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eConstraints and Examples

*1-t0-3 decay amplitude models

KT Equations

eCollaboration strategy



Why Amplitude Analysis

Experimen”
easurement Physics quantities: form

factors, resonance
parameters masses, etc.

Reaction
amplitudes

doMeasured = Detector
Acceptance ® dPS |AI?2




Amplitude construction

| | | o (not the same as based on a a
Axiomatic S-matrix principles: microscopic model/theory, e.g. unitary
diagrams vs Feynman diagrams)

{

eCrossing relations: ™ . A(s}) describes all
S processes related
_ “~_ by line reversal

eAnalyticity: Cuts determined by unitarity (i.e. in the physical

region, continuation is complicated, Mandelstam
representation known only for 4-point function)

Asymptotic behavior (A(s) < siO(log s)) )
Bound state poles

eRegge behavior: Analyticity of “the second kind” !

A

e(Global symmetries: EM, chiral, ...



o“All constraints are equal but some may be more
equal then other”

{

\ / if close to s-channel 7
singularities and far from t/u | S
S channel singularities (left hand 3
/ \ CUT)
~ finite

A(s,t) = U+ 1)fi(s)Pi(zs) = ) 2L+ 1) fi(s)Pi(zs)

[

(s-channel) Isobar model

— 4
(s — )R>~ = << 1

2
e

alternatively use t/u channel isobars
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e \When cross-channel channel singularities are all
nearby, there are no known amplitudes that satisty all S-

matrix constraints
(except perturbatively, e.g. chiral p.t.)

M(n,w,¢,---)%m—l—m—l—m(wﬂw_,wo,---)
M >~ 3m

Two general class of models

e Two-body unitarization, of low partial waves

violate analyticity of the 2nd kind
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e Resonance/Regge Duality

violate analyticity of individual partial waves
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e General properties: )
o s-channel: M(1) +m(2) — m(3) + m(4)

. 3 s = (p3 + pa)
~4 t = (ps —p3)® = (ps + p2)°

u=(p3s —p3)° = (p3 + p2)°
In decay-channel, s,t,u become the Dalitz variables

ePartial waves: .

A(s t) =) (20 + 1) Ai(s)P(zs)

D A(s) = AT () + AL (s)
e [WO-body unitarity:

N S -wave
AAF(S) = p(s) Dli((i)) Ay(s) gﬁgsi =m + rr;;\: m + m

e Solution: (Frazer-Fulco/Omnes/Mandelstam)

Ai(s) = AlL(s) | L [L ds" p(s")Ni(s") A (s)

D(s) Jymz ™ s’ — s




A = AL+ AR (unitary diagrams)

A(s) = AF(s) A L [l ds" p(s")Ni(s' )AlL(S )

D(s) Jymz ™ s — s

can also be represented in the standard form
/ / N\ left hand cut
i) = i (Gt = [ 4RO

D(s) 7 s’ —s
\ P
The solution depends on AR
and generalized to inelastic case
~a

exact representation:

Ai(s) = D{j(s) ( ay, Wy (s +me in (8 )




Model examples (implementation of crossing defines the I.h.c)

®“product form”

s, t, u ) (analytical) 5
A(s,t,u) = / ) Gé(s):f(s’t’u)/_lll?o(gl? (u)

D() (S)DO (t)DO (U)

e“sum form” = Khuri-Treiman (equation)

(5,1, ) fo(s)
~ Do(s)




General remarks

e \arious forms satisty: 2-body unitarity and crossing symmetry
eCan be analytically continued to the decay region

minor complications from anomalous thresholds
(Mandelstam/Kacser/Aitchison/Brehm)

eCan be extended to higher partial waves

e Analytical continuation of unitarity from 2-to-2 to 1-to-3 is
not the same as Imposing unitarity on 3-to-3 amplitude at
the M-particle pole

Any model which truncate partial waves will

o\/l0olate Mandelstam analyticity
eHave Incorrect asymptotic behavior

e\/lolate analyticity in the complex-| plane



['(1 —a(s))I'(1 — «aft))
['(2 — a(s) + at))

e Dual models (Veneziano) A(s,t) =

t
=S = i

_ 2N — (lg — Qv -
An(s,t: N) = Y (e = )

(n—as)(n —ag) =
v I‘(f\'r +1— arS)F(AT +1— Q"t)
['(N+1—-n)Il(N+n+1—a;—a)

Re &(s) 4
Re 0(s) =a+bs
ps(2350) . Regge/Resonance duality
Can be generalized to
4 ,. any number of
pa(1690) , < p3(2250) external particles
3 o o o o
.,/"' p3( ! 990) Can be extend to
2 P - \/\ satisty Mandelstam
p(770) ’ : p{l570) . p (2I50) duality, but not known
I o extensions to several
| P(|450) (|900) S trajectories
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Dispersive analysis of w/p—3m

2J+ di]o zs

DI
L) @ e

1—z

J - S S
max B 2
A(s,t) = Z (2J + 1)d‘1]’0(z3 1
J

Solution: (e.g. P‘Wz\ée(ssc)mg) 1 / ds’ p(S/)N(Sl)AL(S/)
D(s) Jy

Easily generalized to inelastic case

o) = i ([ A ONENAED | )

Del(s) 2 T s’ — s

m2 T s’ —s

el = only elastic cut INn = only inelastic cut



Dispersive analysis of w/d—3m

CLR(s) _ Dell(s) ([lsz d;/ ﬂ(S’)NiS/)ES;)A (3/) 4 Zazwz(8)>

2 )
m 1=0

| Integral equation d

: . , , , different from
w(s) is the conformal map of inelastic contributions: Niecknig et. al. 2012

Coefficients a; play the role of improved subtraction constants Anisovich et. al. 1398

1120 " ' ' 1680 T ' ' 4.5
H ~ H r

® —3n /f// \ o — 31 ,’\\ o — 37w
/ \
400} 1120
~ fpm====== e
w2 w2
A A
— —
(]
& g
-320¢ 560
-1040 L . L 0 - == f ! : !
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1 0.05 0.15 0.3 0.45
s"? [GeV] s [GeV] s [GeV?]
60 ' 90 ' ',.\ 2.1
i : \
H \ H
60
~ ~
w2 v
N N’
= =
v g
[ = 30k
N o
—66 L 1 1 : ' 1 1 H 1 1
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1 0 0.25 0.5 0.75
s"? [GeV] s" [GeV] s [GeV?]

all details in: |I. Danilkin et al., arXivi076363



Dalitz plots
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©  Only one parameter (overall normalization) —
fixed from [exp(W/P—3m)

- ¢—3m: distribution clearly shows p-meson
resonances

- w—3m: distribution is relatively flat;

- upcoming high-statistic data from CLAS, KLOE,
WASA, etc.

I. Danilkin et al.
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Transition form factors: w/d—my
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~Blue: N=0
- (Cofrom Texp(V>11Y))
Red: N=1
Green: N=2
(fit to the data)

~Nature of the steep rise?
Exp. analysis of >y is
very important

l. Danilkin et al.
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l. Danilkin et al.



P.Guo, D.Schott, et al.



Joint Physics Analysis Center (JPAC)
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theory

e
Name Last modified Size Description

experiment

double complex function A(gamma,target,recoil,pip,pim,
, Lambda_g, lambda_t,lambda_r,
params)

implicit double precision (a-h,0-2)

dimension gamma(4)

dimension target(4) a Pal'ellt Dil'eCtOL y -

dimension recoil(4)

dimension pip(4),pim(4) B .

Giereion porans(100 W} g12 data EBin26 95 txt.gz 05-Aug-2014 08:27 349M

double complex Ampl )

. . ﬁ gl2 mc gentxtez 05-Aug-2014 12:13 385M
" s = Egarlnagga-:argetggg g - Egarlnaggq-:arge:ggg g ’
- (gamma(2)+targe **2 - (gamma(3)+targe b
2 mc_rec -Aug-2 2:

L W} gl2 me rectxtgz 05-Aug-2014 12:13 82M
$ - (pip(2)+pim(2))**2 - (pip(3)+pim(3))**2

s2 = (pip(4)+recoil(4))**2 - (pip(1)+recoil(1))**2
$ - (pip(2)+recoil(2))**2 - (pip(3)+recoil(3))**2

tl = (gamma(4)-pim(4))**2 - (gamma(1)-pim(1))**2
$ - (gamma(2)-pim(2))**2 - (gamma(3)-pim(3))**2

tl = (target(4)-recoil(4))**2 - (target(1l)-recoil(1))**2
$ - (target(2)-recoil(2))**2 - (target(3)-recoil(3))**2

call Ath(s,sl,s2,t1,t2,lambda_g,lambda_t,lambda_r,params,Ampl)

A = Ampl g

return

end

amptools

Google Search I'm Feeling Lucky

working on CLAS data now A
m

» AmpTools

n and w codes will be available online Tools Brought to you by: mashephe

‘generic” parametrizations will be available online




