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PEP-1I and the BABAR detector at SLAC

PEP-II

@ asymmetric e™ e -colliders

e /s =10.58GeV = 7'(4S)
= above BB-threshold

‘Superconducting
Solenoid

BABAR detector
@ multi purpose detector
o data taking: 1999 — 2008:
o Lj =531fb~1
Lint(Y(4S)) = 454 b1 y
~ 4.7-108 BB pairs Vertex Tracker (S\T)

H Detector (IFR) Central Tracker (DCH)

v
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BUT, there is more...

Initial State Radiation (ISR)-Physics
o high energy v,;sg = lower cms energy
e produce vectors: JP¢ =17~

@ measure opad
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Physics at B-factories

BUT, there is more...

Initial State Radiation (ISR)-Physics

Y
had. Vacuum Polarization
q - XQCD
had, VP @
= alL . q Gluon

aQep ~ o)-~poed
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Physics at B-factories

BUT, there is more...

Initial State Radiation (ISR)-Physics

Y
_ had. Vacuum Polarization
e q - QCD
had, VP @V
Vs = alL ’ . 9 "7Gluon
e \/s' = Ecm K agep ~ 0(1)= DD
~y~v-Physics
e ~ e produce JPC =0—F, 0t 21+
@ measure meson photon transition FFs
et 24

= low-energy hadron Physics (u-d-s-quarks) at BABAR
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Physics at B-factories

BUT, there is more...

Initial State Radiation (ISR)-Physics

Y
- had. Vacuum Polarization
e q 47 QCD
had,VP @ v
\/g = all« ’ . q Gluon
e+ \/s' = Ecm ® aow%o(l)ﬁm
~y~v-Physics
o
g had,LbL
= aua T
e™ 2

= low-energy hadron Physics (u-d-s-quarks) at BABAR
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Meson-photon transition form factors

had,LbL

Meson photon transition form factors for a;
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Meson-photon transition form factors

Selection for meson-photon TFF at B-Factories

e
257
B

e™ 2

Amplitude for vy* — P transition contains unkown function:
transition form factor (TFF): F(q?, q3)

F(q?,q3) at B-factories in single tagged analyses:
e one e along beamline = g2 ~ 0

o other e detected = Q% = —¢? > 4GeV?

@ pseudoscalar (P) meson fully reconstructed
= kinematic constraints to reject background
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Meson-photon transition form factors

Selection for meson-photon TFF at B-Factories

e .
257 single tag €
—_—

Amplitude for vy* — P transition contains unkown function:
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Meson-photon transition form factors

Why is the form factor interesting?

*

Y

;.f; e T: Hard scattering amplitude (pQCD)

o x: fraction of meson momentum
i carried by one of the quarks

5

F(Q?) = / T(x Q%) 6(x. Q)dx

P @ ¢: Meson distribution amplitude

Meson distribution amplitude ¢
@ important role in theoretical description of many QCD processes:
v = atnT,yy = wm, B = wly, - - -
@ shape (x dependence) not known
@ evolution with @Q? predicted by QCD

= test ¢ shape models with F(Q?) data!
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79%-photon transition form factor

03[ =
0.25F E

0.2 ‘ . 3

3 H_+ BL-limit | asymptotic limit from pQCD:
i ; lim ey Q2F(Q?) = V2,
I +CcELLO

+CLEO |
| [Brodsky, Lepage, Phys. Lett. B 87, 359 (1979)]

n:‘u‘Mu‘\uu\uH\HH\HH\HHMHF
0 5 10 15 20 25 30 35 40
Q*[GeV?]
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Meson-photon transition form factors

79%-photon transition form factor

0'2? ‘ Lt ++ N El
L + BL-limit
0.15F { : B
fuu ]
0.1jil +CELLO
r +CLEO
0.05] + BaBar

n:uuMuw\uu\uu\uu\uu\uuhuf
0 5 10 15 20 25 30 35 40

Q*[GeV?]

BABAR measurement:
@ systematic uncertainty: 3-6%

0 4GeV? < Q%2 < 9GeV?:
reasonable agreement with CLEO
° @2>10GeV?:
PQCD: limgz o, @*F(Q2) = v2f;
= asymptotic limit exceeded!

= triggered a lot of theoretical work

> 200 citations since 2009
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Meson-photon transition form factors

79%-photon transition form factor

- 4

0'2;‘ [ gt ’F}_T

T Jimit ]
05 {W“}*‘ BLjimit
C i ]

+CELLO
+CLEO
~+BaBar ]
+ Belle

= triggered a lot of theoretical work and a new measurement at Belle:

PN B |
30 35 40

Q*[GeV?]

BABAR measurement:
@ systematic uncertainty: 3-6%

0 4GeV? < Q%2 < 9GeV?:
reasonable agreement with CLEO
° Q%>10GeV?:
PQCD: limgz_,o, @*F(Q?) = V2f;

= asymptotic limit exceeded!

o disagreement with BABAR at large Q2

@ BUT: also exceeds asymptotic limit

@ slope in better agreement with pQCD

= need more data/experiments
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n/n’-photon transition form factors

0 0 / +

n— 7ta w0, w0 — vy n =TTy, — vy
O35 e =0.35
) 3
e f ] ) ]
= 0.3; J = 0.3F BL- ||m|t
g ] <
W 0.25 - “_-0.25
E ] % ﬁ‘:ih*ﬁ%:
0.2 ) I = 0.2
L T ]
015 Hﬁgﬁﬂi‘lr + { BL-limit - 015
0.1fJi —f 0.1 4
L + CLEO ] L -+ CLEO
0.05 } —+ BaBar 0.05 } —+ BaBar
%o s a0 2530 .35 40 %o s a0 25 30 .35 40
Q*[GeV?] Q*[GeV?]
systematic uncertainty: 2.9% systematic uncertainty: 3.5%
1n-FF approaches asymptotic limit 1’-FF below asymptotic expectation
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Status of g, —2: had. LbL aBl = (10.5+2.6)-101°

= LBL:

@ evaluation not as straight forward as for VP:
= models: relate measured 7°/n/n’ TFF to hadronic LbL term

e Q2 > 4GeV?: B-factories dominate the uncertainties:
70-puzzle should be solved = Belle-2

@ most relevant input for al';BL: low Q2 region
= BESIIl, CMD3, SND, MAMI, ...
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Hadronic cross sections at flavor factories

had,VP
I

Hadronic cross sections for a
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Hadronic cross sections at flavor factories

Experimental input for azad
Optlca| Theorem Energy scan
q o CMD & SND@QVEPP-2M &
/\/’/\, VEPP-2000, Novosibirsk
g o BES-I & II, BEPC, Beijing
_'E 0’
E 4
& 10”7k
10" L
07
10-8 | L sl
1 5 Vs [GeV ]
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Hadronic cross sections at flavor factories

had

Experimental input for a),

Optical Theorem Energy scan
e e CMD & SNDQVEPP-2M &

q
,\/O/\I <:::> >,\/<E VEPP-2000 in Novosibirsk
q et o BES-III@BEPC-II in Beijing

Initial State Radiation

ohad[mbarn]
L

o KLOE@QDA®NE in Frascati
- o BABARQPEP-II in Stanford
1 5 Vs [GeV ] o BES-III@BEPC-II in Beijing
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Hadronic cross sections at flavor factories

Initial State Radiation (ISR) events at BABAR

e (9GeV)
b ISR/ :;
Vs =10.6 GeV hadrons = =
. hadrons BABAR
et (3GeV) \
ISR selection
@ Detected high energy photon: E, > 3 GeV
— defines Ecy & provides strong background rejection
@ Event topology: ~isr back-to-back to hadrons
— high acceptance
@ Kinematic fit including ~isr
— very good energy resolution (4 — 15 MeV)
@ Continuous measurement from threshold to ~4.5 GeV
— provides common, consistent systematic uncertainties
DPG 2014
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Hadronic cross sections at flavor factories

Initial State Radiation (ISR) events at BABAR

e (9GeV)

et (3GeV)

v
b ISR ‘! :;
/s =10.6 GeV hadrons = e =
. hadrons BABAR
ISR selection
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Hadronic cross sections at flavor factories

ISR analyses at BABAR

e

published
ete” >t~ PR D 86 (2012) 032013, PR L 103 (2009) 231801
ete” - KTK™ PR D 88, (2013) 032013
ete™ — ¢£(980) PR D 74 (2006) 091103, PR D 76 (2007) 012008
tem ot PR D 70 (2004) 072004
ete”™ = KTK™n, KTK—=n°, KgKiW:F PR D 77 (2008) 092002, PR D 71 (2005) 052001
ete” = 2(rtrn™) PR D 85 (2012) 112009, PR D 76 (2007) 012008
ete” -5 K"K n%n® KYK—ntn™, 2(KtK™) PR D 86 (2012) 012008, PR D 76 (2007) 012008
ete” = 2t )l 2t T ), KTK 7 KT Kt PR D 76 (2007) 092005
ete” = 3(rtr7), 2(r T 70), (T AT )K T KT PR D 73 (2006) 052003
ete™ — pp (small \/5) PR D 87 (2013) 092005, PR D 73 (2006) 012005
ete” — pp (large /5) PR D 88 (2013) 072009
ete” — AA, AX0, 3050 PR D 76 (2007) 092006
ete” wcc— ... g
ongoing analyses
ete™ = KK, KKt KOKnt ™ KOKOKT K=, ntn = n%7%, KOKEnF 7%/
SRS



Contributions of exclusive final states to g, — 2

Contributions of different energy regions to the dispersion integral

206y, o — E < 1GeV region dominates
B Gy — 7t~ channel needed!

2.0 GeV

1.0 Ge
ai‘fd Integral
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Hadronic cross sections at flavor factories ete” - ntn™

mtm™ cross section
—_ T T — .
£ = TOF + KLOE10 :—g r 4+ OLYA  * KLOE10 ]
E + OLYA °SND  —<.—1400[ CMD  *SND ]
£ s CMD + DM1 E ‘k r - CMD2 - DMH b
r * CMD2 - DM2 1 +1200— %+ KLOEO8 ° BABAR —
E4 + KLOEO8 ° BABAR 3 bk F Average -
£ Average A 1000} o {
E E 1 ]
F ; ] sooiﬁi‘ .
L ey 4 F 1
1= = L i
U 1 e ”‘Tr_? -
4L efeon'm + 4- B ] F ]
107 ST ﬁ NF{» ah ; a00- s
ol AN S IS S R N SNSRI S S S coec e e b e e b e 1
0.5 1 1.5 2 25 07 072 074 076 078 08 0.82 0.84
\s [GeV] \s [GeV]
o p peak

@ p — w interference

@ Dip at 1.6 GeV: excited p sta
@ Dip at 2.2GeV

o Contribution to ah: 75%!

Andreas Hafner (JGU Mainz)

Systematic Uncertainties (p-region)

BaBar:  0.5%
tes CMD2: 0.8%
SND: 1.5%
KLOE: 0.8%
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Hadronic cross sections at flavor factories ete” - ntn™

+

T Ccross section

IF [/ fit-1
S o o
< — %)

A RARRNRBRRN RRRL

BABAR Fit
° KLOEO5
+ KLOEO8
+ KLOE10
¢ KLOE12

-0

T

-0.1
-0.15

_02 1 1 1 1 1 1 1 1 1
0. 0.55 0.6 065 07 075 0.8 0.85 09 095 1
\s’ [GeV]

.5

o KLOE and BABAR dominate the world average
@ Uncertainty of both measurements smaller than 1%

@ Systematic difference, especially above p peak

had

o Difference — relatively large uncertainty for aj;
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T~ cross section

- 0.2 T T T T T T T T T ]
= E BABAR Fit 3
= O3F © KLOE05 3
o1 F + KLOE08 7
1
w01 » KLOE10 1
0.0sF | = KLOE12 3
-0 — 4 ;
-0.05 ﬂ«]— 3
o1 3
E } E

Need to solve this discrepancy!

UJ UJJ UU UOJ U7 U.70 US US) UY UIT T

\s’ [GeV]

o KLOE and BABAR dominate the world average
@ Uncertainty of both measurements smaller than 1%
@ Systematic difference, especially above p peak

o Difference — relatively large uncertainty for azad
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Recent results

Contributions of exclusive final states

Contributions of different energy regions to the dispersion integral
1.0 GeV
00 GeY, 20GeY, o Precise measurements
’9 5 (jc\/v 3.1 GeV :>
e 206 1GeV < E < 2GeV needed!
1.0 GeV,
Integral azad Uncertainty? Jazad )
a8 3 =
T ks . |
& \ = Other channels important!
£ oL/
810’/ -
g g o KTK
7]
O 10
E o KIK?
1E — —
o Tty
- o ntrnd
10? o 7070
Ecyt = 1.8GeV

)
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Recent results

Contributions of exclusive final states

Contributions of different energy regions to the dispersion integral

. Precise measurements
1GeV < E < 2GeV needed!

0.0 GeV, oo
9.5 GeV

3.1 GeV
2.0 GeV

d

10 Gv\[h
El
Integral a;

Uncertainty? 63';3‘1

a ¢

g"w? = Other channels important!

8 o KTK-

3

5" o K2K? |wi|| be presented
h: ottt

! o mtn— 70

vorbe Sl L JGT 1L VR LY o 7r+7r—7r°7r°| no recent results|

2E, GeV

Ecut = 1.8GeV

Andreas Hafner (JGU Mainz) ISR at BABAR DPG 2014 18 / 26



Ve = [ K-
Cross section o(ete”™ — KTK™)

Cross section (nb)

Andreas Hafner (JGU Mainz)

ey R =y S LA
10
102 Linp=232fb~1

i
OEf-

e '.” J/ap and (2S)

E I ww»’.w regions excluded
1otg f Wﬂ

i i
102 Lig ﬁr

EBare cross section including FSR ++
1()'3?\HH\HHMH‘\HH\HH\HH\H‘jﬁH

@ uncertainty: 0.8% near ¢ peak!

[
%
=]

10*

10

T

4

I BRI B Lol
1005 101 Tois 103 1025 \/_1 035
( GeV)

—_

o efficiency obtained from simulation [Kiihn et al., EPJC 18 (2001),497]
— data/MC corrections of utmost importance:

trigger, tracking, particle-ID

@ ISR effective luminosity from ppy(y) as in 77~ study: KK/uu ratio

ISR at BABAR
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Ve = [ K-
Cross section o(ete”™ — KTK™)

I~ S L B B B L B B .«_,_g104zuuHHHHHHHHHH‘HH‘HHE
£ BABAR - =] £ BABAR 3
£ PR D 88, 032013 (2013)] r ]
% Liny=232fb"1 E 10° 3
s 4 E E
S 3 r ]
J/p and (25) 10* - =
’,‘,W‘W. regions excluded 3 £ ]
ﬁ Mﬂ* f ﬁ“ % 100 =
et E F E
f"‘ef'f"s‘s‘S‘e?t"“""""‘c"”fj""g‘F§Rw"mmﬁ#& L]
L5 2 25 3 35 4 1 1.005 1.01 1.015 102 1.025 1.03 1.035 1.04
Vs (GeV) Vs’ (GeV)
03¢ T ] 03¢ T ]
- E BABARFit  J - £ BABARFit
& 02F + CcMD2 - & 02 ¢ SND B
=, E only stat. error J =, E only stat. error]
= 0.1 - = 01 -
oF e o e
01F = 0.1
-02f E 021~
_03:””\HH\HH\HH\HH\HH: _03:””HH\HH\HH\HH\HH
1 1.01 1.02 1.03 1.04 1.05 1.06 1 1.01 1.02 1.03 1.04 1.05 1.06
Vs’ (GeV) Vs’ (GeV)
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Ve = [ K-
Cross section o(ete”™ — KTK™)

R o S S A I R IR 3 w100 E IBRARERRE!
g BABAR 2 BABAR 3
£ PR D 88, 032013 (2013 [ ]
g Ling=232fb1 100 -
g E E
] L ]
'.,’ J/p and (2S) 4 1025 =
w. ‘,, regions excluded 3 7+ 1
iy ]
il compatible within calibration uncertainties 4
] || E
t luding FSR ]
ﬁ"‘efl':s‘s‘S‘e;"?‘";";“‘ AT + ‘ T
- 025 103 _1.035 104
o structure due to ¢(1020) mass differences Vs (Gev)
O = = T T
— E BABAR Fit E — E BABAR Fit E
& 02 ¢ CMD2 — & 02 © SND B
=, E only stat. error J =, E only stat. error]
= 0.1 - = 01 -
oF e o e
0.1 = 0.1
02F E 02k
O3 T e e ted 10s 106 O3 e T e s Tod 105 106

Vs’ (GeV) Vs’ (GeV)
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Ve = [ K-
Cross section o(ete”™ — KTK™)

I~ S BN LR L B B I B .«_,_g]()4zuuHHHHHHHHHH‘HH‘HHE
E P i9(1020) BABAR e F BABAR 7
£ PR D 88, 032013 (201 [ ]
% ‘ Lim=232fb~1 10 =
ENTY F £
5 10?| \,M‘ F 1
1?‘ N J/p and 1(2S) - 10? *+ =
1 E W""’ V. M regions excluded 3 E 3
107 £ ]
g M“W*JVS CMD2: 20 vs. SND: 10’|
102 T F i
103: are cross section including FSR j + B
'?\HH\HH\HHHH\HH\HH\HH\HH R T T T B B B B
L 15 2 . ; . . 02 1.025 1.03 1.035 1.04
0 difference in absolute normalization Vs (GeV)
O T T | U3 T T T T
— E BABAR Fit E — E BABAR Fit 1
& 02 ¢ CMD2 — & 02 © SND B
=, E only stat. error J =, E only stat. error]
=" 0.1 - =01 =
= E 0 E
0.1F - 0.1F
02F — 0.2F }
_03:””\HH\HH\HH\HH\HH: _03:””HH\HH\HH\HH\HH
1 101 102 103 104 105 106 =1 101 102 103 104 105 106

Vs’ (GeV) Vs’ (GeV)
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Ve = [ K-
Charged kaon form factor at large Q?

Predictions based on QCD in asymptotic regime (Chernyak, Brodsky-Lepage, Farrar-Jackson)

@ Power law: Fx o as(Q?)Q~" with n =2
—in good agreement with the data (2.5-5GeV n = 2.10 + 0.23)

@ HOWEVER: data on |Fk|? factor ~ 20 above prediction!

@ No trend in data up to 25 GeV? for approaching the asymp. QCD prediction
10? g

T T LA B L RN RN

i CLEO E
& 10g BABAR -
E> Fit 3

1 \ —— asymptotic QCD prediction —

107 & é&@gﬁ}f%{ .

F hkis E
0 it __—
10° é_ e _%
104 E Fi(@?) = 8rf2as(Q?)/Q? -

= K 3
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Recent results ete” »atn ntn™

Cross section o(ete” = ntn ntn™)

I~ ¥ [
£ oCMD v M3N
2 mCMD2 & DMI
o s v 3k ADM2
’ o BaBar 2005
N © BaBar 2012
30f
! I
o
+0
% r $
°h
20l &«
N
1000
150
10f
s
0 1 F I Tt Sntestassnssageses
1000 1500 2000 2500 3000 3500

Egy (MeV)

@ BABAR 12: 2.4% uncertainty in peak region

@ various experiments agree
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Ve = [

Cross section o(ete™ — KIK?)

« ~ T T T T
22000} ‘ ] =2 : ® — CMD-2
> BaBAr T b PRELIMINARY , <
© PRELIMINARY o v - o1
§1500, N : 00— OLYA
2 R 4 B — BoBar =
Tyt
i ﬂﬁ i '&
1000~ 8 - f ‘ -
o’ gt
500} ] 0l [Radtliet
L [l " -3, N A | - - " N n
1 1025 105 1075 10 12 14 16 18 2 22
m(KK,) Gev/c® E,_ (GeV)
FeeByoxo = 0.4200+0.0033+0.0122 £ 0.0019  systematic uncertainty:
¢ TKsK]
e within 1o wrt CMD-2 @ ~ 10% for o > 0.5nb
@ syst uncertainty: 2.9% @ ~ 30% for 0 < 0.5nb
@ dominated by trigger @ dominated by bkg-subtraction
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are= = RS
Cross Section of ete™ — KK~

PRELIMINARY

o(K K, n') (nb)
T
=
L

+++*++*’f++++ t

4 1 1
1 2 3

++++AMU ot
i

4
E  (GeV)
By kgkdnin- = (3.7£0.6+£0.4)-107°
15 measurement

Systematic uncertainty dominated by background-subtraction procedure:

@ ~ 10% in peak region

@ Increases to ~ 30% at 1.5 and 3 GeV

@ ~ 100% above 3 GeV
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eteT = KsKgmtm™ [KsKSKTK™

Cross Section of K?K7" 7~ and KPKOKT K~

O(K K r') (nb)

=
=
T
e
——

02

4 #

PRELIMINARY

)

't

K+K) (nb)

SKS

L
o(K
g

001 [~

R
0 00 ure

0

1 W[ +H " ﬁ*fﬂﬁ

PRELIMINARY |
J/p excluded

1 2

3

4
E ., (GeV)

E,,, (GeV)

By kKt n- = (1.680.16+0.08) - 102 By, poxapcs - = (0.42+0.08£0.02) - 1073

@ ~ 5% in peak region

@ Increases to ~ 20% at 1.5/3 GeV
@ ~ 50— 70% above 3GeV

Andreas Hafner (JGU Mainz) ISR at BABAR

15* measurement

Systematic uncertainties:

@ ~5%

@ stat. error dominates
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Impact on g, —2: had. VP

had,VP
u

\

53230'7 vP KOK? isospin

K+K_\\‘
e

0

atr—w0rx

rte—ntw
T T

data from Davier, EPJ C 71, 1515 (2011

Andreas Hafner (JGU Mainz)

0

Recent results

aVPLO = (692.3+4.2)-10710

channels estimated with isospin rels

largest contributions: KK7 and KKnx

040
KSK;
BABAR not evaluated, yet

KTK~
BABAR reduces §aj??(K™K ™) by factor 2.7

ot ntn—

BABAR reduces daj (7 7)) by 40%

+ 0 -+ 0.0

™, , T T
wait for BABAR BESIII, and CMD3 results
—

ISR at BABAR

T oo




Summary & outlook

. . had,VP
hadronic cross sections for a,f ’

theory

and thus a,

@ still dominate the uncertainty of azad

o ete” watr ata™ KTK=, KIK? : well under controll

challenge between ISR and scan experiments continues
e ete™ > w7070 = BaBar, CMD3, BESIII

o ete™ = ntr 7% ntr~ = CMD3, BESIII, (BABAR 777)
= validation is essential!
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$(1680) — KOKO

Is it $(1680) ?

(KK, ) (nb)

BABAR preliminary

O(S) i | P(s) A.;z(mzn)

3/2

P(s) = ((slz)2 1 min)

1 T(m®)- m’+/o,- m
T s-m’ +iwaI‘(s)

1 15

E_, (GeV)

(KK, ) (nb)

} BABAR preliminary

P (s)
!
I(s)=T" > B,-
Ef: T Py(m))

Awm) = A‘Q +A, - Ap,

0,=0.46 +0.10+ 0.04 nb

m = 1674 + 12 + 6 MeV/c?

T, =165+ 38 + 70 MeV

¢ =3.01+038—fixedtom

Opyg =0.36 £0.18 nb

Tee® By = 14.3£241+1.5+6.0eV

Andreas Hafner (

U Mainz)

2

502 —+A—X' ei‘p"'Abk
57" [y/P(m,)  ~/P(my) 2

f ¥ K* K7¢na¢msKsK;_

ﬁ:m (Gev) Simultaneous KK, and K*K- (and xxt) fit is needed to separate
1=0,1 states and w(1420, 1650), p(1450,1700) contribution .
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¢(1680) observations in other channels

What we know about ¢

10

7.5

25

i

Andreas Hafner

(1680)

m(p(1680)), (GeV/c?)

= Eﬁ%aﬂg%zxkgl(,, I(s) 10 — R gﬁﬁa&@&&z)(KsK“ T(s))
——  BaBar(2011)(¢x"%, [(s)) ——  BaBar(2011)($=*x, I(s))
= PDG(2010)(Our estimate) o = PDG(2010)(Our estimate)
= Belle(2009)(¢n " . no T(s)) v Belle(2009)(¢pn x, no ['(s))
—_ BaBar(2008)(KK +¢m, I(s) ——— BaBar(2008)(KK +¢m, [(s)
“—om DM2+DM1(1988)(I'(s)) 5 ——  DM2+DMI(1988)(I'(s))
o DM2(1988)(K Kx) | DM2(1988)(K¢Kr)
— DM2(1988)(K'K") A —_ DM2(1988)(KK)
== DM 1(1982)(hadrons) I -7 DMI1(1982)(hadrons)
= DMI(1982)(KKm) - DMI(1982)(K¢Km)
® 155 1.7 175 18 185 19 195 2 nl) 0.1 02 03 04 05 06 07 08 09

C($p(1680)), (GeV)

Energy dependence significantly increase width.

BaBar has measured ¢(1680) parameters in major decay modes:

$(1680) 2 KsKn, KKa? (K*K), ¢m, ¢mrr, KgK| (preliminary) - still no info in PDG

Mainz)
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Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001)) . .
o First column (4 entries/event):
B 1.0- 1.4 GeV/e*
= 5000
: DATA a1(1260)
g MC -
-] 1 | 1
5 1 2 3 4
14-18 GeV/e*
10000
1 1 1
12 3 4
- 18-23Gevict
2000
'I 1
1 2 3 4
23-3.0 GeVic
1000
500 ;/
1 1
ER (]_26 )1 2 3 4
3.0-45GeVic
200
1
1 1
12 3 4
M, (GeV/c)
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Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001)) . .
o First column (4 entries/event):
B 1.0- 1.4 GeV/e*
2 so00 DATA |50
a1(1260
g /\ MC (1260)
g 1 | ! 1 Lol
S 12 3 4 05 1 L5 2 25
b Y e i 0 Second column (4 entries/event):
bt Y strong p° contribution
1 1 1 1 1 1
12 3 4 05 115 2 2 e.g. for Max > 1.4GeV/c?:
400 T .
f 1823 Geve 1/4th of entries in p° peak
20001 5000 0.0 : .
P p p- is forbidden
p " 0.
T B —pin each event!
23-3.0 Gevict i
1000 20000
50027, 1000
31(126 )1 P ; 4 o{s 1 1:5 2 25
3.0-45GeVre
200 s00-
. e
1 1 1 1 1 1
1 2 3 4 05 1 15 2 25
M, (GeV/c’) M, (GeV/c’)
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Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))

o J First column (4 entries/event):
3 1.0- 1.4 GeV/e*
= 5000 DATA <00 1000f
2 a1(1260
3 /\ MC ( ) b
E 1 1 1 1 1 1 1 1 1 1
15 1 2 3 4 05 1 15 2 25 05 1 15 2 25
ok T I RO b Second column (4 entries/event):
1000) ) .
1o ! strong p° contribution
1 1 1 1 1 1 1 1 1
2> 4 05 1 /15 2 25 os 1 15 2 25| e.g. for My > 1.4 GeV/C2:
A I o 53(980) 1/4th of entries in p° peak
e P w4 p°p° is forbidden
y . 0.
: 2 ; 4 0'5 ; 15 ; 25 0!5 ; 15 ; 25 _> p n eaCh event! )
000E- 23-3.0 GeVic ook p f29.270) \
500E 7 1000 E " b

h Third column (1 entry/event):
31(126 )1 2 3 4 05 1 1Ii 2 25 05 1 15 2 25

o N | W
1 1 1 1 1 1 1 1
1 2 3 4 0.5 1 15 2 2.5 0.5 1 15 2 25
M,, (GeVie) M Geviey  ———m, vy | (1270), a1(1260), £(980)...7
[MSther_ M, | < 25 MeV/c?

27 lie within p° mass
— other 777~ 's mass plotted

8
g
T
2
T
..-
T
_—
=
A

— Partial Wave Analysis needed

v
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Backup

79-photon transition form factors

| o ceuo | e systematic uncertainty:
~ A CLEO B - .
| ® BABAR + efficiency (trigger): 2. 5%

bkg (ete™ — ete 7%7%): 0.3 - 6.0%

QUIF(QY)I (GeV)

+ ; 4
02 || #%¢+++ | ] model uncertainty: 1.5%
M% T 0 4GeV2 < Q2 < 9GeV?:
o1 ] reasonable agreement with CLEO
: | 0 Q2>10Gev?:
Yo T ‘1‘0‘ B ‘2‘0‘ B ‘3‘0‘ T PQCD: IimQZ._m.o QZF(Qz) - \/ifﬂ-
Q* (GeV?) = asymptotic limit exceeded!
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Backup

79-photon transition form factors

@ systematic uncertainty:

*g é%éi . efficiency (trigger): 2. 5%
[ + o 1 bkg (eTe™ — ete n070): 0.3 - 6.0%

model uncertainty: 1.5%

0 4GeVZ < Q% < 9GeV?:
reasonable agreement with CLEO
° Q2>10GeV?:
pQCD: limgz_,., Q*F(Q?) = V2f;

o 10 20 0 = asymptotic limit exceeded!
Q’ (GeV?)

QUIF(Q)I (GeV)

o
)

0.1

= triggered a lot of theoretical work & a new measurement at Belle
> 200 citations since 2009
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n/n’-photon transition form factors

n— nta— 70 n —rta” 7717—>'y'y
§03 — §04 e
@ (a) Yy—n @"/ 7 (b) Yyou ]
N@ ‘ N@ 03 ]
o2 b | = &L [ ]
< *4*+ + _+_ ° g‘f’#%%_
et + 02 b 1
0.1 F E r 1
0.1 — |
A CLEO r 4
r A CLEO
® BABAR [ BABAR
0OHHlO””ZO””}O””‘tO 00 10 20””30””40
Q* (GeV?) Q* (GeV?)
systematic uncertainty: 2.9% systematic uncertainty: 3.5%

dominated by model unc. & 7% rec.  dominated by model unc. & 7 rec.
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n/n’-photon transition form factors

n— ata—n0
03
(2)

Q’F(Q) (GeV)

(=]
[S]
T
—
4
i
"

0.1 - B

A CLEO (Yy—m)

O CLEO (e'e = my)

® BABAR (Y'y—1)

B BABAR (e'¢ - ny)
Lol n

Ll
2

10
Q* (GeV?)

10

systematic uncertainty: 2.9%

dominated by model unc. & 7 re

1-FF exceeds asymptotic limit

Andreas Hafner (JGU Mainz)

n = atrTn,n — vy
04— ‘

(b)

Q’F(Q) (GeV)

A CLEO (yYy—1)
[ O CLEO (e -1y
.
(]

0.1 -

BABAR (y'y - 1)
BABAR (¢'e’ - 1'y)
n TR | n

Ll
2

10
Q* (GeV?)

10

systematic uncertainty: 3.5%
c. dominated by model unc. & 7 rec.
1’-FF below asymptotic expectation
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