JPAC Update

 JPAC Review
 Update on current projects

e New Collaborations

« L HCb, BESIII,
PARTONS project...

e Planned activities;:

e 2017 Gribov Lectures
Summer School, FDHS
2017,...
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Products

* > 40 Research Papers

e >120 Invited Talks and Seminars

* Several Reaction/Reference Web Pages (include
summer school + database)

» ~O(10) Ongoing Analyses

1 Summer School on Reaction Theory (1U,2015),
1 Workshop (Future Directions in Hadron
Spectroscopy, (JLab, 2014)
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Particle

1 /:: Theory Center

e Home
¢ [ndiana Univ. JPAC Site
e EBAC (upto 2012)

hngsipac fab.ony/
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Joint Physics Analysis Center (JPAC)

The Joint Physics Analysis Center (JPAC) was set up in October
2013 between Indiana University (IU) and the Thomas Jefferson
National Laboratory (JLab).

Decays
n 3w

Method: Amplitudes parametrized with dispersion relations.
Status: Published in [Guo15a]

Material: Available on the n .31 page

Contact person: Peng Guo

w,$ 3w, wy*

Method: Amplitudes parametrized with dispersion relations.
Status: Published in [Dan14a]

Material: Available on the w .31 page

Contact person: |gor Danilkin

Jipgy 3w

Status: Published in [Szc14a] .
Material: Available upon request.
Contact person: Adam Szczepaniak

Single Meson Production
NN

Method: Finite energy sum rules between resonance and Regge
regions.

Status: Finished.

Material: Available upon request.

Contact person: Vincent Mathieu

Page 1 of2

Method: Amplitudes parametrized with the Veneziano dual model.

2hysics on the Cloud

1027716, 12218 PM
KN —-KN

Method: Finite energy sum rules between resonance and Regge
regions.

Status: Under development.

Material: Under development.

Contact person: Cesar Fernandez-Ramirez

y N -1 ON

Method: Amplitudes parametrized with Regge poles.
Status: Published in [Mat15a]..

Material: Available on the y p—11 Op page

Contact person: Vincent Mathieu

Double Meson Production
YN K +K =N

Method: Amplitudes in the double Regge region parametrized with
dual B 5 model.

Status: Published in [Shi14a].

Material: Available upon request.

Contact person: Meng Shi

mN—-mTnN

Method: Finite energy sum rules between resonance and Regge
regions.

Status: Under development.

Material: Under development.

Contact person: Vincent Mathieu




National Science
Foundation

This project 1s supported by NSF

= J/Yp

This section follows closely our publication in Ref, [Blinl6a) .
See this publication for more detailed information and references.

RN %
Y

Formalism

The two processes contnbuting to 4p — J/¢bp are shown in the figure. The top diagram
represents the direct production of the P.(4450) resonance. The bomom diagram represent the
background. The nonresonant background is expected to be dominated by the ¢-channel Pomeron

exchange, and we saturate the s-channel by the P.(4450) resonance. In the following we consider Y J/¢
only the most favored JF = 3/2 and 5/2° spin-parity assignments for the resonance. We adopt P
the usual normalization conventions, and express the differential cross section i terms of the
belicity amplitudes (AgA, |T2] Asp) P v
do dma py 1 2 2
T = Lo Awdy (TIA M) (A
deos  32xs p; 4 A,

Here, p, and py e the incoming and outgoing center-of-mass frame momenta, respectively, § is the center-of-mass scatter
angle, and W = ‘/; is the total energy in the center-of-mass . Note that the electric charge /4o 15 explicitly factored out fn
the matrix element. The contribution of the P.(4450) resonance is parametrized using the Breit-Wigner ansatz,

(AeAy [Taeel Ae) O [ Teal AsAs) (A

(MeAp | Te| AsAp) = M2 -W?-ilLM

The numerator is given by the product of photo-excitation and hadronic decay helicity amplitudes. The measured width is narrow
enough to be approximated by a constant, [, = (39 & 24) MeV. The angular momentum conservation restricts the sum over ),
the spin projection along the beam direction in the center of mass frame, to ), = \, — ,\'.Thehnonjchclicityanq)limdcrm.

which represents the decay of the resonance of spin J to the J /1 state, is given by

edy [Tawl M) = gy df ,y (c088),

where q
Ag = +1,0), the other three being related by parity. For simplicity, we assume all these couplings to be equal, i<. 9
helicity amplirndes and the partial decay width [, are related by

are the helicity couplings between the resonance and the final state. There are three independent couplings Ay = %
oAy

(A3)

= g.The

Kinematics:
Beam epergy sicaring in MeV: 00

Parameters of the background (Pemeron exchange):

A (dimeasionless) 0156 8 inGeV? 1638 2 byinGeV-? 1o
ap (dimensicaless) 1.151 o mGeV-? o112 -
Parameters of the direct production:

Spinof the F,(4450): - 3/2 5/2*

Photocoupling ratio: ry 4 071 ]

By, (dimensionless) o29 M, nGeV aas I, inGeV oe0

Observable:
Dt =0) O awm(B) O L(s= M?)

aF,
B for ﬁ(t’ = 0) =220

Results

Simulations parameters:

Pomeron: A =0.156 ; st = 16,8 GeV2 ; b0 = 1.01 GeV-2; alpha0 = 1,151 ; alpha = 0.112 GeV-2
Pentaquark: spin = V2 | BR =029  Mr=4.45GeV Gr=0039 GeV ;rl/2=071;

Smearing = 0.0 MeV

The observable is the differential cross section in the forward direction up to Emax = 22 .0 GeV.
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Dowuload the output file and the plot
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PARTONS (PARtonic Tomography Of Nucleon Software)

B. Berthou (Irfu), D. Binosi(ECT*), N. Chouika (Irfu), L. Colaneri (IPNO/U.Conn.), M. Guidal (IPNO), K. Joo
(U. Conn), P. Lafitte (ECP), C. Mezrag (Argonne), H. Moutarde (Irfu), F. Sabatie (Irfu), P. Sznajder (IPNO),
P. Rodriguez Quintero (UHU), J. Wagner (NCBJ Warsaw)

00°
0.0 o

ARGE DISTANCE SMALL DISTANCE

CONTRIBUTION CONTRIBUTION FULL PROCECss
GPD at pg # pe™ DVCS DVCS
/" \ evolution ) )
TCS HEMP TCS HEMP
GPD at pg"®
First principles anq Computation of amplitudes Experimental data and
fundamental properties phenomenology

Tasks and challenges:

= Physical models = Many observables m Accuracy and speed

m Perturbative approximations = Numerical methods m Fits

5/19 P.Sznajder in Various Phases of QCD (2016)



JPAC Review (May 3-4/2016)

 Committee members:
Abhay Deshpande, Curtis Meyer, Stephan Paul,
Jonathan Rosner, Stephen Sharpe & Eric Swanson

* Charge:
“... solicit your opinion on the scope and quality of
the work pertormed under the JPAC umbrella, its
relevance and importance to the JLab physics
program, as well as to the wider hadron community,
and your advice on research directions for the
future.”

* Report:
Very positive, recommend continuing funding/

support
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Future analyses for
hadron spectroscopy

 Complete development of 2-to-2
reactions, establish factorization
(and corrections to) of beam- exchanged

. particle
target fragmentation Foroe”

‘Ifastl!

target

(CLAS12, GLueX, COMPASS)

“SIOW”

e 3 (and more) particle decays

of heavy sources

heavy
source

(BESIII, Babar, LHCb)
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0
Omega nucleon non-flip A7 (w)

0
AZ (w) has a zero ————» dips in

LSE
10}
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0.6 0.8 1.0

It] (GeV?)
Omega and Rho nucleon non-flip cancel in eta photoproduction

Rho nucleon flip dominate

Ai(p)

finite

dominates neutral pion photoproduction

do
—  and ),
dt
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In preparation
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GlueX collaboration, in preparation
M. Shepherd talk @DNP2016 Vancouver

Yp — np
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P:(4450) in J/Y photo production

Upper bound for partial
decay width!

Jr
Jr

=5/2 =8—-17%

Also angular distribu-
tions and photocouplings
studied.
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—3/2 = 23 —30%

% J/d;‘ll ”\{VVWW\ o o —‘]—/—ﬂ;
; P

/ P.(4450) zx , )

LHCb Collaboration, PRL 115, 072001 (2015)
Fit to data! W from threshold
to ~ 300 GeV.
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Astrd Blin, et al. (JPAC), Phys.Rev. D94 (2016), 034002



Resonances vs Backgrounds

(Exotic) resonance
production Regge

—>7< exchange

exchanged
particle
“Force”
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l‘fast”

‘Ifastl!

exchanged
particle
“Force”

target
“SIOW”

heavy
source




Finite Energy Sum Rules (FESR’s) first time to be
_applied in analysis of 2-to-3 reactions!

T
forward-backward asymmetry due to P wave !
n 1 ¢ fwd n
0.8 F N — ——=-n
0.6 F
- 0.4 z— if O~T1
s o Fe
2 09 f e ST
o V.2 b
~eaz/m L7 reaE COMPASS fwd T T
-0.8 - M e (2010) | m—
N -1 B TR s 5 9 Pomeron y +f;
n {9 @ 5% 5 58 4 4%
P m(nm~) [GeV/c?] P - —=-n

N

Magnitude of the P wave (exotic resonance) at low n rt mass is
related by FESR to Regge exchanges at high n rtinvariant mass

V.Pauk, in preparation

A
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77T Production

I"™M (s) = p(s)|a”™ (s, tavg)|?
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A.Jakura, C.F.Ramirez in preparation



Pole Extraction - K-matrix vs. CDD poles

* Need reliable ts
parameterizations to extract
resonance parameters
 Models must satisfty unitarity Sth
conditions y
* |[n addition, resonance pole
positions must be on Res
unphysical sheets
p— S) = S)— — S
mt(s) = p(s)|t(s)] = s
2 .
K(S) — Z Ir | Z Vi 8 No obvious constraints
m2 — s J on parameters
r r J
1 —~ Oy f Ch,Cy > 0, then NO
o — S _ 1+ Y2 ; en
K (S) = Co — (s Cg — g poles on first sheet!
r=1
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Fit over all t’ slices
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15/19 M.Mikashenko, in preparation

Relative phases (rad)



z (3900)

Jp Y Scattering matrix, can (or not) have the Z, pole
\ .
Pi(8)bo,j
s —s x
o Channel 2 Cross channel exchanges contain log. branching poin
" Case 1: Breit-Wigner-like singularity, y?/DOF = 641/533 .25 GaV
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8

: ’ Case 2: virtual state singularity, y?/DOF = 665/533 /s = 4.26 GeV
100+
S w0 | | 3
g . | = g
- Hi '
3 '3 + __4_ [T
20— - T ) : '“’{
- 4 ; e %1_-%#":1 JUL“
%2 .3.3. . 3l4 315 - l3?6I - l3!7l - l3!8I 38 . : » . X ‘ l l 4.60 o 4.05'- 410
m{J/y xt) (GeV) m(DD") (GeV)
120
F | Case 3: triangle singularity only, y?/DOF = 694 /533 FERA26Cey
3 | H ar
S r ) | S o0
2 60 i: lﬂ ) | uLf 2 T [l
s I u L 4%”1”1 ' U a L g Lo
DAY Al [ ljfﬂ M s | Jirlf EH
”;‘ J *fﬂT ' { lﬁ@t | :% LL |l IJ“
%lhd 14 W PP PR AT ln:u_L L TﬂH‘ -|
2 3.4 35 36 37 3.8 39 4.10

m{Jiy ) (GeV) | ~ - m(DD* )(GeV)

No strong conclusion can be driven yet, but we are establishing the method to use
- when higher statistics will be available
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Pole position

Case 1: Breit-Wigner-like singularity Case 2: virtual state singularity
oy -0.2_ 16
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Other activities

In talks with PARTON's project (Pawel Sznajder et
al.)

Amplitude analysis for baryon (CLAS12)
spectroscopy program (with Victor M. and Dan C.)
Affiliated memberships : LHCb (approved) BESII!
(in discussions)

Summer School on Reaction Theory (June, 2017)
FDHS Workshop (Sept., 2017 Mexico City)

Work days (2-3 planed for 2017)



COMPASS 7® N — T TN

JPAC working with COMPASS
on modeling amplitudes for
mass-independent fits

 Model emphasizes production
process and unitarity

« Use isobar assumption in two pions (7~ ") — p(770), f2(1270), ...
 Amplitude factorization

7P — (m—n)n~ Vertex

A=AN - PN)A(n™P = Ign )A(Is — 7~ 7")

N — PN Vertex / Isobar Decay
* Production Model: Pi-exchange \\/

* Project amplitude to partial
waves and use production model !
as input -> Fit parameters in

rescattering amplitude MN\ :




COMPASS 7® N — T TN

* Model for partial wave amplitudes FZ(S)

Fi(s) = bi(s) + Ztij(S)Cj + % th‘j(s) /OO g5 P30 ()

s’ — s

o - I et et

* Compare intensity distributions of our | _ | 2
amplitude to COMPASS Ii(s) = /dq)?) Fi(s)]

* Currently performing full analysis on high
event channels

for S — wave fam D — wave
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