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JG|U litz decay

m TFF as deviation from the QED solution for the decay rate

2

mee

m20

= Best value from Dalitz decay: SINDRUM-I  0.025(14)u(26)ss0  phye rownas (1962) 1435

= Usually parameterized in the linear form F o, (mee) = 1+ ax

m PDG value dominated by space-like CELLO result

® |[ncludes model-dependent extrapolation

= New measurement by A2 collaboration

® Photo-induced meson production with Crystal Ball and Taps detectors
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JGU Itz decay

1.3
po 0.02983 + 0.009552
® ~ 0.4 M events reconstructed 1.25r— This Work: Data
= Radiative corrections taken into account 12 This Work: Fit
1 1 - - - Padé approxim.
A5k
m Slope parameter: a, = 0.030 £ 0.0104¢ — — DA
: . 1.1+
® Good agreement with data-driven approaches
. 1.05F
= New measurement ongoing
1 st
= To match PDG accuracy ]
0.95[-
0.9 ] | | | | ]

0.02 0.04 0.06 0.08 0.1 0.12

= NA62 published at the same time: m,.. [GeV/c’]

P.Adlarson et al., Phys. Rev. C95 (2017) 025202
= 1.1 Mevents

m Slope parameter: a, = 0.0368 £ 0.0057,;
C. Lazzeroni et al., Phys. Lett. B768 (2017) 38
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ly virtual 7° TFF

O+ —
w — T N_a 1 N p-A) :A?=2223 :0.026 = 0.037 [GeV/c
— 1 oNn  ndn) :A%=2.24 -0.06 = 0.02 [GeVic]?
| ———"=  :Terschiiisen and Leupold [
B : Schneider et al.
10% - : Faessler et al. "
i wvmp : AZ = 1.68 [GeV/c?] ‘F

m So far mostly muon dalitz decay

m Best precision provided by NA60O
Phys.Lett B677(2009)260 10
Phys.Lett B757(2016)437

Ll il

= At the time unexpected deviation from VMD

= New approaches developed

® Highest mass data points still not understood .

04 05 0.6
Mass [GeV/c?]

March 31, 2017 C.F. Redmer - Hadronic Inputs to (g-2)u DPG Miunster 2017



bly virtual 7° TFF

0 4+ - pO 1.006 +0.05113
w—>TmTe'e “—10°F p1 1.988 +0.2057 + 10°F
= [ [
w° [[ v This Work: Data v This Work: Data A
i This Work: Fit J[} This Work: Fit
o NAG6O, In-In A NA60, p-A 4
...... VMD A -| o Lepton-G <+
- - - TL calculation . — — DA [full ©—3n] ‘+‘ 4y 4l
10| - - - Caprini, N/D E| - - - Caprini, DA 7
- | — — Canterbury appr. -

mYp — p7T0€+€_ 1F

= ~ 1100 events reconstructed 0 01 02 03 04 05 0.6 0 01 02 03 04 05 06
, m(I*I) [GeV/c?] m(I*l) [GeV/c?]

= Slope: A~ = (1.99 £ 0.2140;)GeV 2 P.Adlarson et al., Phys. Rev. C95 (2017) 035208

= Lower than previous measurements (w — 7%utp™)

m Consistent with NAGO (within errors)
® Good agreement with existing calculations

m Small statistics at large m;+;-
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rm Factor

N M32 M2
q2 2 I2 2 2 C V V
q F ML q q —_—
:rc°( 1’ 2) b ( L 2) 127T2F7T M%—q% M%/—q%

B

—1.2
>
m - -
© 1 Time - like:
0 = Dalitz decays
,g_,..m?‘ =
2 = B 0<(Qg2< M2
T F q
L 102 -
- :
10}
1 = ™ = e+e- Annihilation
E [ | q2 =s> M2
107 P
: | | 1 1 | | | 1 1 | 1
0 0.5 1
o? [GeV’]
SND PLB504 (2001) 275 B
CMD PLBBOS (2005) 26 0.2 0 02 04 06 038 ” [16&‘0'!].2
SND PRD93 (2016) 092001 eISy of A. Kupsc, ]
BESIII analysis around 15 GeV? ongoing ala University
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orm Factor

IF_(af,m?)FAF_(0,m")F*

E (e o2\R| Foor(? o2y Ne My M
=Dl | Fwolahad) = o e e

0’|
= Time - like:
) e‘e =’ _

o2l | SND CMD-2 = Dalitz decays
TKLOE " Os@sM

10
N

1 e

- = e+e- Annihilation
0.8

1T 1.2 5
q? [GeV’]
SND  PLB486 (2000) 29

CMD-2 PLB562 (2003) 173
KLOE PLB669 (2008) 223

Preliminary BESIII result

0.2 04 06 038 1 111'2
y of A. Kupsc, CI? [GeV7]
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Space - like:

= Two-photon reactions
"F(QQ), Q=-d°

F(q7,43)
TFF

June 5, 2017

nﬂ(qf:qg)lz Fump (a1, 43) =

m Factor

N M2 M2
1272F . M2 — g2 M2 — g3

Time - like:

= Dalitz decays
B O<Q@Z<M?

m  e+e- Annihilation
u q2 =s> MZ

P

04 02 0 02 04 06 08 1 1.2
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Uppsala University
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JGU Measurements

® Reconstruct

= only one scattered lepton
® Produced system

® Unmeasured lepton from momentum conservation
® Require scattering angle to be small
= Small virtuality

= F(qi,¢5) = F(qi,0) = F(q%)

T T T o veoets
I et een
H oo e’
o ete s etell )
I Radiative Return to Jhy, E
W{3770) decays (DD and non-DD ) ]
I g continuum

radiative Bhabha scattering

Example: 7 transition form factor at BESII|

Monte Carlo, L _:2.93 fb™ @ W(3770) ol

events / 0.01
g,

Tagged Lepton: e* |
Reconstructed decay: 0 — 0% 102

10

-0.95 -0.9 -0.85 -0.8
Missing Polar Angle [cos6

m iss]

June 5, 2017 C.F. Redmer - EM TFF (9-2)u Theory Initiative Workshop 12



JG|U

BESIII Monte Carlo, W(3770)
L :2.93fb", Tagged Lepton: e*

R N R L L R
| R :
- e'e—e'en

| ErIaa

- et eelT

- Radiative Return to JAy,

r w(3770) decays (DD and non-DD )

I qd continuum

radiative Bhabha scattering

10°

events / 0.01

10
0 01
Photon Helicity Angle [cos6,]

m Exactly one lepton
= Two to four photons

m C0SO < -0.99

untagged

m COSO;, <0.8

June 5, 2017

II\III‘ III\III‘
events / 0.01

02 03 04 05 06 07 08 09 1

C.F. Redmer - EM TFF

1 04 E T ‘ T TT T T | ! T T | T T | T T | T T | T T T =
E H GG 3

- e even .

I~ (I cc—eten’t n

B I ete—etell B
10% !l Radiative Retun to > iy, ]
= W(3770) decays (DD and non-DD ) 3

E (I g continuum E

L : radiative Bhabha scattering -
102 =
10 =

1

04 0.2 0 0.2 0.4 0.6 0.8 1
R,
5 — ECMS _ jCMs
m R etn® ~ Pety > 0.05

2= Vs

m Suppresses radiative background

m Rejects hadronic background

(9-2)u Theory Initiative Workshop
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BESII
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JG\U nsition Form Factor

BESIII Monte Carlo, W(3770) Besm
L :2.93fb", Tagged Lepton: e’

:I T TT | T 1T | T 1T | T 1T | T 1T ‘ T 1T | T TT I: 1200_I T T T T 1T 17T L T T T T 1T 17T T 1T 17T [ ]
500(— — - -
= B cte—eten’ . - .
C . e aradnt ] 1000 -
400— o ete— etelT . — i i
o r I Radiative Return to J/y, v n B |
L y(3770) decays (DD and non-DD ) | 800 - e oo ]
% L [ qg continuum - B = :::_’ ::::0,:0 i
5300_— radiative Bhabha scattering ] ..g i — e g'eTT ‘ ]
< L - 600/ - o s G mtnonoB) |
g I ] ° I Tt 1
200 _ C g i
® I . 400 ]
1001 - 200 .
O_I {1 | B | S S B | NSO IS S | Lo 0} IJ_J‘,I | 1 1o sl I_ 0_ -
o 01 02 03 04 05 06 07 0 05 1 15 2 25 3
Invariant Mass yy [GeV/c?] Momentum Transfer Q° [GeV?/c?]
: 0 . : :
m Analysis useful for 7 and 7 m Bkg subtr. by counting 1° yield per Q2 bin
= Monte Carlo description of background incomplete m Divide out point-like cross section for |[F(Q?)|2
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ansition Form Factor

BESII

0.25_ T 17T | T 1T | T 1T T T T T 17T T 11 |
- | GELLO 91 - m 2.9 fb1at W(3770) analyzed
02 —— CLEO 98 . = Covering 0.3 < Q?[GeV?] < 3.1
' [ —— BESIII simulation ]
o 0450 (Ekhara, 2:Octet ModeD 1T = Unprecedented accuracy below 1.5 GeV?
fg ! +_I_++ T i m Competitive accuracy up to 3.1 GeV?
I 0.1 +£F | ~
Y I e | m Systematics dominated by background
ooske 7 subtraction
O:I L1 1 | [ I | L1 1 1 | L1 1 1 | [ | | L1 1 1 |: . POtentiaI issues
0 0.5 1 1.5 2 25 3

nd \/j H
Momentum Transfer Q* [GeV?] = 20 virtuality
m Radiative corrections
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-/ 0-37\ ‘ ‘ ‘ ‘ ‘ | \\\|7 |—|0_3l l |—|03J_\| ‘ | | |||||\|||\||||||||||||Il
E’ B R E ' 1 E i i
0B + B =025 = =025 gt ’L—%—_— | -
g I | . g - g —+=— l l -
L L | J "LE’ r ] L L _
ol -+ CELLO | ol ‘ +CELLO oilt +CELLO ]

E —+ CLEO ] T 4 CcLEO ] B +CLEO ]

0.05— —+ BaBar - 0.05 ~+ BaBar 7 0.05 -+ BaBar N

- Belle . C ] a !
07\\\I‘\\II‘\\I\‘\I\\‘\\\\‘\\\\l\\\\‘\\\IT OTHH‘\H\‘I\H|\\II|\III|IIII|I\II|HI\T 0\III‘III\||||||||||||\II|\|||||||||||||T

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 15 40 0 5 10 15 20 25 30 35 40

Q? [GeV? Q? [GeV? Q? [GeV?]

®m Recent results from B-factories cover only large Q%2 (5 < Q? [GeV?] < 40)
m Discrepancy for 1° between BaBar and Belle

] 2
Data scarce at IoweSt Q CELLO: Z.Phys.C49 (1991) 401

- CLEO: Phys.Rev.D57 (1998) 33
= Region of relevance for (g-2)u BaBar: Phys.Rev.D80 (2009) 052002

Phys.Rev.D84 (2011) 052001
Belle: Phys.Rev.D86 (2012) 092007
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JG|U ansition Form Factor

BESII

BESIII Simulation: 2.9fb~! @ 3.773 GeV mp—rtrnl

f mn =t

Y=

T

-~
o

IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
-

60 m Select:

W=
50

Events per 10 MeV

® one electron or positron

40 ® two oppositely charged pions

20 ,} = two photons

20

m COSO > (0.99

B untagged

10

P ® Reject hadronic background

=T s i e R

® Mass window cuts on Y7 invariant mass

m Kinematic fit

m Relatively small background contamination

June 5, 2017 C.F. Redmer - EM TFF (9-2)u Theory Initiative Workshop 17



ansition Form Factor

, BESII

2
Fy o (Q%) Eyr oy (Q7)
n 7,-)/7,-)/ ( n 9797
— 1T 17T T 17T T 17T T 1T T 1T LI LI — 0-3 T 1T L LI LI LI LI T 17T
L I I | | I I | | | I |
‘T 0.24] = S I I
lw C [ BESII Simulation (Ekhara, 2-Octet Model) ] w L _I_ BESIII Simulation (Ekhara, 2-Octet Model) |
& 0.22 — & L i
& R ] © 0.25— —|— CLEO 98 —
0.2 CLEO 98 7 - -
C [ 3 . —|— CELLO 91 .
013__ CELLO 91 ] r N
r ] 0.2— —
0.15_— R = : [ B
0.14[- L [ = i l Z
- 1 0.15— —
0.1 + - I i
- || . 0.1— —
0.06F - Z i
_| 11 | L1 11 | L 111 | I | | I | | | I | | 111 0 n I | | 111 | .| | 111 | 111 | | .| | L 111
0 0.5 1 1.5 2 25 3 35 : % 0.5 1 1.5 2 25 3 35
@® in GeV?® @ in GeV®

m Statistics compatible to previous measurements
= only one decay channel of n and n' analyzed at BESIII
= more data available (x3.5)

m Systematic studies to be done

June 5, 2017 C.F. Redmer - EM TFF (9-2)u Theory Initiative Workshop 18



JG|U

B €

v

= New data taking / analysis at A2 yp — pye'e”

m 540000 events reconstructed

" A2 = (1.97 +£0.13;;)GeV 2 (normalization |F, (0)* = 1 as result of the fit)

® [mproved accuracy w.r.t. previous A2 and NAGO In-In measurements
®m Good agreement with previous measurements and theory

IF P

June 5, 2017

po
pi

1.004 + 0.008521
1.969 + 0.1301

This Work: Data
This Work: Fit

o A2,2014

« A2, 2011

- TL calculation

- Padé appr. (2014)

v This Work: Data
i This Work: Fit
/ | = NAGO, In-In
] » NAG60, p-A
' | ---- DA (with a2)
Padé appr. (2015)

[

1
0.2

|
0.3

0.4

m(*T) [GeV/c?]

C.F. Redmer - EM TFF

L |

0.2 0.3
m(I*I) [GeV/c’]
(9-2)u Theory Initiative Workshop
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JG|U e 7y

= Reconstructed from J/¢ — 7’ BGS]]I

PhyS Rev. D92 (2015) 012001

10
1 9 : B pipe I —l—Di
= Using 1.3 - 10°J /4 decays 5_(3)._, " =0 (b e
= y = Sideb?::band
m 864 =+ 36 Dalitz events detected § o S 200 =
> a
= First measurement! “ st 1 E 100
>
. . | I Inner IV:DC wa", Ll G " .
= Main Background: Photon conversion R e T N i
Rx (cm) d,y (cm)
/\2 (/\2 i ,7/2)

F,» =
Y (/\2 _ q2)2 _ Az,yz

/\ = (O 79 :l: O 04‘stat :‘: O O2Syst)GeV
= (013 + O°O6Stat + 0.03syst)GeV

= Precision on the level of space-like extrapolation

00170203 04 05 06 07 08 ®Improvement over muon Dalitz decays
M(e*e’) (GeV/c?)
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JG|U

B
= Reconstructed from J/¢ — 7’ BGS]]I

Phys.Rev. D92 (2015) 012001

. 9 L I I—|—Da;a
m Using 1.3 - 10°J /4 decays —anoll” [T o
= y = Sideb?::band
= 864 + 36 Dalitz events detected § Saof T
> 3
= First measurement! “ st ] £ 100
' ] o I .!r?n(.gr IV:DC waII‘ 1] § " .
= Main Background: Photon conversion R e M S L
Rx (cm) wy (€M)
2(N\2 2
E (AT )
n' =

(A2 — q2)2 — \2y2
/\ = (O 79 :l: O 04‘stat :‘: O O2Syst)GeV
= (013 + O°O6Stat + 0.03syst)GeV

= Precision on the level of space-like extrapolation

0ot s e s ses  mImprovement over muon Dalitz decays
M(e'e) (GeV/c?)

(AZ result of similar accuracy expected soon!)
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JG|U mary

m Time-like Transition Form Factor

= Dalitz decays

= Provided by A2, NA60, NA62, BESIII, KLOE(-2), CLAS
m e+e- annihilation

® Provided by CMD, SND, KLOE, BESIII

m Space-like Transition Form Factor

= Two-photon reactions

® New measurements: BESIII, KLOE-2
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