Glu -
: ‘ SFBE R rrisma

sjonannes GUTENBERG THE LOW-ENERGY FRONTIER
UNIVERSITAT MAINZ OF THE STANDARD MODEL

Measurement of the space-like
m° transition form factor at RESTT

June 19, 2018 | Christoph Florian Redmer
for the BESIII collaboration

Second Workshop of the Muon g-2 Theory Initiative



JG|u

ergy Range

3D integral representation for PS-pole contribution: ( Nyffeler, PRD94,053006, 2016 )
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®= Recent results from B-factories cover only large Q%2 (5 < Q? [GeV?] < 40)
= Discrepancy for 1t° between BaBar and Belle
® Data scarce at lowest Q2 CELLO: Z.Phys.C49 (1991) 401
CLEO: Phys.Rev.D57 (1998) 33
[ Reg|0n of relevance for (g_Z)u BaBar: Phys.Rev.D80 (2009) 052002

Phys.Rev.D84 (2011) 052001
Belle: Phys.Rev.D86 (2012) 092007
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NIM A614 (2010) 345
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m Operated at BEPCII collider
m2.0<+/s[GeV] <46
® Design luminosity achieved
m L =1.0x10¥cm %! at ¢(3770)

® | arge data sets for

Integrated Luminosities at BESIII

® Charmonium spectroscopy =
= Charm physics . 4180
= Light hadrons L werre -,
= T and R-scan = S ¥@S) \4040) XYZ
% 102 g_ o0
S 0 ttT et
: . 10
77 studies mainly on 2.9 fb* at ¢(3770) -
30 385 40 45
E.. (GeV)
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n Collisions

= Exchange of two photons in e'e” collisions

B Pseudoscalar, axial, and tensor states accessible
m |\/|X << Vs
" g xa?lln’E

" 5 x F?(Q3,Q3) , with Q7 = —¢;
O:F-l-,ZZF-l—

®= Forward peaked kinematic

m Experimentally challenging
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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(¢7,q5) — F(¢7,0) = F(q?)

10° T I _ e 3
Example: 7 transition form factor at BESIII " ey

I Radiative Return to Jhy, E
w(3770) decays (DD and non-DD ) ]

I @ continuum

radiative Bhabha scattering

—
2

Monte Carlo, L _: 2.93 fo™ @ W(3770)

Tagged Lepton: e*
Reconstructed decay: ¥ — vy

events / 0.01
g,

2

10

-1 -0.95 -0.9 -0.85 0.8 -0.75
Missing Polar Angle [cos6

m iss]
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\nsition Form Factor

Event selection: = Exactly one lepton
® COSO,taggea < -0.99

= Two to four photons

JG|u

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

: y(3770) decays (DD and non-DD )
! qg continuum

||\||\|||‘|||\ll\lll\ll\‘ll\lll\ll‘lll\il\\l\||| 104_‘|‘|‘ ||||]\I‘I\I‘III|||\|\|\_

i -eeaeen" ; I - ' ce—ceten’ ]
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C - e'e - etenln’ 1] B (I e etel 7

= [ e eelT ] 10° - Radiative Return to JAy, w ]

- Radiative Return to JAy,

5 - w(3770) decays (DD and non-DD ) — 5 radiative Bhabha scattering

S - I g continuum E

..:‘:3 radiative Bhabha scattering % 102 ? 75
210% - o F :
o ¢ o | 4

10
0 01 02 03 04 05 06 07 08 09 1 Ry S ey
Photon Helicity Angle [cos8,] R,
= Angle between y in 11° rest frame and m° in lab = Radiative effects result in wrong Q?
V5 — ESMS _ ,cMs
® COSO, gy <0.8 = Useful observable: R, = etn? ~ Petr

NG

= Reject events with R, > 0.05
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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: 12()()_I T T T T 1T 17T L T T T T 1T 17T T 1T 17T [ ]
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400— o ete s etelT . — o _
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% L I qq continuum _ I~ = :::_’ ::::., " .
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XL ] 2600 R (o7 drer OB aniven0D) ]
dg B 7 ~ — rd‘i):ﬁr::] I;ll::hha scattering N
>200— — L i
® 1 400 -
1001 — 2001 .
0 B ST ST | (I | S A B | OSD I | Lo e ) J_A | | | i 0 L -
0 o1 02 03 04 05 06 07 0 0.5 1 15 2 2.5 3
Invariant Mass vy [GeV/c?] Momentum Transfer Q° [GeV?/c?]
. 0 . . .
= Analysis useful for 7" and 7 m Bkg subtr. by counting 1t° yield per Q2 bin
= Monte Carlo description of background incomplete ® Divide out point-like cross section for |F(Q?)|2

= Small angle Bhabha scattering
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ansition Form Factor

BESII

0.25 T 17T | T 1T | T 1T T 1T T 17T T T
[ —— CELLO 91 i m 2.9 fb1at W(3770) analyzed
0.2~ —— CLEO 98 ] = Covering 0.3 < Q%[GeV?] < 3.1
S | —1— BESIII simulati i ot .
> I B o on ) = Statistical accuracy:
O 0.15 — ® Competitive up to 3.1 GeV?
L ] = ® Unprecedented below 1.5 GeV?
— B __!_ —_— |
[ FL A ] T
w 0.1 — hLbL |
oo § +=“—T—I— ] Most relevant for a-*"!
O . . | i : .
[ L i ® Systematic Uncertainties
0.05[~ n ® Dominated by background subtraction
. l = Radiative effects to be included
0_ Lo oo b v b b b | } ® Based on Ekhara 3.0
0 0.5 1 1.5 2 2.5 3

Momentum Transfer @ [GeV?]

Expecting the release of preliminary result any minute!
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JG\U easurements

= Measurement of F.....0(Q3, Q3) never done before!

m Contains full information
= model independent input

m BESIII collected > 10 fb—1 at 3.77 < Vs [GeV] < 4.6

® Double-tag measurement possible

® | ow statistics expected

m 1st Step: Test TFF models
m e.g. VMD vs. LMD+V

June 19, 2018 C.F. Redmer - m° TFF at BESIII
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Calculations: A. Nyffeler
Phys.Rev. D94, 2016, 053006
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mary

= Two-photon physics program at BESIII to measure space-like meson TFF

® Single-tag measurements for singly virtual TFF

= 110 TFF measured in 2.93 fb1 at Vs=3.773 GeV
m 0.3<Q?[GeV? <31
® unprecedented statistical accuracy below Q2 < 1.5 GeV?
= Preliminary results awaiting release

® Analysis of n, n', and m°mrt%rt+1T- ONgoing

= Double-tag measurements started v*~* — 0
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