New results on hadron
spectroscopy from JPAC

Adam Szczepaniak, Indiana University/Jefferson Lab
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Joint Physics Analysis Center

-JPAC: theory, phenomenology and analysis
tools in support of experimental data from
JLab12 and other accelerator laboratories.

-Contribute to education of new generation
of practitioners in physics of strong
Interactions.

-In this talk : JPAC’s role in spectroscopy
analysis and some “exotic” physics
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Identifying resonances

/’

* Experimental or lattice signatures
(real axis data: cross section bump
and dips, energy levels)

Events / (5 MeV/c?)

<
9

Reaction amplitudes

* Theoretical signatures (complex
plane singularities: poles, cusps)

Microscopic Models

"----...._...-..1..>

* What is the interpretation
(constituent quarks, molecules, ...) ?

w INDIANA UNIVERSITY efferson Lab

e
~

<
w

0.1

x10°

!

\
\

I a,(1260)

\Q
/
/

a,(1320)

||||||||||||||||||

0

| sheet
- LT
; R AIRRR 2
. = K
‘ ) ‘ '

Hybrids

S (BTFO) - eeeesseceseooee-oo-o--oooo DD

Tetraquarks



Signatures of new, unusual light resonances

25;“(0‘; — o * High precision PWA of 3pi diffractive association
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* At low-t exotic wave production compatible with one pion exchange

ap — a-a~x*p (COMPASS 2008)

ms, [GeV/c?]

xp — a a-a p (COMPASS 2008)
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Signatures of unusual heavy quark resonances
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Spectroscopy from peripheral production

forward calorimeter

 Need to establish
factorization between

CEBAF (Exotic) resonance

pecepance beam and target T cies
fragmentation
(Regge factorization) 4

 Single Regge pole
exchange dominate exchanged

_ j/? over cut other e

100 em \ orce

= singularities (cuts, target
daughters) ="

“fast”

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter
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Global Regge analysis

» Test Regge pole hypothesis and — 9 o
estimate corrections (daughters, R g | rapidity gap
CUtS) targ—e'[’— ” __ ":;low"

 Factorizable Regge pole exchange

1 ’ 1 ’
-2, v 3lu—p'| 142, zlu+p|
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Fe(s,t)
(6 SU(3) couplings, 1 mixing angle, 2 exp. slopes )
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Global Regge pole analysis

== 15.0 GeV == 325 GeV 64.4 GeV
105 - 20.0 GeV == 40.0 GeV 100.7 GeV
20.8 GeV 40.8 GeV == 150.2 GeV
25.0 GeV 48.0 GeV 199.3 GeV
== 30.0 GeV
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Beam asymmetry: measurement of the exchange process

s _IL7O_lot w|? — |b+ h|? H. Al Ghoul et al. [GlueX]
o+ o N lp+wl|? + |b+ h|? Phys. Rev. C95 (2017) no.4, 042201
+V. Mathieu, J. Nys [JPAC]

W AT l l l l l l l 1 i e e e
- (@ . = (b) > .
12 — 1.2 YP — P7n =
1: . - 1:~-'E-§j-~--r+j + R ENEN—
s — - -
;m A# N 0.8 [ : -=Laget[5,6] -
o8 | * 3 - “,  —JPACI7,81 -
- - 0.6f Donnachie [91 ]
061 = 04 2 i e Goldstein [4] -
0.4 - 0_2::— -
- ¢ GlueX 8.4<E <9.0 GeV . oE -
02 E= = - m
- ¢ SLAC E=10GeV : . 02F E
0—1 ca by e bvv v byva byv o bvn o ban o bav o be v a gy o] — . —
0 0_2 0_4 0_6 0_8 1 1 _2 1 _4 1 _6 1 _8 2 _0_4 P EFE A BT BT AN A BN AT BN S AT A AR AT BT T BT R BT

- [(GeV/C)Z_ 0O 02 04 06 08 1 12 14 16 18 22

-t [(GeV/c)]

 Possible tension between GlueX and SLAC data ?
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Finite Energy Sum Rules

+— Wy ¥ i
P i
nN N N =N
A
» No kinematic singularities
Y L * No kinematic zeros
EN v « Discontinuities:
N g « Unitarity cut
//=\ « Nucleon pole
4
A/\’:A)\ (St) I) (ZA s, t A[A) U)\(]))
N Aa(t)—}-k
Im A (v, t)v dr =
0
A
alt) + k y
Bi(t) = Na@FE | Im A;(v,t)v dv
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Finite Energy Sum Rules

[V. Mathieu, J.Nys. et al. (JPAC) 1708.07779 (2017)]
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Combine energy regimes

e Low-energy model ((SAID, MAID, Bonn-
Gatchina, Julich-Bonn,...)

e Predict high-energy observables

Two applications
e Understand high-energy dynamics
e C(Constraining low-energy models
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Constraining the resonance spectrum

[J.Nys et al., PRD95 (2017) 034014]
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Ambiguities in the low-energy model (n-MAID) ~ 0205

— Mismatch with high-energy data E .

Possibilities 3 00s].
e Low-energy model inconsistent 3

e (Cut-off not high enough ool

o High mass resonances!
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n/n’ asymmetry probes coupling to strangness

1.010 -
1.005 -

~|p+wto| — b+ ht+R|
|p+wto| + b+ hth|

#2(n') :

()
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04 06 0.8 1.0

-t (GeV?)

Based on the FESR for n:
predict beam asymmetry for n’
e Same exchanges

e Natural exchanges (p,m) dominant
o Couplings from radiative decays
o Mixing angle cancels in ratio
e Unknown behavior of
o ¢ exchange
o unnatural exchanges (b,h)

Prediction: = same beam asymmetry

.

V.Mathieu et al. (JPAC) Phys. Lett. B774, 362 (2017)
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Asymmetry T
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photoproduction

------- B.G Yu (Korea Aerospace U.), arxiv:1611.09629v5 (16 GeV)
J. Nys () PAC), arxiv: 1710.09394v1 (8.5 GeV)

-+ 7% norm.
11— ~ : ;nccr ainty
i Preliminary sk P> a2
— A+ T
05 Yp —om A : * + |
- (~8.5GeV)

Natural exchange
favored (e.g. p, a,)

J.Zarling (GlueX): preliminary

Unnatural exchange favored (e.g. )

| | | 1 | | | | 1 I 1 | J | 1 ‘

0 0.2 0.4 0.6 0.8 1 1.2
-t (GeV*2)

J

Comparison to GlueX data
e Confirmation of interference pattern
e High -t: natural, low -t: unnatural
e Mismatch: oddly behaved 1t exchange
o 0Ongoing analysis
o Experimental or theoretical?

e Stringent test of one-

pion-exchnage production

e Possible to make

parameter-free
predictions

J.Nys et al. (JPAC) Phys.Lett. B779, 77 (2018)

Sap S 2 (;(‘\’

tukasz Bibrzycki et al. (Cracow,JPAC)



Vector meson production

e Pomeron dominates at high energies

e |soscalar exchanges dominantly helicity non-flip
(A=A")

e Unnatural exchanges: only helicity flip (|A-A’|=1)
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- 2 : E
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RSl ] N
ool el P2 S 1
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| st S | ' N1,
B 1R ST SRS S Pl—lzg(pl—lipll)'
0. O O 2 0 4 0.6 O 8 O 0.2 0.4 0.6 08 0 02 0.4 0.6 0.8
—t (GeV?) —t (GeV?) ~t (GeV?)

V.Mathieu, et al. (JPAC) Phys.Rev. D97, 094003 (2018)
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A.Jackura et al. (JPAC/COMPASS) Phys.Lett.
B779, 464 (2018) As 3€mg — 2’/32( ) ( )afme( )

0l

Production(sm) x Interactions in nm (sm)
a‘-’me — ffmg( )te(s)
fime(5) = ) an Ta(w(s)) to(s) = N(s)/D(s) D(s)=DOs) > / dsfp IN()

(s’ —s)

Constrained by unitary

n=0 C
D°%(s) = a— bs — Z .
D-wave 7= p — nmp — S, — S
140 5103 I — T T = 4 T T T T T T T 400
120 3 Sheet | —' 300
i | 2 | 4 Ed 200
100 | - 1+ 92 35 - 4 100
£ 80t 1 é 0 F L] o
= 1 kb o
£ 60| . . . 2.0 1 100
— 2 L = -200
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w INDIANA UNIVERSITY efferson Lab




T p—nT P

1500} T .. :
S T D, 1 | E852
1000 1 .
E‘: [ 1 | i T
o | 1 - v’
S 500 I+h ;o T ;
0 i T | ’ ~
e X | — ‘
é |:|_..|....|..-|-.'|'_.....J:-..|....|-|_...'|'.'|'_ ‘77
m 15 20 25 1.5 20 25 p
M (') (GeVic?
{T‘ITE:I' [- evic IJ b - - \i
COMPASS
C\l. N
< 5000 ||| N
S 4000 1 ¢
2> || | >
g 3000k ' | 2
~ 2000 | ’ ~
s , | 52
= 1000f | H z
1.2 1.6 2 2.4 2.8 1.2 1.6 2 2.4 2.8
m(n'm7) [GeV/c?] m(n'm7) [GeV/c?]

w INDIANA UNIVERSITY eff son Lab




Width (GeV)
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P-D interference 20
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P-waave
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Exotic physics: P at JLAB

Confirmation possible thorough photoproduction
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. A. Hiller Blin et al.,
= = PRD94 (2010) 034002

If P, is confirmed, need to:
« Study the electromagnetic properties

« Look for the other members of the P,
multiplet

* Investigate its nature on the model of
A. Pilloni et al., Phys.Lett. B772 (2017) 200

NB: Arbitrary normalization for data

S.J. Brodsky, E. Chudakov , P. Hoyer, J.M. Laget
Phys.Lett. B498 (2001) 23-28
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(Very) exotic physics: constraining Lorentz symmetry violation

—

Uox S. UI (5.8 l§l"
Observer Transformation .
’ * Observer transformations do not affect
; g8 results.
U =U
T Q.7 U xS | . . .
voecs particle Transformation . * Particle transformation, e.g. rotation of
/ U / the experiment in the background filed
i S8 | ;, | produces a physical effect.
=U#U" (!)

_ DMl bAE DV
. . — > a; Wy y C Z‘1 L‘
There is a well defined SME Lsme = LGravity + Lsm + L1v eg M7 Vi Cur¥ '
(D.Colladay & V.A. Kostelecky, PRD55, 6760 (1997): PRD58, 1166002 (1998): PRD69, 105009 (2004))

Only a few constraints in the quark sector : use DIS, SDIS, Drell-Yan,

W o i [ e / de 3 1E) (6P T{ 0 2 (0)} 1P

f=u,d

k k'

K __ KV _
}x e = Y+ S T

p

The first estimate on the sidereal time dependent coefficients cr were obtained using HERA data: O(10-%)
(V.A.Kostelecky, E.Lunghi, A.Vieira, PLB729, 272 (2017))

Sensitivity studies for EIC are under way: N.Sherrill, A.Accardi, E.Lunghi.
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Impact 24

. > 40 Research Papers (Phys. Rev. Lett.,, Phys.Rev., Phys.Lett., Eur.J. Phys.)
. ~120 Invited Talks and Seminars

. 0(10) on going analyses

. Many projects, e.g.,

— 1nN — nnN A. Jackura et al., arXiv:1707.02848
— n, n beamasymmetry V. Mathieu et al., arXiv:1704.07684
—  Z/(3900) A. Pilloni et al., PLB772 (2017) 200
— Yyp—1np J. Nys et al., PRD95 (2017) 034014
— P_(4450) A. Hiller Blin et al., PRD94 (2016) 034002
- nomrn° P. Guo et al., PRD92 (2015) 054016, PLB (2017) 497
— N\(1405) C. Fernandez-Ramirez et al., PRD93 (2016) 074015
— KN — KN C. Fernandez-Ramirez et al., PRD93 (2016) 034029
— @nN —nN V. Mathieu et al., PRD92 (2015) 074004
— yp—n% V. Mathieu et al., PRD92 (2015) 074013
- W, - [. Danilkin et al., PRD91 (2015) 094029
— yp—K'Kp M. Shi et al., PRD91 (2015) 034007

. Collaboration between JPAC and experimental collaborations: co-authoring papers

—  GlueX, CLAS12, COMPASS, BaBar, Belle, BES
— KLOE, LHCDb in preparation
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JPAC 2018
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