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Introduction Peripheral reaction

Motivation and opportunities

Study meson spectrum through peripheral

resonance production
@ High-energy beam,

@ Pomeron/Reggeon t-channel exchange

dominates,

@ Recoil particle is kinematically decoupled

@ Analysis at COMPASS

o Large data sample with high purity

o Breit-Wigner fit of major waves is done

(see F.Krinner, B9 15:30)
o JPAC&COMPASS collaboration to

perform theoretically advanced analysis on
the complete data set

@ Opportunities at GlueX
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Introduction Unitarity

Constraints from fundamental principles

Unitarity
S=f4if, 38=1 = T-7 =T,

@ probability conservation,

@ hermitian analyticity allows continuation to the second sheet.
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Introduction Unitarity

Constraints from fundamental principles

Unitarity
S=f4if, 38=1 = T-7 =T,

@ probability conservation,

@ hermitian analyticity allows continuation to the second sheet.

Partial-wave decomposition
\S o JPCMe quantum numbers of system
Jre @ in case of three-body final state £ is isobar
3 . state with spin S
A = (final| T [initial) = Z FY PWIY (7)
JMLS
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@ probability conservation,

@ hermitian analyticity allows continuation to the second sheet.
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e JPCMe< quantum numbers of system
@ in case of three-body final state £ is isobar
state with spin S
A = (final| T [initial) = Z FY PWIY (7)
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Formalism Partial-wave decomposition

Constraints on the full amplitude

A= 3r| T |rP) = > R PW{Y(r)
JMLS
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Formalism Partial-wave decomposition

Constraints on the full amplitude

A= 3r| T |rP) = > R PW{Y(r)

JMLS
Unitarity condition for the full amplitude AA=i [ Ad® Tt

dsl P3(51, w ) LSL’S’(SI’W 51) L/S/(S{7W2)

w2FL5 (s1,w )—212/

L’'s’ 2

w— m.,.-
m7'l'
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Formalism Partial-wave decomposition

Constraints on the full amplitude

A= 3r| T |rP) = > R PW{Y(r)

JMLS
Unitarity condition for the full amplitude AA=i [ Ad® Tt

d51p3(511 2) LSL’S’(SI’W 51) L/S’(S{’W2)

WQFLS S1, W )—212/

L’'s’ 2

w— m.,.-
m7'l'

@ We use elastic approximation for 3, i.e. we neglect inelasticity.

@ Interaction can be considered for pairs (subsystems, isobars), i.e.
three-body forces are negligible.
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R T
Scattering amplitude

37 — 37 matrix form

T=@rTim= > T/ PW () PWL(+)
JMLSL'S’

Unitarity condition for rescattering amplitude AT =i/ Tdo Tt

- 2=

(w— mfr)
1" 2 IM 2 1 M " 2
A2 TLsus/(Sh w? y81) = 2’ dsy’ p3(sy’, w?) Tisign(s1, W, s1) Tirg g (s, w®, s1)
L”S” 2m7r)2
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R T
Scattering amplitude

37 — 37 matrix form

T=@nTpm= ) T PWE @) PWIL ()
JMLSL'S’

Unitarity condition for rescattering amplitude AT =i/ Tdo Tt

- 2=

(w— mfr)

1" 2 IM 2 1 M " 2
A,z TLSL’S’(Sh w?,s)) = 2’ / dsy’p3(s’, w?) Tigihsi(s1, w®, s1) Tidsiprsi (st w2, s1)
1151 2m7r)2

o The (77)-subsystems freely scatter to each other.
7 T T s T
T = <§7r| T |§/7T> , e.g. T = pPT—rp pr—h
Tf27r—)p7r Tf-27T—>f-27r

@ Unitarity equations are written in matrix form.
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Formalism Parametrization

K-matrix approach

K
1-ipK

where i is a diagonal matrix of loop integrals (Chew-Mandelstam).

T =K+ KI[ip| K+ K[ip| K[ip] K[ip] K + ...

o K-matrix parametrization of T satisfies unitarity by construction.

@ The approach takes into account rescattering through K-potential
(resonances).

o Fit K-matrix parameters to data and extract resonance information

&g non
KU(S):Z 2 +Z’Yij5

rmr_s n
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Formalism Parametrization

Production process

Long-range(only LHC) and Short-range production amplitudes.

e Consider m + P — (77) 7 scattering via t-exchanges.
@ Interaction range is determined by the mass of the exchange particle

@ Pion is lightest exchange particle with range ~ 1fm.
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Formalism Parametrization

Unitarized model [Basdevant, Berger, 1967]

Everything which is produced is supposed to scatter

e e

@ Production process via an exchange does not satisfy probability
conservation.

@ Rescattering (Unitarisation) term has to be added.

@ In the limit of short range the production amplitude is approximated
by a constant ¢;s.

@ Amplitude has correct threshold behavior due to factors C;s.

Frs(w?) = bis(w?) + Cus(w?) Tisprs (W) eprs +

T I/W g/ b//S Crrar(s’
+CLS( LSLS )/pLS SL,S_(W2) LS( ) ds’
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Analytic structure

General note

@ We consider the amplitude as complex
function of invariant mass squared w?
and explore the structure.

@ The physical region is A(s + ie)
Imaginary part of Breit-Wigner amplitude on the complex plane

Sheet | Sheet Il
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Quasi-two-body approximation

In stable-isobar limit, phase space is 2-body: p; ~ /(s — s;)/s
Decaying isobar introduces w7~ scattering amplitude (s)
Phase-space factor changes to quasi-two-body phase-space factor
Affects how we continue to unphysical sheets, isobar cut (“Woolly”
cut) introduced in the complex plane.

(\/E—mﬁ)2 , , ,
pQuasi(S) ~ / ds plsobarfﬂ(s )lm f(S )

2
4mZ

Sheet 1&II Sheet 1&II
two-body system quasi-two-body system

. 2.0
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Application to COMPASS data COMPASS PWA

3m at COMPASS

Step 1: mass-independent analysis

@ The largest data set (50 x 10° events) on diffractively produced 37

systems.

@ High-energy beam guaranties peripheral reaction /s =~ 19 GeV.
@ many resonances are seen in the raw spectrum.

. x10°

S ol (1320

3 1260

2 @{1260),

o0

< 03f

g

a ot 7,(1670)
O.Zj J*2
0.1

L fnflnnnnilnnnnflnnnn

05 1 15 2 25

my, [GeV/c?]
[ C. Adolph et al. [COMPASS Collaboration], arXiv:1509.00992]

M.Mikhasenko (HISKP, Bonn)

37 resonance poles September 1°¢, 2016

12 /18



31 at COMPASS

Step 1: mass-independent analysis

@ The largest data set (50 x 10° events) on diffractively produced 37

systems.

@ High-energy beam guaranties peripheral reaction /s =~ 19 GeV.
@ many resonances are seen in the raw spectrum.

. x10°

L (1320

< o4 %1320

> 1260

2 @{1260),

vy

I 03F

2

2

A ool 7,(1670)

!

05— 1 s

2 25
my, [GeV/c?]

COMPASS 37 PWA:

@ 7w ntx~ final state,
may < 2.5GeV, 0.1 < t' < 1GeV?,

@ Independent PWA in M3, x t’ bins
(100 x 11 bins),

@ 7T m -resonances:

f0(500), p, ©5(980), £, p3(1670).

@ PWA model consists of 88 waves
JPC =0 F 1+ 17+ 2+ 2=+ .

[ C. Adolph et al. [COMPASS Collaboration], arXiv:1509.00992]
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LT IIETI R NGOl VIRV ICEIEI COMPASS PWA

Partial waves in the 2= sector

Partial wave
b S
b D
prm P
pm F

(mm)s D
forr D
p3m P
hr G
2—+1+
pr P
b S
pr F
(mm)s D
p3m P
fhw D
2—+o+F
pm P
oS
hm D
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Application to COMPASS data COMPASS PWA

Partial waves in the 2~ sector

Partial wave ~ 108 20" £1270) 7§ A 10° 270" £,(1270) 7 D
# ';3 6.7%  0.100 < ' < 1.000 (CveV/C)2 N§ 09% 0.100 < ¢' < 1.000 (GeV/c)2
270 > S
Hr S g 03F § 40 .
for D 3
pm P § 02f g
=
o F k- B ol
(mm)s D 01
forr D E
pam P g5 33 N S T R ST
hr G my,, [GeVic2] my, [GeV/c2]
>—F1+ «10° 270" p(770) T F
T L 80229 0.100<r <1.000 GeV/cy
. ) 2 ]
HhrS @ intensity peak for 2 "
pr F fom S- and ™ D-waves S: | ]
(7m)s D appear at different E o [
psm P laces =
fhw D P »
2 "2F @ pm F-wave shows two _
T P et | 1
? S separated peaks 83 1 15 2 25
27 my, [GeV/c?]
hm D
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Application to COMPASS data Fit with unitarized model

Fit of all t’ slices

Description

Simultaneous fit of 5 intensities & 4 phases in 11 t’-bins

T e e

@ T matrix has 5 channels, 4 poles. It does not depend on t'.
© Production includes short- and long-range processes.
@ A new set of parameters for every t’ is used.

Residual for convergent fits

#its

Fit
@ 145 independent parameters. :
@ 12 steps fit. MC sampling of starting j
values. i3
20 O O W1
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Fit

Application to COMPASS data

over all t’ slices

Fit with unitarized model

ma, (GeV/c?)

S AL L A
e = 1 -2
o e
P = i /2

' T

%\ ]Il r”I i{/ +102
g i “' ‘\ 1'.‘\""‘7~
g .0
>
‘a
g
E

0100 <t < 0.113 (GeV/c)?

TTp — TTTCp (COMPASS 2008)

Mass-independent fit
Unitarized model
K-matrix components
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Fit

Application to COMPASS data

over all t’ slices

Fit with unitarized model

ma, (GeV/c?)

L, ZOtms o FOLWD o 20eme o 20pmE o ZOmD

. = Y ol

E e i vl e
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g = - /' ;1[0" 'w N\ ]' ‘W\f
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0113 <t <0.127 (GeV/c)?

TTp — TTTCp (COMPASS 2008)

Mass-independent fit
Unitarized model
K-matrix components
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Application to COMPASS data Fit with unitarized model

Fit over all t’ slices

ma, (GeV/c?)
2*0'f, S 270" f, D 2*0" pmP 270" pF ) 270" (m) D
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K-matrix components N Y :

M.Mikhasenko (HISKP, Bonn) 37 resonance poles September 1%, 2016 15 / 18



Application to COMPASS data Fit with unitarized model

Fit over all t’ slices

ma, (GeV/c?)
2*0'f, S 270" f, D 2*0" pmP 270" pF 270" (m) D
. prm =
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Fit

20 f,mS

Intensity / (20 MeV)

Application to COMPASS data

over all t’ slices

Fit with unitarized model

GeV/c?
T L T . o
: Ty T i i
| " . = <
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TR e e w2 gy T +1tf B +T02
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0164 <t < 0.189 (GeV/c)?

T(p ~ TCTCTTp (COMPASS 2008)
Mass-independent fit

Unitarized model

K-matrix components
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Application to COMPASS data Fit with unitarized model

Fit over all t’ slices

2*0'f, S 270" f, D 2*0" pmP 270" pF 270" (m) D

20 f,mS
H

Relative phases (rad)

Intensity / (20 MeV)

0189 <t < 0.220 (GeV/c)?

T(p ~ TCTCTTp (COMPASS 2008)
Mass-independent fit

Unitarized model

K-matrix components
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Application to COMPASS data Fit with unitarized model
Fit Il ¢ sli
IT OVEr a slices
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Mass-independent fit
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K-matrix components
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Application to COMPASS data Fit with unitarized model

Fit over all t’ slices

ma, (GeV/c?)
2*0'f, S 270" f, D 2*0" pmP 270" pF ) 270" (m) D
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Application to COMPASS data

Fit over all t’ slices

Fit with unitarized model

ma, (GeV/c?)
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Application to COMPASS data

Fit over all t’ sli

Ces

Fit with unitarized model

ma, (GeV/c?)
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Application to COMPASS data

Fit over all t’ slices

20, S

2°0"f, D

Fit with unitarized model

N Rl A N A L

b

Relative phases (rad)

Intensity / (20 MeV)

0.724 <t < 1,000 (GeV/c)?

T(p ~ TCTCTTp (COMPASS 2008)
Mass-independent fit

Unitarized model

K-matrix components
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Application to COMPASS data Fit with unitarized model

2~ resonances

poles on the second sheet

search for zeros, log(abs( det[T;‘II K])) is plotted

< 1.5
E —
e L
1=
E //\
0.5 /
of- @ —\@
- ////ki‘\\\\
o5 Second sheet is under investigation
i @ How the picture depends on parametrization?
_qf @ How many poles are there?
§ o What are the poles positions (m — i[/2)??
715~| N 1 T T Y T 1 T T T Ny T S T S ¢ SN T S N Y J W |
25 3 35 4 45
Relw?
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Future developments for COMPASS Analysis

[COMPASS Collaboration],

Many IdeaS to COntinueZ Phyi.l(?ev. Lett. 115, 082001 (2015)
. . T B0 170" £(980) 7 P
@ Extend 5-waves-fit to available data for 3 01 << L0Gevief
1€ 2n oiicane
2~ sector, extract pole positions 8 RS
. Z s
o Apply the formalism to other JPCM¢ £ e
sectors of 3w data. Several interesting cases = ' Y
(1
along the way: 5 N
3)
o 17T sector: oberfded ) S Sy
1 12 14 16 18 2 22

e a1(1260) and a;(1420), [COMPASS Collaboration], "= [GeV/e’]
L . . . . AIP Conf. Proc. 1735, 020007 (2016)
o K”K inelasticity and triangle singularity

3

. x10 COMPASS 20034(1!';74-(37[)’1))
[MM et al., Phys. Rev. D 91, no. 9, 094015 (2015)] ERl TR ERR
. = 100 <t' < 1.000 GeV/c?
o 17T sector: exotics. $w Pty ncoherent sum)
2 by reliminary
. . . z gt '
@ make 37 scattering amplitudes available for %= N :
= B+
use in other experiments, MC generators » )
@ Analysis of peripheral nm/n'm production SN
on the COMPASS data is in progress K v s TTRTRIRI I
06 08 1 12 14 16 1.8 2 »

22 24
me,,- (GeVic?)
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Summary and Outlook

Summary

@ A new approach to study peripheral production and scattering
dynamics has been developed.
e quasi-two-body approximation for three-body final state,
e the amplitude satisfies the principle of unitarity,
o the model is based on theoretical achievement of last 40 years.
e.g. Ascoli et al., Basdevant-Berger, Griss-Fox, and other well-known work.
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Summary and Outlook

Summary

@ A new approach to study peripheral production and scattering
dynamics has been developed.
e quasi-two-body approximation for three-body final state,
e the amplitude satisfies the principle of unitarity,
o the model is based on theoretical achievement of last 40 years.
e.g. Ascoli et al., Basdevant-Berger, Griss-Fox, and other well-known work.

o Excellent 37 data from COMPASS experiment allow us to shine new
light to many open questions in spectroscopy.
o Fit to JPCMe = 2-T0T COMPASS 37 data has been performed.

e Main features of the data are reproduced by the fit.
e Continuation to the pole region is done, studies on stability and
systematics are in progress.
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