy 0.7107
- 14
2.5 12
2 10
15F 8
- 6
1 —
— 4
05—
= 2
0 : 1 1 1 1 I ? 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 0
0 0.5 1 15 2 25 3 35 4
OV
Very strong

al signal
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M@ Jvs M(2U) in G+pA pa B

M2 Y =

Strong

U a2 signal

Baryonic bkg
from U a0.

M(a U)hear ~ 2 GeV/c?

Beam E >7 GeV, M? of nn vs n*n, 1.8 <M <2.2
™" [ M2 EtaPiM v Pis 82

= 4 = Entries 43807
C Mean x 0.9101
— Meany 1.735
- Std Devx 0.5259
3 StdDevy 0.7107
- 14
2.5 12
2 10
—> :
15F 8
- 6
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— 4
05—
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{1V
Very strong
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M@ Uvs M(2U) in g+pA pa tLF

M(a U)hear ~ 2 GeV/c?

Beam E > 7 GeV, M? of nn’ vs n*n, 1.8 < M <22

, 4 M2 EtaPiM v Pis 82
2 w \ NE - II\Eﬂr:;ies g%ﬁ%ﬁ
= = nx .
M@ =g o
3 [ StdDevy 0.7107
- 14
2.5 12
S'I'r‘ong 2 10
~ . —_— =
U a2 signal s 8
. - 6
Baryonic bkg —— 1 .
from U a0. =
- 2
o e M
< M2 tn
M2(U Y
Very strong
al signal
Needs a P Wjustgameng started.
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The GlueX Experiment at Jeffersoﬁﬁ 2 G

BaBar DIRC Bars forward calorimeter

GLUEX Vet i

Photo Production
Light-quark Mesons
Strangeonium States

photon beam

diamond forward drift
wafer chambers
central drift
chamber
electron superconductin
electron tagger magnet beam magnet g
beam tagger to detector distance

is not to scale

Salient features for the field of meson spectroscopy:
A Intense beam of 3-12 GeV photons of known energy
A 40% linear polarization in the coherent peak near 9 GeV.
Sparse bubble chamber data from SLAC are all that exist for photons of this energy.
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The GlueX Collaboration

Arizona State, Athens, Carnegie Mellon, Catholic University, Univ. of Connecticut, Florida
International, Florida State, George Washington, Glasgow, GSI, Indiana University, IHEP,
ITEP, Jefferson Lab, U. Mass Amherst, MIT, MePhi, Norfolk State, North Carolina A&T, Univ.
North Carolina Wilmington, Northwestern, Old Dominion, Santa Maria, University of
Regina, Tomsk, Wuhan and Yerevan Physics Institute.

Over 125 collaborators from more than 25 institutions with others joining and more are
welcome.
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Photon Beamline

Photon Tagger Pair Spectrometer

12 G ev e- l & TT:'P!'?!YQ’?H@?!?(----,

North LINAC |
Photon
Beam Dump

Photon Flux (Arb. Units)

Polarization

Diamond Radiator  Electron Collimator GlueX
East ARC Beam Dump Spectrometer
ok _ vamond paRa 9 GeV Polarized Photon Beam
= — Diamond: PERP 5
3  Aluminu E @ Coherent Bremsstrahlung on thin diamond
st E @ Energy tagged by scattered electrons
- - @ Collimator to suppress incoherent part
A . Y @ Linear polarization in peak P ~ 40%,
= ® PARA = ' .
oaf- F** ¥ = PERP = measured by Triplet polarimeter:
L ** E ve~ —» e efe”
o.ii* #;*’H”i”{hg @ Beam intensity: 1 —5- 107 v/s in peak

Photon Beam Energy (GeV) 19



GlueX Detector

118.1°

Solenoid, Target (blue) 1264 -'

Tracking (red)

beam —> 185cm

Calorimetry (green)

Timing (magenta)
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Status
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2015
Spring

Running Periods

GlueXGoal GlueXEvent Electron
Triggers Beam
(JLabPriority) on LH2 Target Energy
with Diamond (Coherent
Radiator Peak)
Commission CH2 target 5.5 GeV
GlueX (4.1 GeV)
(Hall A)
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Running Periods

GlueXGoal GlueXEvent Electron
- Triggers Beam
(JLabPriority) on LH2 Target SE)

with Diamond (Coherent
Radiator Peak)

Feb 2016 CEBAF Three-Year Schedule

Commission CH2 target 5.5GeV

) Calendar Year | 2016 | 2017 | 2018
Spring GlueX (4.1 GeV) Fiscal Year 2016 2017 2018
(Ha” A) . Opportunistic
Accelerator QZ!‘:'IIN -F'hysins _Ph sics Physics -
2016 Engineering ~26 billion 12.05 GeV
. g - SBS Construction
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Beam | ] | I . |
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—__———_—_ -__--_---:p;t:;pistic I B Lt '-~--~
,—H D Activity ysics ysics Physics ~No
,:’ a Beam | NEN NN — — — o = \)
~ P

DENERGY | &FA Jefferson Lab
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2015
Spring

Commission
GlueX
(Hall A)

Engineering
Run
(HallD at 12
GeV)

PhysicsPhasd
(Halls B,C)

2016
Spring

2017
Spring

Running Periods

CHZ2 target

~26 billion
(~7 billion
G332t RS\

~50 billion
(20% of Phase 1)

5.5 GeV Feb 2016 CEBAF Three-Year Schedule
' Calendar Year [ 2016 | 2017 | 2018
(4.1 GeV) Fiscal Year 2016 2017 2018
- Opportunistic
Activity Physics Physics Physics
12 05 GeV Accelerator | o,y - - o — - eem =
. e
- SBS Construction
9 0 G V Activity
S
( ' e ) Hall A Activity R Physics Physics
Beam I . |, I |
Activity CLAS12 Construction/Instdllation
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11 64 GeV Activity Non-CLAS12 Ops Comm. Physics Physics
. Beam | |
(8.8 GeV)
HallC ictwny SHMS Construction/Installation
ctivity Comm. Physics Physics
Beam |
Pl Opportunistic el LY -~
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Beam | |
¢ m= | = o ol
~ P
Sso Beam for Commissioning [l Beam for Physics [l Non-CLAS12 Ops -

-
-
~——

&) ENERGY |onee €

Jefferson Lab
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2015
Spring

Commission
GlueX
(Hall A)

Engineering
Run
(HallD at 12
GeV)

2016
Spring

2017 Physichasd
Spring (Halls B,C)
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Winter Phasd
(4 Hall
operations)

Running Periods

CHZ2 target
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G332t RS\
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(20% of Phase 1)

ongoing
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. e
Activity SBS Construction
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Event Display Example: Observation of J/0

grpA p + J/0
J/0 A ete

top view (lookingdown fromabove detector)
\\\\\\“."w,l!!l,’!‘-'”ﬂ//,/
1 0 GeV Q\f\}k\\}y{“;‘.‘\.. ..:,.,"!,{;-,Z,-///,‘p
- ‘30 ‘o

e+(9.2 GeV) *

EN R
N

- \i‘\

S8 5 G W

¥ o ) 8, L 8
\\\\\\\\

)

4 & ;I;a

LTHIT!

F——70cm

()]
+
I

Y
L p——70cm
Thesis topic of Luke Robison (Northwestern U.)
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Event Display Example: Observation of J/0
grpAp+J/0
J/0 A ete
(1.0 GeV) o
p(1.1 GeV)
e+(9.2 GeV)

0 LI M
A 7/

ko0 0 '

X Fipr
{ These events are challenging. At start-up luminosity,

ddeviewfomp _There was O(1) reconstructable J/Psi per hour

e et

]

..........

-

p——70cm
Thesis topic of Luke Robison (Northwestern U.)
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Published or short-term results.

The Beam Asymmetry, dz for g+pA p+PS



\\

Q

Beam Asymmetries for gp A p + WP/

A Tests the reaction mechanism for photo-production of PS and 1+ exotic
hybrid mesons.

A Finite Energy Sum Rules relate high energy amplitudes to the amplitudes in
the baryon resonance region. https://arxiv.org/abs/1708.07779

Meson Production Plane

Plane Parallel to Lab Floor /

(same as PARA polarization plane)

29


https://arxiv.org/abs/1708.07779

Beam Asymmetries for gp A p + WP/

A Tests the reaction mechanism for photo-production of PS and 1+ exotic
hybrid mesons.

A Finite Energy Sum Rules relate high energy amplitudes to the amplitudes in
the baryon resonance region. https://arxiv.org/abs/1708.07779

Meson Production Plane

Plane Parallel to Lab Floor
(same as PARA polarization plan

v 0
- Exchange JC |w + p|2 — |h + b|2
_ ¥ =
L rwp w + p|? + |h +b]?
p . ~:b,h
; A +1 for vector exchange.

A -1 for axial-vector exchange.
JPAC: Mathieu et al., PRD 92, 074013
https://arxiv.org/abs/1505.02321 30
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https://arxiv.org/abs/1708.07779
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321
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Beam Asymmetries: gp A p+ WP/ A

l‘JO r‘eglon: g 10.1_; — GlueX Data E—
neghglble bkg é: af || mbackiround(MC] :

‘i 2 0F TP = PYY
from missing a i F ! E
red-shifted 3 "E . :
bachelor photon 0 E

| jm o 0° 0.3 L
,« ¥ Invariant Mass (GeVic?)
M(29)



Beam Asym

WO region:
negligible bkg
from missing a

red-shifted
bachelor photon

from OAU%B\

)

Counts / 10 (MeV/c?

metries: gp A p+ W0/ a

E

— GlueX Data
Il © background (MC)

P = Py

=

\\

a region:
very small bkg from
missing a photon
from the W in

OA g,
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Beam Asymmetries: gp A p+ W/ a

l‘JO r‘eglon: g mdi_ | | ;Glu;xnata | ; a F e g | on:

.= s : o background (MC) E .
?ig#\g;‘silsesi?;ga 3 W —py 3 very small bkg from
red-shifted :F .1 missing a photon
bachelor photon oE E féronao’r,l'\e U in
from (ﬂ)% }Oz - _ )ﬂs.

c?)

o TR @ P A Wel 2
ESHD@* W A& ++++++ W 1 Eod
" W "h 1 wop t 3 E
400; W o #H‘: ! ++++ w1l Z o
300F 3 300 w . ot %, E C
3 Mﬁ *M : 2[1[];1' ++J++ ++§ & DE
1uo§— _ 100F 3 i
L Polarization E || Polarization 0.4f
SR R R L R R :
LA 9 roton
A Most acceptance effects cancel.
A Beam polarimetry (+-1.5% uncertainty) is Y, — FRYH
provided by theTriplet POLarmeter (TPOL): = P.,X cos2¢
Y, + FRrY, K P
1 RL||

NIM A867 (2017) 115-127

https://arxiv.org/abs/1703.07875 33



https://arxiv.org/abs/1703.07875

Beam Asymmetries: 6p A p+ WP/ A

i
TTTas T 11

Asymmetry 7

Y = pr’ G

¢ GlueX 8.4<E <9.0 GeV
¢ SLAC E=10 GeV

P I N BN S SR SR SRR A B
00 02 04 06 08 1 12 14 16 18

Z

N SRR NN NS NE S

Asymmet ryy

-t (GeV/c)?
®) TP — p7
‘}{. ...... + ..... } ...................... =
- - Laget [5,6]
JPAC [7,8]

--- Donnachie [9]
Goldstein [4] —

- :-- I I I il L L1 L L. -|...:'-.I
"0 02 04 06 08 1 12 14 16 18 2

-t (GeV/cy

\\

First GlueX physics publication
PRC 95, 042201 (2017)
https://arxiv.org/abs/1701.08123

Sabbatical project of Zhenyud6 J ane 6 Zhang,

Exclusive, very low bkg measurements
of A p+Pdusing only 2016 data:

A dz & 1 indicates vec
dominates this beam energy and &t
range.

A The a8 measurement |
this beam energy range.

34
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Forthcoming ad & dzAsymmetries

one example

n*nn Mass Post-Cut

APredicted to be ~1 unless hidden

. . A = o 1 . ! o
strangeness is enhanced (ie, ¥ exchange) o w i A
https://arxiv.org/abs/1704.07684 Q000 5o M_gm_;m_ﬂ__,.ﬁ
o . . §1500 i '
AUses similar (26)UrU topologies: 8,0l g j
: | Y
3 P Ul “ |
é@x 3 U+U- i BT R
(Side-Band Asymmetry Region in Purple) TC+TC?|] MaSS (GeV)
AProvides experience buildingas i n ou- 5 /%, Vs -t
cleanest, high yield channel. B A S S S
All 5 particles detected in the final state. .72 =
AWill use full 2017 Dataset i | E
Thesis topic of Tegan Beattie (U. Regina) ZZ: ?L% P‘;:;ﬁ'sffzf :
© oz o4 o 08 1 iz
+ (GeV?)
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Short-term results.

Spin Density Matrix Elements
o{ 5a9Qawuv
Also tests the reaction mechanism for photo-production, but now including
the richer information provided by decay of a vector meson



SDMEOs of Vect or

The SDMEs measure the transfer of polarization from the photon to the vector meson.
Multiple analyses are in progress (V=0,7,andy) . Today | 80 resulssh ow

Oh, Titov, Lee model

Itot — I]P’_I'[?T +I77

y (k) Vig) Y \'
AV \,/’.\_/-2_\ —————————— N N N
/{ P T
<
< i
N (p) N@") N N

Model the nonresonant amplitude as the sum of Pomeron and

Pseudoscalar exchange
Phys. Rev. C 63 (2001) 025201

In the OTL model, the SDMEs are sensitive to the relative amounts of
Pomeron and PS meson exchange (mostly WP).

37
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SDMEOs of

New wrinkles beyond the dzasymmetry analyses:
i. Need corrections for relative acceptance

ii. Need to transform into the helicity frame

Angular Distribution

3
W(cos,¢) = WO(cosh,¢)+ Z P! W*(cosb, §)

=1

P'Y = P,(—cos2®, —sin2®,0)

@ is the angle between the polarization
direction and the production plane.

Hadronic Decay

3 (1 1
0 0y _ 0 0 2
Wy (cost,p,p”) = - 5(1—.000)“‘5(3!?00—1)00‘3 0
—v2Rep?,sin20 cos ¢ — p? | sin’ 6 cos 2¢:]
Wy (cosb,p,p") = % :pil sin? @ + pl, cos® 8 — V2 Rep}, sin 26 cos ¢

—p1_ sin® O cos 2¢]

3
4

W(cos b, o, p?) \/§ Imp3, sin 20 sin ¢ + Imp?_, sin® #sin 2¢|}

Fit
quality.

-1 -08 06 -04 02 0 02 04 06 08 1
cosé

o

38
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SDME 8 © Madons 8 OTL Model

[L1 ——

ol

oz

e Al Amglitudes

— Pomeron Only ...... A 17 U AOUUU: SUPURIIS RSO ST SOPOO- OO SO PO

af.
_
Ul 02 03 0-1 05 Uli 0? OB 09 01 02 03 04 05 06 07 0B 08
H NGeVe*)] 1 (GeVie™]

Blue 6 Pomeron Only

Red 0 Pseudoscalar Only

Green 0 Combined

(KA B L T B R T a7 iR e
- GeVE] |rG=\r 4 iGeve ]

-t dependence of ) SDMEs

Note the often different behavior predicted for pure Blue/Pomeron and Red/PS.
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SDME 8 © Madons 8 OTL Model

All Ampliludes

— Pomeron Only ...... A 17 U AOUUU: SUPURIIS RSO ST SOPOO- OO SO PO

i T AP P N e Ll
01 02 ﬂ 3 0 d O 5 0 B 0 ? 0 D 0 a . . X . . [k B0 a1 02 03 04 05 06 07 0B 08
H NGeVe*)] 4 Lo 1 (GeVie™]

Blue 6 Pomeron Only

Red 0 Pseudoscalar Only

Green 0 Combined

T t[m:r?,l] N a.u [E R N T Im:\r; g B a7 na"lt;]e
N, .“-t dependence of O SDMEs
~

Note the often different behavior pr'edic‘red for pure Blue/Pomeron and Red/PS. 40



SDME 8 © Madons s ac

Blue - GlueX

Her e | only show 2 of t h, 9 _______ SDMI: A: < t he
one with little model sensitivity, and one | L= lTh'S SDME has

. . e bt et it e sensitivity
with high model sensitivity. But broadly ™ © 0 toPvsPS
speaking,: g

Aresults are consistent with the dominance osfraslenindii b bl

-1 [Gevi ]
of Pomeron exchange at our beam energy |
and range of ot. OSDME®G sS’raubMP.hD thesis, Sept 2017,
Carnegie Mellon U.

Ain the context of the OTL model, a small """" & . Strong sensitivity
adjustment in the relative strengths of the S TS B R toPvsPS
Pomeron and W° may be needed. ’

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

D FlllliulluillllillluIlullillllilullillllillll‘
I.'JI 01 02 031 04 G5 DE OF OB 089
-1 [1Eevie Y] 41




Short-term results.

Lepto-phobic Dark Omega Search

Searching for a dark matter particle with suppressed couplings to leptons,
and in a poorly constrained mass range



Searches for a Lepto-phobic Dark Vector Boson

At the GeV scale, there has been relatively little progress searching for a
dark boson with suppressed couplings to electrons and muons.
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Searches for a Lepto-phobic Dark Vector Boson

At the GeV scale, there has been relatively little progress searching for a
dark boson with suppressed couplings to electrons and muons.

Recently Tulin considered a model with universal quark couplings, which
preserves low energy symmetries of QCD. He focused on light meson decays
producing dark omegas. PRD89, 14008 (2014)

-2%11[ — (égﬁ + EQQE]"-:L_F—:-‘”“{}B,U — E‘EE"}"'“EBM

ap = gy /4m,
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Searches for a Lepto-phobic Dark Vector Boson

At the GeV scale, there has been relatively little progress searching for a
dark boson with suppressed couplings to electrons and muons.

Recently Tulin considered a model with universal quark couplings, which
preserves low energy symmetries of QCD. He focused on light meson decays
producing dark omegas. PRD89, 14008 (2014)

_{2:;1“ — (égB —|— Equ’Jﬁ’:‘-'ﬂqB# — Effﬁr#{Bﬁ
ap = gy /4m,

Fanelli and Williams then formalized direct Oy production g+pA Oy +p . This
has clear advantages in certain mass ranges. (But needs GlueX SDME datal)

W, O
T AN AN, B
0 http://arxiv.org/abs/1605.07161

o, T, POImerorn

p > > p
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Direct Production
Mg = 600-900 MeV/c?

In this mass range, Tulin predicts the
dominant decay would be Oy A UULPO .

0.01+

BR(B — final state)

1 I 1 [ N

0 200 400 600 800

M(Op) MeV/c2
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Direct Production
Mg = 600-900 MeV/c?

In this mass range, Tulin predicts the

dominant decay would be Oy A UULPO . Looking for a bump
in GlueX data.
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Expected Constraints on Lepto-phobic
Dark Coupling and Mass Using Direct Production

Gu

Preliminary

A coupling
U ~ Uy has
hot yet been

excluded in the

0.5-1 GeV/c?
mass rangel!
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Expected Constraints on Lepto-phobic
Dark Coupling and Mass Using Direct Production

Gu

Preliminary

1072F :
E- -5 <«---- Spring 2016 Preliminary
UB 107*F - 13 pb7 Q0T6): i 3
6 lﬂ;i‘: i3
10” ] ]
""""""" 1 Thesis topic of John Hardi
J.Phys. G44 (2017) no.1, 014002 3 est °P'(‘;\A°IT).° n Hardin

200 400 600 800
M(OD) MeV/c?
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Expected Constraints on Lepto-phobic
Dark Coupling and Mass Using Direct Production

Gu

Preliminary

107°F _
E ' +---- Spring 2016 Preliminary
Lk 10F 1.3 pb! (201638, i
---------------------------- e H «..._ Entire GlueX program,
Py only considering beam
N I flux in the coherent peak.
K.
—6 Lt "
10 3

J.Phys. G44 (2017) no.1, 014002 3

200 400 600 800
M(Op) MeV/c?
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Summary

A GlueX is a new, linearly polarized photo-production facility with the beam
energy, acceptance, and intensity to search for exotic hybrid mesons with
LQCD-anticipated masses of 2-2.5 GeV/c?.

A The detectors and beamline instrumentation are all working well. We are
routinely reconstructing complete final states with 5-7 tracks+showers.

A Early beam asymmetry dzmeasurements have been possible due to precision
polarimetry.

APreliminary O%mMN§EHio-production have been produced.
A Leptophobic o0dark omegadé search is unde
Spring 2016 data alone have statistical power to improve constraints

on dark coupling U by 2 orders of magnitude for Oy of 0.5-0.9 GeV/c2.

AwWedve dipped our toe in the water of
Preliminary event selection for al and b2 searches looks promising.
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a land U ULnvariant Masses in g+pA p+a

a2l
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Direct B Production g+pA B+p

Fanelli and Williams http://arxiv.orqg/abs/1605.07161

Off-shell O, §, and B mix. The amplitude to decay as a B is:

o . 208 J
N W, ¢ A VP ;,_ir :| = .
ANV, B P 312
: ’H[]: T, pomeron TH.E.A["*}.? —% _||'.?'l'.-'_-' :II'-I- ”-!E_i.-"'i [f:,}_i- — }j.,._-_. :.I'-'- H.
! | » —— - + ———— "
p > > p D (mg) V2D (mg) a

The natural W, and unnatural W parity cross sections are:

mio (ypopw)  mior(yp—pd)  V2ceos(pr)mimi/ ot (vp—pw)o+(yp— p@ﬁ)]

or(yp—pB) = zlﬂifb{m ) +
+\1P—=Pb) = 97 B O(my, )| D, (mp)|*  2®(my)|Dg(mp)|? D, (mg)||Dg(mp)|\/ ®(m,,)P(my)

where the baryonic fine structure constant is g = gp/4m.

We need the relative proportions of natural and unnatural parity exchange at our beam
energy. Ongoing GlueX analyses determine the relative importance of Pomeron vs meson
exchange:

O S D ME 6 sStaibylPhD thesis, Sept 2017, Carnegie Mellon U.
ySDMEOGs, A. Barnes, PhD thesi s, May 2
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OTL Prediction for SDMEs

Green ¢ Pomeron + PS Amplitudes
Blue ¢ Pomeron Only

Red ¢ Pseudoscalar Only
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SDMEOs of Vect or
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Direct Photoproduction

J  The B natural (+) and unnatural (-) parity exchange cross sections are directly related to
those of the w and ¢ mesons.

[ propagators ]

M, 0+ (7P — pw) Mo+ (Yp—pd

&(m,)|Du(mp) " 28(my)(Dy(mp)?

(orasespace ) VZcos (o) m2m3 /o1 (yp— pw)o (10— p9)
_+_
unknown phase |Dw(mB)||D¢(mB)|\/<I>(mw)<I>(m¢)
difference between
® and ¢

The B boson production rate for any as can be inferred once o(w) and ¢(¢) and SDME are measured.
We only need ratios of B over w,¢p so many experimental systematics will cancel in the B search.
The unknown interference term has little impact for m(B) < 0.9 GeV.

The natural phase difference could be measured via a PWA of 31 (by looking for a sharp dip in the 1
wave as seen in e+e-—31 and used to measure the w-¢ phase difference).

(R Wy W

C. Fanelli, APS DNP 2017 Pittsburgh
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Beamline Instrumentation

Photon Tagger Triplet Polarimeter

Measure energy of incoming photon Measure photon beam
beam with precision of 0.1% polarization

ve~ — e ete”

Pair Spectrometer

D PS-A PSC-A
ipole Magne! ‘
Vacuum Chamber l ] i};
Converter - & ll
O = r Photon
Y —I - o 0 beam
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> te e—f
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Measure photon beam flux

vZ — Zete~
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Forthcoming dzAsymmetry Measurements
Using 8x Larger 2017 Dataset

A Ratio of 403 asymmetries in PSU*UA (26) U'U-

Predicted to be ~1 unless hidden strangeness (ie,

¥ exchange) is enhanced.
https://arxiv.orq/abs/1704.07684

Experience inbuildingad i n our <cl ea
channel. All 5 particles detected in the final state.
Thesis topic of Tegan Beattie (U. Regina)

A & asymmetry in 3 main & decay channels
improves statistics on a asymmetry
multi-channel systematics checks

Thesis topic of Will McGinley (CMU)
A Ue™ asymmetry
Charge exchange rxn

-t dependent interplay of U, 71, and a2 exchange
Thesis topic of John Zarling (UL Bloomington)
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Beam Asymmetries: d¥ p Y

T ] ALYyAGAFE addzR
= T ™ dncarsiony | beam asymmetries using
R i g — ___ 5 2017 data and additional
c 0,85 ] = | : | === decay mOdeS are
- E GL% ik A consistent with vector
< E ey Greennomimad exchange dominance
R L b e I Full GlueX-I data will
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T magnitude more events
= 1.4: : ‘ -
%" . — : ] nn L
= “j; | o [ Program of production
e oo — T — _E amplitude studies is well
> - ]
< 0'2?' Preliminary =~ A ?

ooz e e o8 1-t (G;ilz) Statistical uncertainties only

S. Dobbst SESAPS 2017 T Nov. 18,2017 Tt Recent Results from the GlueX Experiment



Beam Asymmet ri'egs: Y p

A Charged pseudoscalar beam asymmetry
program under way

I Experimentally more challenging

} 1, Praliminary results use order of magnitude
more data than previous results

—————— B.G Yu (Korea Aerospace U.), arxiv:1611.09629v5 (16 GeV)
J. Nys (JPAC), arxiv: 1710.09394v1 (B.5 GeV)
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Design and Construction of a high-energy photon polarimeter
(TPOL or Triplet POLarimeter)

Nucl.Instrum.Meth. A867 (2017) 115-127 https://arxiv.org/abs/1703.07875

To measure the photon polarization near 8.5 GeV, the TPOL uses pair production from
atomic electrons in a Be target.

-
¥ e
Table 1: Estimated systematic uncertainty in the TPOL determina-
tion of heam asymmetry ¥ 4.
+
e a3 A
Source of Estimated
uncertainty uncertainty
e. e (ox,/X4)
Converter thickness 0.53%
Threshold, resolution, and calibration 1.0%
< Converter-to-detector distance 0.54%
o 3800 By, = 01330 + "-{'M'Bf;l'ﬂ Beam offset 0.71%
E A ] A Simulation statistical precision 0.2%
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New weakly-coupled Forces in Low-energy QCD

S. Tulin http://arxiv.org/abs/1404.4370

Lint = (%QB + EQQEJ@F}#QB,U - :E‘EAI:#EB;J
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Accurate constraints on U requires getting the L wt
hadronic physics right. R o o
Eg, the VMD has interference between B — B =T B AN\ —e—
the ¥ and G contributions. Wv—po\% M \
There are no significant interpretational E oy S0
ambiguities below 0.95 GeV/c2. :

(3co — %SH]FQ(?HQB) + (3cp + %sa)ﬂﬁ{m%)

co — 2v/2s,

[(n— By) 528 (4 m%\°
I'(p—=~Y)  Cem m;

One of the most interesting decay branches is

0 aBOemMp 2,23 2|2
[(B—my)= W(l —my/m%)” | Fu(mp))|

Considering both production and decay, the B signal is proportional to L2 hence gg*.


http://arxiv.org/abs/1404.4370
http://arxiv.org/abs/1404.4370

Proposed JEF Upgrade of FCAL

(installing a high resolution, lead tungstate insert into FCAL)

A 3 decay would provide stringent
constraints in the 140-550 MeV
range.

A TIndirectly sensitive to TeV-scale
physics: a positive signal would
imply a new fermion with a mass
up to a few TeV .

Lead tungstate has better energy resolution, and
there is less chance of shower merging because the
blocks and their Moliere radii are smaller.
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Direct B Production, Decaying to W%
lower mass region Mz = 200-600 MeV/c?
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An exclusive measurement is made of
g+ pA Wg+p
The small continuum background appears to

be dominated by 2U° (below) with a missing
photon.

4000 .“ Accidentals
subtracted &

3000 A
; + E(beam)>6 GeV
4

Counts /10 MeV

2000

- R

i N S e N
- 3
LA . . . .

o 08 1 185 =2 28 3 B35
. M(r01°) (GeV/c?)

- — Total Fit
4000~ ~ Background

O

Sy

Preliminary

' Looking for a bump

[\
=
j—
<

— 8.4 <E <9.05GeV
L~2pbt
Loose PID
Constraints:
P4, Vertex, m® Mas:

Candidates / 4 MeV/c¢?

N e ot SR il [ ——1
8.2 0.4 0.6 0.8 1
7'y Invariant Mass [GeV/c’]

2

The sensitivity depends in part on the resolution and
the reconstruction efficiency:

A A check on the resolution model for a hypothetical
B peak is provided by the SM OA W04 peak.

A The reconstruction efficiency is checked by

comparing to the known ratio for OA WP&/OA UU O
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Anot her Dar Kp Si1 de

TheB/ODA UU channel I's generally suppressed relative
isospin violating. However,the WU c hannel can be us dgdasbulinsbyGardtrer & o r
al. in http://arxiv.org/abs/1509.00050 .

Searching in the Dalitz plots of & % & \*U") will suppress SM background.

Direct Production

g+pA p+a°A p+orU) 6+pA p+BA p+UU
0.330.75+? (same channel as radiative decay being
GeV/c? explored by Mahmoud Kamel, A
mg ~ 0.3-0.75 GeV/c?) (For the B/Oy case, see red curves of
(0 A U Fig 3 of the MIT preprint.)

6+pA p+aA p+ory)
(mg ~ 0.3-0.5 GeV/c?)
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