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= The BES-III Experiment

® Measurement of Meson Transition Form Factors

® Time - like
m Space - like

B Summary
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BES-III Det
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m 2004: start of BEPC-II construction

m 2008: first e*e- collisions
® Since 2009: BEPC-II/BES-III data taking

April 9, 2014
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)n Collider BEPC-II

Beam Energy
1.0-2.3 GeV

Energy Spread
o(E)/E = 5.16 - 10*

Design Luminosity
10¥* cm® st @ Y(3770)

Achieved Luminosity
0.7 -10¥* cm? s* @ Y(3770)
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ector

NIM A614 (2010) 345

= Main Drift Chamber (MDC)
= g(p)p=0.5%
m O =6.0%

dE/dx

® Time-of-flight system (TOF)
m g(t) =90ps (barrel)
m o(t) = 110ps (endcap)

AEEEHLL- S Tg - & X, -y _ u EMC

Magnet SC magnet m 6240 CsI(TI) crystals
e m o(E)/E = 2.5%

=m0, (E)=05-0.7cm

voke

= Muon Chambers
= 8 -9 layers of RPC
Be beam pipe = p>400 MeV/c

1 | i m JR®P=14~17cm

® Superconducting Magnet
= 1 T magnetic field

Csl calorimeter
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ata Sets

m 1.23- 109 J/W
= 0.52 - 109 W(2S)

BES-IIl Physics Program

= 2.9 fb1 W(3770)

= Charmonium Spectroscopy

m 0.5fb! @ 4.04 GeV = Charm Physics
m1fbl@ 4.23 GeV m |ight Hadron Spectroscopy
= 0.8fb1 @ 4.26 GeV " L R&QCD

m 0.5fb! @ 4.36 GeV
® 24 pb! T mass scan
®= 800 pb1R scan (104 points from 3.85 to 4.6 GeV)

World's largest samples of J/¥, ¥(2S), and ¥(3770)
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TFF at BES-III

Time - like Transition Form Factors:

m Dalitz decays
B O<(Qg?<M?

= Annihilation process
u q2 =s > M2

Space - like Transition Form Factors:

= Two-photon production of mesons
" F( %7Q3)7 Q2 — _q2
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Dalitz decays J/¥ - P e*e

= Unmeasured, rare processes

- =105 — 107 J. Fu, HB.Li, X. Qin and M.Z. Yang, Terschliisen, Leupold
BRipeo = 10 10 Mod. Phys. Lett. A 27 1250223 (2012) 100 | standard VMD - .
- NA60 —ea— }

m Recentinterestin V — Py transitions of light unflavored mesons

= NAGO result on w — m°e*e- not described by VMD
m Recent measurements at SND, CMD-2, and KLOE on &

2
IFonl

= Test VMD , 1
Ia —
| VP(q )| (1 _ q2/A2)

= [mportant for understanding of P — y transitions

0O 01 02 03 04 05 06 0.7
q [GeV]
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ys of J/¥

arXiv:1403.7042
Submitted to PRD

= JJy->Pete,withP=1%n,n
+

n — Ty
—>W+ﬂ_n
— VY
70
— VY

n—mt
n—7Y

T =y

m Background from other J/y decays removed by kinematic cuts

m External conversion is main source of background
MC: J/y » ' 1’
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beam pipe| __ i o &‘: I
: S 1500
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(/]
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> " g
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arXiv:1403.7042
Submitted to PRD

m 225 .10° J/Y decays analyzed

m Background well under control

®m Good agreement of data and MC

2

2
Al

3
T
2

-
o
oy
o
T

FRET N WA '
o ¥ H

085 09 085 1 105 085 09 095 1 105 0 002 004 0.06 0.08 0.1 0 002 004 0.06 0.08 0.1
M(yr*r) (GeV/c?) M(yyn*n) (GeV/c?) M(e*e’) (GeV/c?) M(e*e’) (GeV/c?)

il m

0.45 0.'5' 0.:55' 0.6 0.65 0.45 0:5 0.55 0:6 0.65 0 0.02 0.64 0.66 0.;)8 OI.1 0 0.02 0.04 0.;)6 0.08 0.1
M(yyn*n) (GeV/c?) M(y v) (GeV/c? M(e*e’) (GeV/c?) M(e*e) (GeV/c?)

Events/ (4 MeV/c?)

-
-
-
T

Events/ (2.5 MeV/c?)

Events/ (2.5 MeV/c?)
3

et —

3

Events/ (5 MeV/c?)
2
Events/ (2.5 MeV/c?)

Events/ (2.5 MeV/c?)

-

a
2

ey
o
T

-

Events/ (4.8 MeV/c?)

-

(-
Events/ (4 MeV/c?)

-1 Ll | P L L L i fl
00.08 0.1 0.12 0.14 0.16 0.18 0.2 0 0.02 0.04 0.06 0.08 0.1
M(y v) (GeV/c?) M(e*e’) (GeV/c?)

April 9, 2014 C.F. Redmer - Meson Transition Form Factors at BESIII SFB1044 Workshop, Mainz



rm Factor

arXiv:1403.7042
Submitted to PRD

= TFF used to estimate systematic error

1 o
(1—q%/A%) =

[Fvp(q®)] =

F

Jiym
o N E=3 (=] o]
| | |
—

; L F/Z

0 020406 08 1 1214 16 18 2
M(e*e’) (GeV/c?)

= Example: n'
= Fit: A= (3.1 £ 1.0) GeV/c?
= A= m, =3.686 GeV/c?
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Ratios

arXiv:1403.7042
Submitted to PRD

Mode

Combined Result Theoretical prediction

Branching fraction

Jp = n'ete (nff = yrtnT)
J/v = n'ete” (n — aTx7n)

(6.01 £0.20 £0.34) x 107°

(5.51 +0.29 £0.32) x 107> (5.66 + 0.16) x 107>

(5.81 £0.16 £0.31) x 107°

J/p —nete (n — ntn n°)

J/ = nete” (n — )

(1.1240.13 £ 0.06) x 10~°

(1.17 £ 0.08 £ 0.06) x 107> (1.21 £0.04) x 107°

(1.16 £ 0.07 £ 0.06) x 107>

J/p — mlete (0 = 49)

(7.56 + 1.32 +0.50) x 1077 (7.56 4+ 1.32 4+ 0.50) x 1077 (3.89703%) x 1077

= First measurement of Dalitz decays J/y —» P e*e’, with P = 1% n, n'

m BR of decays with P = n, n' in agreement with Theory

m 2.5 o0 difference forP = 1m°

April 9, 2014
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J. Fu, H.B. Li, X. Qin and M.Z. Yang,

SFB1044 Workshop, Mainz

Mod. Phys. Lett. A 27 1250223 (2012)
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Single Tag Technique
= Measure only

= One scattered lepton

m Decay products of meson

m Reconstruct second lepton from missing momentum

April 9, 2014

Require small scattering angle

C.F. Redmer - Meson Transition Form Factors at BESIII

Talk by Y. Gu
Tomorrow

ﬂ

SFB1044 Workshop, Mainz
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Single Tag Technique
= Measure only

= One scattered lepton

m Decay products of meson

m Require small scattering angle

Example: Monte Carlo, W(3770), L _: 927 pb?, Tagged Lepton: e

-

(=]
s
T Tﬂv

— n 2-Octet Model
—— qq continuum

ij — 1° 2-Octet Model

Events per 0.005

—y
o
W
T

— Y(3770)
— Rad. Return (J/W¥,¥")

— MC Sum

m Reconstruct second lepton from missing momentum

| zoom

I S N S
-1 -0.8 -06 -04 -02

April 9, 2014
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cos(6

1
0 0

)
untagged
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Single Tag Technique
= Measure only

= One scattered lepton

m Decay products of meson

m Reconstruct second lepton from missing momentum

Q,’
Q;’

April 9, 2014

Require small scattering angle

. high virtuality

. quasi real
| F(Q:2,Q)F —— [F(Q,%,0))2P—— [F(Q?)]?
C.F. Redmer - Meson Transition Form Factors at BESIII

SFB1044 Workshop, Mainz

14



Asurements

+ - + - 0 + + 1

e'e -eeTm ee —~een
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|‘ . S N g r {'=‘ l [ ]
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_: 0.15- ‘#4"‘ - 0.15 H»
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0.05— —+ BaBar - 0.05 ~+ BaBar 7 0.05 -+ BaBar N
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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

BaBar: Phys.Rev.D80 (2009) 052002
Phys.Rev.D84 (2011) 052001

Belle: Phys.Rev.D86 (2012) 092007

= Region of relevance for (g-2)u
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Studies

—0.25 —0. — , — 03 T
% :I I I I I | %025:| I T I T ] % B i
o | ] O e'e —e'en 1 I -
T 02 - = o2l ’ 0B —
o r ] g T i g ]
=S = L i 7 L B —" ]
o ] o [ —T—— G O B
sl . 00_15} L= [ ; : a *++I:F'$ ]
] C i ] 0.15 _:* -
o i cRlLo i DJ—{;’H* ~} CELLO B il ee -een E
[ i;:::r ] - —+- CLEO 1 . +cLeo -
0.05 Belle ] 0.05— —+ BaBar N 0.05 +BaBar ]
—— BES-IlI ] M —4— BES-III 1 E +BES-l -
B B S B B S I S S T S T R
Q? [GeV? Q? [GeV? Q7 [GeV?]
BSc Theses: A. Hahn, B. Kloss
Assumptions: Result:
m Vs =3.773 GeV = TFF measurable up to Q2 = 10 GeV?
ml =10 fbl = Unprecedented accuracy below 4 GeV?
= Only detector geometry ® Above 4 GeV2 accuracy comparable to CLEO

April 9, 2014 C.F. Redmer - Meson Transition Form Factors at BESIII SFB1044 Workshop, Mainz 16



ple: t° / n

Data

= Y(3770) on-peak, available: 2.92 fb-

m Monte Carlo

m Signal: Ekhara 2.1
= Background: Babayaga 3.5, KKMC

Event Selection: Expected Background Channels
= exactly one lepton candidate = Radiative Bhabha Scattering
m At least two, max four photons m Hadronic Final States

m Two-Photon Production with ISR

m Two-Photon Production of other mesons

April 9, 2014 C.F. Redmer - Meson Transition Form Factors at BESIII SFB1044 Workshop, Mainz 17



Steps

Helicity Condition for Tt° Polar angle difference of y pair
® Angle between y in 1° rest frame and 10 in lab m Strongly peaked for QED background
m Flat for signal = Flat for hadronic background
m Peaked for background = Dip for signal
= Reject events with cos(8,,) > 0.8 = Reject events with [AB,, [ < 1.5°
L 1927 pb™*, Tagged Lepton: e’ L 1927 pb™*, Tagged Lepton: e
b : gsooz'w""|""\""|""|""|""":
S10°E L S asof- =
8 5%@@“_‘;’ g‘ ‘3400;— E =
2 Emﬁmw%?":_- ” — 1° 2-Octet Model £ 3501 ﬂ E
i — n_2-Octet Model S o E
o T — 9q continuum i :
a‘ ;EE,'---iuH-ua”55@;:’.’iEE'#;h'iui:‘5.5!:4.r.F.ﬂEﬂi%ﬂiiﬂg‘iiiﬁiii'#iaiﬁ!‘%'E"ﬁ;"s;‘g":"ﬂi?g#“ e I:::"ﬂ — WY(3770) 250¢ .
R e T T i — Rad. Return (J/¥,¥") 200F =
o O :
BT - - E
e A 3 MC Sum ol :
: L 50[ =
1II\I|IIII|IIII|I\\Ill\llll\llll\II|HII:\\II|IIII E 1:‘" ; _li'-l-‘u .
0 01 02 03 04 05 06 07 08 09 1 0 -150 -100 -50 0 50 100 150
cos(6,,) A®,, indeg

= reduction of QED background
= reduction of QED background
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Steps

Polar angle of Tt° Condition on ISR
m Background enhanced at large cos(0,,) ® |SR results in wrong Q2
Js— EMS _pCMS
= Signal almost evenly distributed = Useful observable: r,= Hﬁ ety
2F
= Reject events with cos(8,;) - Gggeq > 0.8 = IfISR, r,= J_”
S

1 ] = Reject events withr,<-0.1andr>0.2
L 1927 pb™, Tagged Lepton: e

350 T

aTE L 927 pb*, Tagged Lepton: e
0300:_ E 900 T T
- S S - E
i NI
®2500 - :
g :%E ﬂ — m° 2-Octet Model g™
Hi2001- W}% — n 2-Octet Model 2600;- {
-} M —— qq continuum S ool :
150 ﬁﬁﬂq} — Y(3770) N E Y
ol 1{% i i — Rad. Return (J/W, W) %°F n
R T Ty 300/~ Lo
50_% ki ol lh H‘HL} : {i&hwﬂhﬁ% — MC Sum F S
e b 200 :
t L 100:
07" 08 06 -04 -02 0 02 04 06 08 1 =

cos(6 ) ob e

= Data/MC difference = Hadronic background almost completely removed

= QED background reduced
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Steps

L 1927 pb™, Tagged Lepton: e

~ 3501
S f — m° 2-Octet Model
[0} — .
=2 — n_2-Octet Model = Clear signals from 1°/ n —vyy
< —— (q continuum
2501 — WY(3770 ,
g I - Réd_ Re)tum YW m Data: Background underestimated
Laool-
.jf'fj : H — MC Sum 2> Use better MC generators
150(— ‘-
: = modified Babayaga@NLO
oE 1 = fwo-photon generator
50?— 1E1 il
s Iﬁfglﬁ.'_.?‘ﬂ% EIE
0 R, [} i o

004 0.2 0.3 04 05 06 07
Invariant Mass ( yy) in GeV/c?

= Study differential cross section da/dQ?
= Bin wise back ground subtraction
m Statistics from W(3770) data only sufficient for 1° TFF up to Q2 = 3 GeV?2

® [nclude large samples from XYZ searches
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for i° TFF

> 0% = Full Simulation
o B
£ o3 —}— ceLLo9 | Lint: 2.92 fbt
goasp o = Single Tag with both, e+
G oz T e e ‘ = Extract TFF for 0.3 < Q?[GeV2] < 3.1
0.15?— 1=
- oS Sk . .
0-15— } s e o m Expected statistical precision:
0.05- = Unprecedented below Q2= 1.5 GeV?2
I E R > Important for (g-2),,
Q? in GeV? . .
= Compatible with CLEO
Next steps:

m Study systematics

= | argest contribution expected from background subtraction

® [nclude high energy data

m Other final states
April 9, 2014 C.F. Redmer - Meson Transition Form Factors at BESIII SFB1044 Workshop, Mainz 21



ary

m BESIII is a good place to study time- and space-like meson transition form factors
= First measurement of Dalitz decays in the charmonium region

m 77 Physics program started at BES-I

® Single tagged measurements of space-like TFF of 1%, n, n'
m Significant contribution for Q2 < 10 GeV?

m First result for 11° expected soon

m 0.3GeV2<Q2<3.1GeV2covered
m Agreement with CELLO and CLEO measurements
m Unprecedented accuracy for Q2 < 1.5 GeV?

® Analyses of n and n' ongoing

= Long Term Plan Talk by Yuping Guo
" Tomorrow

m Measurements of scalar and tensor mesons

= Measurements of polarization observables
= Double tagged measurements

April 9, 2014 C.F. Redmer - Meson Transition Form Factors at BESIII SFB1044 Workshop, Mainz
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