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* Data driven HLbL determination?

e Transition Form Factors of «°,n,n'
- Kinematic regions/data sources
— Anomalous processes PVV, PPPV
- Dispersive approach to TFF
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* Strategy for experiment?
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Hadronic contribution to g-2
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Hadronic Light by Light

New g-2 experiment at Fermilab with error
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Hadronic Light by Light

New g-2 experiment at Fermilab with error
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Pseudoscalar Transition Form Factors (TFF)

Structure of light mesons nn o

L/H energy QDC LAB “"WWY

I*I” spectra in HIon n: Fyy
m /m

Fn’ q*» puzzle

Z
*
J—{ iy

Dark photon 1y

™ g-2 HLbL

MesonNet(HP3) Workshop on Meson Transition Form Factors May 29-30,2012 Krakow



Radiative widths of n,n°

n, n° : narrow and short lived

=> [tot=yy/BRyy n: 510~ s;F=1.3keV 0 — ¥Y
m0: 8x10~ 17 s: er=25nm 7% — v~

Two exp. techniques:

VALUE (keV) EVTs DOCUMENT ID TECN COMMENT
°

,Yz a Tl ,EO PrlmakOff 0.510 £ 0.026 OUR FIT Sr(n 9 Y'Y) ~5°/°

0.510+ 0.026 OUR AVERAGE
SF(TCO_)'Y'Y) ~2.8°/0 0.5140.12£0.05 36  BARU 9 MD1 e —e e

0.490+0.010x0.048 2287 ROE 890 ASP g e —egen

Pr‘imEX PRL 106, 162303(201 1) 0.514£0.017+£0.035 1295 WILLIAMS 88 CBAL g e —een
0.530.04 £ 0.04 BARTEL 85E JADE g e —egen
*** We do not use the following data for averages, fits, limits, etc. * * *
0.476+ 0.062 ! RODRIGUES 08 CNTR Reanalysis
0.64+0.14+0.13 AlHARA TPC ee —~gen
0.56+0.16 WEINSTEIN CBAL ee —~egen

e"'e': IYIY é n TCO 0.324 £ 0.046 BEROWMAN CNTR Primakoff effect

L 2

1.00+0.22

BEMPORAD CNTR Primakoff effect

KLOE-2 Taggers c(e'e — e*e'n, Vs=1GeV)
-1 _ 0 ~19

Details: [EPJC 72, 1917 (2012) ]
[KLOE JHEP1301 (2013) 119]
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n.n° single off shell TFF
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Dalitz decays
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TFF Programme at A2

| n’-Dalitz Analysis - Data 2007_07_LH2
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New A2 Result for n TFF

S. Prakhov, M. Unverzagt et al., accepted by Phys. Rev. C, arXiv: 1309.5648 [hep-ex]
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A2, 2011: H. Berghduser et al., Phys. Rev. B 701 (2011) 562-567.

NAG0, In-In: R. Arnaldi et al., Phys. Lett. B 677 (2009) 260.

TL calculation: C. Terschliisen, Diploma thesis, University Giellen, 2010.

Pade-approximants: R. Escribano, P. Masjuan, P. Sanchez-Puertas, arXiv:1307.2061 [hep-ph].

DT calculation: C. Hahnhart, A. Kups¢, U.-G. Meilner, F. Stollenwerk, A. Wirzba, Eur. Phys. J. C73 (2013) 2668.

Marc Unverzagt HPoFS Workshop Ambherst, 7" March 2014
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e+e- - ("OV'"V)VQR in Phokhara
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N meson radiative decay width KE
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V - Py* and e+e- — PV processes
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BR( 2 )x10°

History of 7¥ — e*e™ measurements
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Dispersive analysis of ¥ — ~v*~*
e iSOspin decomposition:
F’JT”"‘IH*"}’* (Q%? qg) — F!-’S(q%? {1?%) + F!-’S((é? ‘-’}"f)

e analyze the leading hadronic intermediate states:
see also Gorchtein, Guo, Szczepaniak 2012

J | | L
-~ ?T | J‘\I.

> Isovector photon: 2 pions
x pion vector form factor x A7 — 77w
all determined in terms of pion—pion P-wave phase shift
+ Wess—Zumino-Witten anomaly for normalisation
> isoscalar photon: 3 pions

= ] ] : ) g ) o iat _
SIIde. BaStlan Kubls B. Kubis, Towards a Disparsive Analysis of the ot° Transition Form Factor = p. 4




Dispersive analysis of m° — ~*~*
e iSOspin decomposition:

F’JT”"}‘*"}’* ((f%v qg) — F!-’S(qf? f}%) + F*-’S(qg’ ff%)

e analyze the leading hadronic intermediate states:
see also Gorchtein, Guo, Szczepaniak 2012
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> Isovector photon: 2 pions
~x pion vector form factor x A7 — 77w
all determined in terms of pion—pion P-wave phase shift
+ Wess—Zumino—Witten anomaly for normalisation
> isoscalar photon: 3 pions
dominated by narrow resonances w, ¢

SIide: Bastian Ku bis B. Kubis, Towards a Dispersive Analysis of the 77" Transition Form Factor - p. 4



Towards a dispersive analysis of eTe™ — 7'~

E—i_

Slide: Bastian Kubis
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w /¢ — 37 Dalitz plots

e subtraction constant « fixed to partial width
— normalised Dalitz plot a prediction
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Niecknig, BK, Schneider 2012

Slide: Bastian Kubis

B. Kubiz, Towards a Dispersive Analysis of the ¥ Transition Form Factor - p. 13



Experimental comparisonto ¢ — 37

KLOE Dalitz plot: 2 - 10° events, 1834 bins  Niecknig, BK, Schneider 2012

8000 | i
40001 i
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055 80 850 900 950 b'_ 19'9{}?;i 1050 1100 1150 1200 1250
F=0 once-subtracted twice-subtracted
x?/ndof  1.71...2.06 1.17...1.50 1.02...1.03

e perfect fit respecting analyticity and unitarity possible
e contact term emulates neglected rescattering effects
e no need for "background" — inseparable from "resonance”

. . . . B. Kubiz, Towards a Dispersive Analysis of the ' Transition Form Factor - p. 14
Slide: Bastian Kubis




Naive extensiontoete™ — wlw
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e full solution above naive VMD, but still too low

e higher intermediate states (47 / 7w) more important?

= . = = B. Kubis, Towards a Dispersive Analysiz of the ¥ Transition Form Factor — p. 17
Slide: Bastian Kubis




Comparisonto eTe~ — 7w~ data

0(q)ete— —smo~[nb]
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Hoferichter, BK, Leupold, Niecknig, Schneider, preliminary

e "prediction"—no further parameters adjusted
e data well reproduced

B. Kubis, Towards a Dispersive Analysiz of the 7 ? Transition Form Factor — p. 22

Slide: Bastian Kubis



—— Exp. data

§ — THm-E0

signal n — mémn-y

T — T+w-nl
—— Sum of all MIC

30 40
MeV

Emi:-:x . ‘ f)mf.cx

* No kin fit:use DC resolution

* Not use EMC Energy Hu=>7'79) 6600005 20,0028
+ — 0 ' . .
F-ny L = 558 pb-! Iy—>n'nx)
- o

eff=21% value events author year

S/B=10 0.203 + 0.008 PDG average
0.175 £0.007 £ 0.006 859 Lopez 2007
0.209 £ 0.004 18 k Thaler 1973

Nor'malization n - 1l:+7l:_7t0 0.201 £ 0.006 7250 Gormley 1970
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Outlook n', nc

F (P

nN'—m+m-1m+1T-
n'—m+mr-=1m0To

arXiv:1404.0096

F, (P

nc = pp

8 10
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1.8%

nc = K*K* 0.7%

nc = ¢y

0.2%



Summary: PS TFF

Transition Form Factors n°/n/n’
Main contribution to a

Dispersive approach for PS TFF



Maybe HLbL,PS is already fixed?
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Hadronic Light by Light

New g-2 experiment at Fermilab with error
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Dispersion relations for v*v* — 77

Roy-Steiner egs. = Dispersion relations + partial-wave expansion
+ crossing symmetry -+ unitarity + gauge invariance

1501

» On-shell vy — wx: prominent D-wave
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e i
%2 04 06

Slide: Gilberto Colangelo
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A roadmap for experiment?

Artwork Martin Hoferichter
Pion transition form factor

Partial waves for
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