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Lattice QCD: Mesons

Primary goal of GweXZ” experiment is to search for &
ultimately map out spectrum of light quark hybrid mesons.
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Low- & High-Energy Dynamics for
Meson Photoproduction
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Current Status: Begin by
understanding non-exotic
production mechanisms.

Type
Pseudoscalar
Pseudovector
Vector

atev Monastery, 9th-century Scalar

Tensor
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Jefferfon Lab i1 2018

Hall D
(GlueX)

Experimental
Halls A/B/C

e Accelerator: 2.2 GeV/pass

o Halls A,B,C: e~ 1-5 passes <11 GeV

e Hall D: e~ 5.5 passes 12 GeV = ~v-beam
o Runs 2017-2018: 5.5 passes 11.7 GeV
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/GuwXer Meson Spectroscopy in Photoproduction
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1, NUOVO CIMENTO VorL. XXXII, N

The Reaction ¥ + X" += + .\ at High Energies )

G. ZwElG

Model

with Regge-cut corrections

1o Maggio 1964

ML

v 00 e There were no b, mesons back to 1964.
7, « f . . . \
A, =%1 \L L7 e Regge cut amplitudes are incorporated into some models &
Lo are interpreted as re-scattering of on-shell meson-nucleon
® &b, amplitudes.
Exchanges e @-exchange is dominant in ©t° photproduction.
\ That is unigue case in meson photoproductions — single trajectory)
N N
A=F1/2 A=%£1/2
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Handbag Model

with twist-3 contribution

H.W. Huang & P. Kroll, Eur Phys J C 17, 423 (2000) '

(‘e Reaction is factorized into two parts: ;
e One quark from incoming & one from outgoing nucleon .
participate in hard sub-process, which is calculable using pQCD

e Soft part consists of all other partons that are spectators

\_ & can be described in terms of GPDs.
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2. Beam Asymmetry for ¥p — px
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=% Courtesy of Justin Stevens, 2017 —a?%

\ Courtesy of Zhenyu Zhang, 2017 1
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.g,ef_fzgon Lab

ﬂ;m &= 3, closes to unity.
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1_2:_2016 ?P _ Pﬁg GL% E Si~C measurements. é
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\Numerlcal studies reveal dominance of twist-3 contrlbutloj
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M. Kunkel et al,

Phys Rev C 98, 015207 (2018)
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2 Beam Asymmetry for ¥ =+ NP L 30 = 1'D

— ﬁFirst high-energy measurements. \
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= —i—jﬂf@C Fo— = —t——] e Dominated by vector-meson exchange.

ME. T I e Consistent with (E““é predictions.
E 7 }
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Yp — m(mrplor (- )p Ear[y Spectroscopy Opportunity

SLAC @16 GeV
° Depends on natural & — T

unnatural parity meson
contribution.

04 |- -

------- (16GeV) B.-G. Yu et al, Phys Lett B 769, 262 (2017)
JEE ©5Gev) J. Nys et al, Phys Lett B 779, 77 (2018)

b 7% norm

1 rtainzy | | '.
?p - At .o =18 |-
05 (~B.5 GeV) t

ASYMMETRY

. o4 DE I z
e More complicated t-dependence.
| g =oep ST (Gevre)
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Fp — w(mrtp)or(m—at)p
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K. Abe et al. Phys Rev Lett 53, 751 (1984)
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iﬁ 'ﬁl'!liﬂ 20(980) MASS e Structure of light scalar meson states is poorly understood.

VALUE [MeV) DOCUMENT 10 ,
980120 OUR ESTIMATE Mass determination very model dependent Input: FW? ,”—p - nﬂ-p @ 191 GeV/C
ag(980) WIDTH —
A. Jackura et al, Phys Lett B 779, 464 (2018)
VALUE (MeV) EVTS DOCUMENT 1D TECN  CHE COMMENT
50 to 100 OUR ESTIMATE Width determination very model dependent C. Adolph et al, Phys Lett B 740, 303 (2015)
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2. Beam Asymmetry for yp— a,(980)p

T p— nﬂ'ﬂn
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Courtesy of Stuart Fegan, 2018

* Model for a, was extend n° one to incorporate Regge cuts,
based on knowledge of i photoproduction.
e One can expect that Z for % is similar to X for a,,.

. .'l._ = =l . .
0.001 . ! o GWEXZ Dataare coming in a month or so.
F e Theoretical prediction is coming same time.

S — please stay tuned.
O 01 02 03 04 0305 06 07 08

-1 [G:ﬂ.f?) A. Donnachie & Yu. Kalashnikova, Phys Rev C 93, 025203 (2016)
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'Yp—)ﬂ)p w — 7t~ 7Y (e Spin density matrix elements:
measure transfer polarization from photon to

vector meson.
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4op— e Spin density matrix elements:
'Yp )(I)p ¢ —+ K"K measure transfer polarization from photon to
vector meson.
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e Consistent with s-channel helicity conservation.

e Production mechanism dominated by Pomeron exchange.
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P — pete”

e Preliminary cross sections measured for E, = 8.2-12 GeV
e Statistics: 2016+2017 data sample (70 %)

All beam energies (I) All beam energies 1/ Y
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e Other experiments at JefferSon Lab (clogﬁ & Hall C) have been
scheduled to near future to measure same process.
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e Multiquark correlations. =
S. Brodsky et al, Phys Let B 498, 23 (2001) © 1
e Gluon distributions in nucleon. - N SFOGSI{Y fitto Gluex data
- B T B g exchange
\_ D. Kharzeev et al, Eur Phys J C9, 459 (1999) I 2 e 3g exchange
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92 x !, a=129+0.3 GeV 2
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R
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Courtesy of Lubomir Pentchev, 2018
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("o Threshold J/y provides info on

e Multiquark correlations.
S. Brodsky et al. Phys Let B 498, 23 (2001)

e Gluon distributions in nucleon.
D. Kharzeev et al. Eur Phys J C9, 459 (1999)

\_

¢ At low energies photoprod amplitude is proportional
to matrix element of gluon part of trace of QCD
energy-momentum tensor evaluated over nucleon state;
this quantity arises from scale anomaly of QCD.

e Resulting contribution to photoprod amplitude is real !.
e Low-energy J/y photoprod data can thus be used

to extract fraction of nucleon's mass arising from
gluons, & corresponding spatial distribution.
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measured at 19 GeV

B.Gittelman et al, PRL 35 (1975)
t-slope a=1.254+ 0.2 GeV—2
horizontal error bar represents
the acceptance

Courtesy of Lubomir Pentchev, 2018
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RIS Pentaquark,

LHCb PRL, 115, 072001 (2d15) A} — K~ (J/¢p)

“ b _._4;::/{"5}”‘” @ No indications of A* — K~ p reflections to J/4p
M{EN}” @ PWA leads to two states for P — J/+p:

o M; = 4380 + 30,y = 205 + 90 MeV/c?

(b) ?&5}5 e Mo =4450+ 3., = 39+ 2[} MeV/c2
4P o\ g PC. /13— 3T 5-— -
ﬁh{dﬂ :} o J '(E -.2 )Dl’( ' D )Ur( 12 )
- (b) it LHce (4380}222
o A

] ]
38 u
; g G55 08 0k OF 018 D1 008 0 06 1 6% A0 H08 & 6 B 018 0F A 05 03
m G
e 1OV M(J/¥p) Ar A% Ae A™

Threshold of ¥:(2455)D*(2007) = 4462 MeV/c®>. The only mode detected J/v)p g

. Courtesy of Eugene Chudakov, 2018
9 9/24/2018
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Limit on Pentaquark Production

_E. 2_5 :I LI | LI | LU | L LI |é """ LI | I:
T 0s b o cune L%' 1 Fit: 2 + 3-gluon exchange
= . [ g Preliminary ]
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T 5 L TS e T ADMEY 310~ BR2 - 2 free parameters x</ndf = 0.8
% F o J™ binned as experiment .
175 | 4 Limit for P,(4450) I = 40 MeV
: 1 JZ25 model, assumptions:
> 1 o0(10.1) = 0.64 nb non-reson.
195 £ 1  nowide state P.(4380) added
- i JFC 1 BR| 10.1 £0.6 GeV (2 bins)
1 B — [JPAC | experiment | sepa-
- - nb nb | ration
075 L E o(stat)
U E : 3/2- [2.0% | 0.81 [0.58 £0.08 2.9
- . 5/2+10.7% | 0.810.58 +0.08 2.9
- ] Systematic to be addressed:
025 | - :
. ] ] e f and s-channel interference
G_||||||||||||||||||||||||||||||||||||||_ -VMDdeEIdEpendence
8 85 9 95 10 105 11 115 12

¢ [he wide state influence

EY GeV
Courtesy of Eugene Chudakov, 2018
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Y+p— P(445)+tp—J/Y+p

o 10F
[ GLue ;f‘f“&::
Zz -
=t :
- L ="
T - e e
< 30% syst. g 40 T
° 1 * e 2%
: —e— GlueX preliminary
B —a— SLAC TS
B —&— Comell 75
10_1 _f | | | | 'Pc|(4|4|50|) Il 1 | 1 1 1 f I:(lr'l:amlele‘wll Q{T:a T T T
8 10 12 14 16 18 20

' . , GeV
e No indication of [Rss&M pentaquark. - G . 3

R. Aaij et al. Phys Rev Lett 115, 072001 (2015) - Preliminary
_ While N 189416
e Pentaquark signal could present itself via
.. events
destructive interference between

resonance & background in
dominant partial wave.

Ai = BWi + NRi X exp(-i¢) ST R N TR T 'n'.'.' am = j
Courtesy of Lubomir Pentchey, 2018 |
Igor Strakovsky 29 #

CPHI, Yerevan, Armenia, September 2018



Igor Strakovsky 30

o0
|
o
N
S
(<))
Q2
£
[}
)
Q.
[}
(%]
i)
=3
<))
£
fw
<
c
©
>
[}
o
>
T
a
o

9/24/2018




+ K+ .
P rp—~> KTK (%) Bump Hunting
oo L CIQSH i “;W yp— K*K*x~(X) .
: | e Y, @ 2.75 — 4.75 GeV vp — KTK™ An
— n = : '#L-\'.,q T 180
= 2000 ' = r | —_——
u% 1500 — M1:1.3223 + 00D Eimf_ H
f o1:0.0067 + 0.0004 o120
E LT G o |
E 1000 o2: 0005 + 0.0011 WE | | "
M2: 658 + 01 -
: oo o ey
Eﬂ]w _ =-(1530) g (&(ELI | | |
. : o @ ] H L |
3 LA e e A
1]1 -II L1 |1|2| L1 |1|‘5|.| 1 |-I|I4|.| 1 |1|I5| L1 |-I IEI_I 1 s T 20: . . “Lmhﬂh.lidﬂilhll Illlli;-lililll | Jljnlllllljﬂl}l I||-|.|_||J|||J:_II;|r

MM(K*K*) (GeV/ic?)
L. Guo et al, Phys Rev C 76, 025208 (2007) ,(&).

K+

e GueXZ™  can reconstruct these multi-step reactions.
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e Searches in CLAS 12 by Very Strange Group.

CPHI, Yerevan, Armenia, September 2018

Courtesy of Ashley Ernst, 2018
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“Low intensity” program (GlueX 1), is
expected to be completed in 2018.

“High intensity” GlueX (GlueX Il with
DIRC), will begin subsequently.
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Summary

* GuweX&” experiment is commissioned & initial meson program
is well underway.

e Early measurements aimed at understanding
meson production mechanism through polarization observables.

e First observation of charm at threshold, potential limit on
pentaquark production.
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