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First principle constraints
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First principle constraints

‘ Analyticity, Crossing
=/ "—.symmetry ‘

In practice rigorous implementation of these principles is very hard. However, for a given
reaction it is possible to kinematically isolate regions where specific processes dominate.

Roy-Steiner: rirt, K, 1IN
Ananthanarayan (2001),
Buttiker (2001),

Ditsche (2012), et al.
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crossing symmetry, analyticity up to NNLO
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TITT scattering
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Khuri, Treiman
(1960)
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Unitarity

Roy analysis (2011)
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Pagquier inversion

t4(s)
Discaj(s) =t5(s) p(s) (CLJ(S) —I—/t . dt...aJ(t)>

| > ds’' Disca (s
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P I s’ — s

0o go rt+(s)
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Pasquier et al. P. Guo, I.D.,

Phys. Rev. 170, 1294

A. Szczepaniak
EPJA 2015
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n-ataa’ (KLOE-2 fit)

.. Fit to KLOE-2
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n-ataa’ (KLOE-2 fit)

.. Fit to KLOE-2
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~ Prediction:

a = —0.025+0.004
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Our result

NLO
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Matching to ChPT

We described Dalitz distribution |A77—>7r+7r_7ro|2 x1l4+ay+by’+da*+ fy’+ ..
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Matching to ChPT

We described Dalitz distribution

Ay ptnemo P 1+ ay+by” +da” + fy° + ...
normalised to unity at x=y=0

2 2 2
[exp |A |2 N 1 _ myg —mg,
n—mta— w0 X n—ontr—x0| X Q4 2

s

fix overall normalisation

Matching to ChPT

Jma([: Jma:r:

J J J

2 2 2 Jmaz
A (s, t,u) = — Lomielmi —1ma) (Z e

Q*  3V3m3f7

Match individual (7, /) components of the full
amplitude near Adler zero s=4/3 m,’

S
17 Matching point



Q-value predictions

Q
Our result (fit to WASAQCOSY) 21.4+04
Quark mass Our result (fit to KLOE-2) 21.7+0.4
double ratio:
Our result (combined fit) 21648 041
1 mi;—m? Lattice, FLAG, 2016 (N; = 2 + 1) 22.5 + 0.8
Q% m2—m? Lattice, FLAG, 2016 (N; = 2+ 1+ 1) 22.2+ 1.6
NLO 20.1
NNLO 22.9
Dispersive (Kambor et al.) 22.44+0.9
Dispersive (Kampf et al.) 23.1+0.7
Dispersive (Colangelo et al., prelim.) 21505

Quark masses

m =3.42 £ 0.09 MeV

m, =93.8 & 0.24 MeV —

Lattice, FLAG,

m, =2.04 +0.14 MeV
mqg =4.80 £+ 0.08 MeV

(Nf=2+1),2014



W/ is spin 1 particle:

t4(s)
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W/ is spin 1 particle:

t4(s)

Discaj(s) =t5(s) p(s) CLJ(S)+/t . dt ...az(t)

> ds’ Disca (s
aj(s) =/ L
4

T Gle-c

m?2

inelastic contributions ; e =P =
parametrize with a conformal E C; w(s) - < / -\
/ )

mapping expansion 1=0 k
. N 4?7?,72T S;

Si 0O
—[
4m?2 Si Coefficients C, play the role of subtraction

constants in conventional approach

Niecknig, Kubis,
9 Schneider (2012)




W, P=I7T

d’T
X X p_|“|A(s,t
T P X P T A(s, 1)
> . Carlos Salgado,
w-3TT: fit event by event gl?2 e
CLAS data in progress Zeoli, etc.
“os o0 o5 (-3 X2/d0f = 1.11 (no 3b)
x = 1.09 (with 3b)
05 E
00 _
05 -
; V. Danilkin et al o o
i0h (JPAC) 300 -200 -100 o0 200 KLOE Coll.

~-0.5 0.0 PRD91 9 094029

PLB 561 55-60
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@isconu’nuﬁy relation: w/np—m"y*

Jpion vector form factor w/p—>3T
| p3(s) s ! 7N
™ = Disc fy.(s) = F;:(s)/ dz' (1 — 2"*) F(s,t',u)
v v 128 7 1

| ™ \
507 —
* \ Belle

foo(s) — /:i ds’ Disc fy (s’

/
mgrﬂ' S — S

) 4 > by (w(s))”

|F|?

0 I I I | I I I | I I I | I I I
0.2 04 0.6 0.8 10

\ )
5 K/ s [GeV?]
4m S;
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* ds’ Disc fvw
wa(S):/4 o s _ +Zbk

2
mz

100~
L P NA60

' bO fxed from rexp(wﬁnY)
,‘4

NA60: Nature of the steep
‘rise?

5 N=0 curve is consistent
0, * - . o e

T s o=m i with [preliminary] MAMI
3 A8 data

t ~ N

> 25 . .
= R . Exp. analysis of (9= TTY is

N N I we| | very important
0 0.2 0.4 0.6 0 0.2 0.4 0.6 ‘

s"? [GeV] s"? [GeV]
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100F

10_—

¢t KLOE

L prediction

dI'/ds [GeV™']

dI/ds [10® GeV']

fvr(s) :/4

* ds’ Disc fvw

2 T
mﬂ'

0 *.-
¢Q—m CcC

¢—m W

s"? [GeV]

23
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bo fixed ff0|;1 [exp(P—TTY) -

Grey: no 3b effects

' Our prediction [2014] is

' consistent with new
- KLOE data [2016]




Summary and Outlook

» Fundamental principles (unitarity, analyticity and crossing symmetry) are very important:
dispersion relations allow to take into account all rescattering effects

» 3b effects are not negligible

» Upcoming high statistic data from CLAS, WASA-at-COSY

» Extend to more complicated cases like: jy(arﬁitmry syin) -31, NN, D-Knm, ...

» The codes are available for downloading as well as in an interactive form online
http://lwww.indiana.edu/~jpac/

thank you!
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\An_erW—Wo]Q x1l4+ay+by*+da?*+ fy° + ...

a

b d f g

KLOE-2 [16]

WASA-at-COSY [17]

—1.095 + 0.003

—1.144 £ 0.018

0.006 0.007 0.012
0.145 + 0.003 + 0.005 0.081 +0.00313:50¢  0.141 +0.0071) 00 —0.044 +0.00919-513

0.219 £+ 0.019 £ 0.037 0.086 £ 0.018 +0.018 0.115 £ 0.037 -~

KLOE [16] —1.090 £ 0.005F 0.124 £ 0.006 £ 0.010 0.057 4 0.006°09%  0.14 £0.01 £0.02 -

CBarrel [14] —1.22 4 0.07 0.22 £ 0.11 0.06 & 0.04 (fixed) - -

Layter et al. [49] —1.080 + 0.014 0.03 & 0.03 0.05 + 0.03 = -

Gormley et al. [50] —1.17+0.02 0.21 +0.03 0.06 £+ 0.04 - -

Theory (combined ﬁt) —1.075 £0.028 0.155 &+ 0.006 0.084 £ 0.002 0.101 £ 0.003 —0.074 £+ 0.003
NLO [22] —1.371 0.452 0.053 0.027 =

NNLO [23] —1.271 £ 0.075 0.394 + 0.102 0.055 + 0.057 0.025 + 0.160 -

Kambor et al. [24] —1.16 0.24...0.26 0.09...0.10 - -

NREFT [30] —1.213 4 0.014 0.308 + 0.023 0.050 + 0.003 0.083 + 0.019 —0.039 % 0.002
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Typical Data analysis

1 . , 1
. — g 2 p 1 5

P
3 5 ! 3

3 BW + background term
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Typical Data analysis

1 1 2 1
2 _ p 2 p 1 2
p
3 3 3 3

3 BW + background term

i, Shortcomings: unitarity is not satisfied |

| In view of the upcoming high statistic data (CLAS, KLOE, ..) n‘
— precision amplitude analysis is needed 1;

| Need to take into account final state interactions in a systematic way

| . I —
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Niecknig, Kubis

IO i . icle: Schneider (2012)
w/P is spin 1 particle: H — ’iﬁuuaﬁ Eu(p’ )\) pT p<2x pg F(s, t, u)
o0
= (2J + 1) d3o(0s) f7(s)
J=1.3....

28



Niecknig, Kubis

/ q) in 1 ticl Schneider (2012)
w/¢ is spin 1 particle: .
PP H = i €uvap € (p, ) P} D5 P F(s,t,u)
®.@
= (27 + 1) d3o(0s) £ (s)
J=1,3,
- S J 1 o/

p.w. expansion for F(s,t,u) (s,t,u) Z Pj(zs) Fy(s)

28



Niecknig, Kubis

/ | Schneider (2012)
w/¢ is spin 1 particle: :
Pisspinip H = i€uap e (p,\) pY p3 ps F(s,t, u)
o
= (27 +1) d3o(65) £ (5)
J=1,3, : remove

\ kin. singular. !!!

p.w. expansion for F(s,t,u) (s,t,u) Z )' T P (25) Fi(s)
J= 17 ).
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Niecknig, Kubis

/ | Schneider (2012)
w/¢P is spin 1 particle: :
Plespin TP H =i €uap e (p, \) P p3 ps F(s,t,u)
®.@
= (27 + 1) d3o(0s) £ (s)
J=1,3, : remove
\ kin. singular. !!!
p.w. expansion for F(s,t,u) (s,t,u) Z )! TPy (2) Fy(s)
J= 17 )
&) Jmaw
Truncate the partial waves Z — Z
J

28



(genemfized) isobar cfecomyosition

Niecknig, Kubis

/ | Schneider (2012)
w/@P is spin 1 particle: :
pisspinip H = i€upap €(p, \) PY p3 P F(s,t,u)
©.@)
= (2J 4 1) d3o(0s) £ (s)
J=1,3, remove

\_kin. singular. !!!

p.w. expansion for F(s,t,u) (s,t,u) Z )'TH P (2) Fy(s)
J= 17 )

Truncate the partial waves

aMég
1

Jmaw Jmaac ma:c

So-calleclzl reconstruction F(s,tu)= 3 . oy + Y.
theorem: J=1,3,... J=1,3,... J=1,3,...

mm scattering
Fuchs, Sazdjian, Stern (1993)
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(genemfized) isobar cfecomyosition

Niecknig, Kubis

/ | Schneider (2012)
w/@P is spin 1 particle: :
pisspinip H = i€upap €(p, \) PY p3 P F(s,t,u)
©.@)
= (2J 4 1) d3o(0s) £ (s)
J=1,3, remove

\_kin. singular. !!!

p.w. expansion for F(s,t,u) (s,t,u) Z )'TH P (2) Fy(s)
J= 17 )

Truncate the partial waves

aMég
1
]

Jmaw Jmaac ma:c

So-calleclzl reconstruction F(s,tu)= 3 . oy + Y.
theorem: J=1,3,... J=1,3,... J=1,3,...

mm scattering

Fuchs, Sazdjian, Stern (1993)

crossing, analyticity
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/OO ds’ Disc F'(s')
4

T s’ — s

Integral equation F(s) =

2
mZ

Disc F(s) = t*(s) p(s) ((F(s) + F(s)) + inelastic (s > ;)
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/OO ds’ Disc F'(s')
4

T s’ — s

Integral equation F(s) =

2
mZ

Disc F(s) = t*(s) p(s) (F(s) + F(s)) + inelastic (s > ;)

For practical reason we F(s) =Q(s) G(s) Omnes (1958)
decompose Disc Q(s) = p(s) t*(s) 2(s) + inelasticO(s > s;)

29



CDiSJoersion relation

> ds’ Disc F'(s')

Integral equation F(s) = /
4

/
mgrﬂ' S — S

Disc F'(s) = t*(s) p(s) (F(s) - F(S)) + inelasticO(s > s;)

For practical reason we F(s) =Q(s) G(s) Omnes (1958)
decompose Disc Q(s) = p(s) t*(s) Q(s) + inelastic O(s > s;)
Solve integral equation G(s) /oo ds' Disc G(s')
for G(s) am2 T ST =8

Disc G(s) = p(S)ngi)F(S)

+ inelastic (s > s;)
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CDiSJoersion relation

> ds’ Disc F'(s')

Integral equation F(s) = /
4

/
mgrﬂ' S — S

Disc F'(s) = t*(s) p(s) (F(s) - F(S)) + inelasticO(s > s;)

Omnes (1958)
“(s) Q(s) + inelastic (s > s;)

For practical reason we
decompose Disc 2(s) =

ks
/N
V)
N—
|
®
/N
V)
N—"
/N Q
/N
V)
o~ N——"

Solve integral equation G(S):/OO ds’ Disc G(s") :/Si ...+/OO-.-
for G(s) amz ™ 8 =8 4 8

2 .
mZ 7

Disc G(s) = p(S)ngi)F(S)

+ inelastic (s > s;)
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CDiSJoersion relation

o0 d / D. F /
Integral equation F(s) = / s' Disc F'(s')
4

/
mgrﬂ' S — S

Disc F'(s) = t*(s) p(s) (F(s) - F(S)) + inelasticO(s > s;)

For practical reason we F(s) =Q(s)G(s
decompose Disc Q(s) = p(s)

Omnes (1958)
*(5) Q(s) + inelastic O(s > s;)

@F\/

parametrize with conformal
mapping expansion

Solve integral equation G(S):/OO ds’ Disc G(s") :/Si ...+/OO-.-
for G(s) amz ™ 8 =8 4 8

2 .
mZ i

t*(s) £(s)

Disc G(s) = p(s)ﬂ s

+ inelastic (s > s;)
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—

| > 1s’ Disc G(s' Si s’ Disc G ’ ; !
Integral equation: G(s) ZL o DiseCls) :A s e dls) £ an (@)’ |
k=0 |

I _ I _
m2 T s — S m2 T s =S5

- N I— - i _ — _ __|
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| 00 I T / ; S Y / - ’
| ds’ Disc GG © ds' DiscG
~ Integral equation: G(s) :L ¢ DiscGls') ZA i (5) + 3 ag (w(s))" |

I __
m7277'(' S S

. N o o ) B i ) 7 i

w(s) is the conformal map of w(s) = VSi — /51 — S
inelastic contributions V8i t/8i — S
s; =1 GeV2

Yndurain (2002)
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On going fitting of CLAS g12 data

Data: g12 experiment

+,_—. 0
n: Yp — pPpW — pT T T

Reactio /\

Incoming photon energies: p p
1.1 - 3.8 GeV (Florida group: Volker Crede, Chris Zeoli, ...)
>3.6 GeV (JLab: Carlos Salgado, ...)

Files: data, reconstructed Monte Carlo, generated Monte Carlo

4-vector format: <pi+ 4-vec: Px, Py, Pz, E;>, ...
incl: Q-value: likelihood for event being signal

Amn AmpTools

ools Brought to you by: mashephe
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1 dl’ 2 4 m? 2
¢ |FV7T(3)|2\/1— i <1+ m

Tyny ds 1272
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w—mlete”) = 7.8-1074
0_+

w—mlete”) = (7.74+0.6)-107¢

0.96 - 10*
= (1.3+£04)-107*

Prediction B (¢ — nutp”) = 3.9-107°
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