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>Moftivation: ete - Uy

>Basics: Belle at KEKB

>Event selection and backgrounds
> Experimental challenges

> Generator and theory status and needs
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Motivation: ete- = u*u- at Belle

> Typical observables for ete = u*u:

= Total and/or differential cross section
= Forward-backward charge asymmetry A,

>At Belle: ~1ab' (@~10.58GeV) = 107 yu
> At Belle2: 50ab! by 2023 = 80x10° pu
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Moftivation: A

> Define observable:
Forward-backward asymmetry
A_.=(F-B)/(F+B), F=cos(8*/)>0, B=cos(8*/)<0
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Motivation: Improved Born below Z-pole

2s do
7 dcos(6)
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Motivation: Improved Born below Z-pole

%da

(ete” ') =
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Motivation: Improved Born below Z-pole
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Motivation: The past

hep-ex/0509008

>at the Z-pole:

" Ap~0,°0,7/(9,/+9,
(i.e. the "Z-term” of
the Born cross section)

>Pbelow the Z-pole:
= A~pd,9, (inferference term) - E, [GeV]

= Typical rel. unc. 10%, down to ~5% at ~58GeV (VENUS@TRISTAN)
= Typical backgrounds ~1%

= "Tradifional” tension between A_, and tofal cross section
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Motivation: Oblique parameter T

o\.? 20_lIIllIIHIIH.II”IIHIII.II._—thwat:-ry
— - MARK | 9
=
0 - MARK J FB 4\& S—M2 AJA
‘o PLUTO yes z
e —— TASSO
m = HRS
< ~ MARK Il
-#— MAC
AMY
- TOPAZ
-#- VENUS
PR R T T [ T TR T T NN SR TR T T NN SR S ST TR [ T T T T [ T R T
0 10 20 30 40 50 60
Vs [GeV]
1001 MM an(0%cy [+ T T T oS
ol —= APV Cs \ ///,,/ 1
1 Iz Opaar Ry Ry \ P ;/ ; ]
G e asymmetries ‘ . ,:; S —
M [E——— | 7 -7 _
0.5_—|_l R v:’cattering ! - /é://é/;f 7 ] -
. .| - — - — e scattering \ B . / 4 new A new
:|| L —c.7 : ] Apnew _ WW<20) CZHZZ <0> — al ~ G, T
- o_-' = MW<]‘ _ATW> 1 _ATW
[ :
-/l- . m
"1 - T
-05 [~ ‘ /, K / -
- - - -
T S ]
et ) Erierte }F/ Part Nucl Phys. 71 (2013))
s .-~ J. ErlerY'S. Su (Prog.Part.Nucl.Phys. 7 1
A0 Y v o 4 g . .y. I .( . .)).—
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
S

Torben Ferber | “Towards a Precision Measurement of the Muon Pair Asymmetry in e*e- Annihilation” | 11.04.2014 | Page 9



Motivation: Oblique parameter T
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Belle at KEKB in Japan

- >Asymmetric (3.5GeV/8GeV)
% c'e collider at KEK (Japan)

g >Data taking until 2010
£ >NMain physics:
rare decays and CPV (B, D)

>Integrated luminosity: ~1ab!

= 770x10¢ BB pairs at Y(4S)
= 1100x10° pp pairs
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The Belle detector
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The Belle detector
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Torben Ferber | “Towards a Precision Measurement of the Muon Pair Asymmetry in e*e” Annihilation” | 11.04.2014 | Page 13

CDC

driftchamber

V




Experimental strategy

AVISlble A 4 A AQED 4 A Adetector + A Abackground
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Event selection for ete =

AVISlble

Using the full unskimmed SVD2 Belle
data set (~0.7ab', 150TB@DESY)!

A%\g AAQED + AAdetector 4 AAbackgroun

—
*Acollinearity

*[nvariant mass (s’)
*Acceptance | cos(®) | «Uniform PID
A

*Avoid edges
*Uniform frigger

‘Remove Bhabha
‘Remove cosmics

*Two photon
.T+T— } <O.5%
\ /

Torben Ferber | “Towards a Precision Measurement of the Muon Pair Asymmetry in e*e” Annihilation” | 11.04.2014 | Page 15



Event selection for ete =

< 4 with CDC hits

= dz<b5cm, dr<0.5cm, no vertexfit

>p*M>0.5E

»2<nN

fracks

beam

>Opposite charge

> AcollinearityM < 10°

>|lcos®) | <0.75

>PID: ECL, dE/dx and KLM

> ATOF < &ns (if available)
- Signal efficiency: 43% (fight PID)
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Experimental strategy

AVISlble A 4 A AQED 4 A Adetector A Abackground
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Backgrounds

>COSMiC mMuons
= A (Cosmics)=0

>e'e = T'T with T- juvv

= A (T"T) the same as A_(u*W) in the SM, possible selection bias

>e*e = e*eu'Nn (electrons untagged) \é

= Az not well described by our MC (AAFHB) /&*

>e*e - e*e (Bhabha, electrons misidentified)

= huge A, dominated by t-channel QED conftribution
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Background: Cosmic muons

Eal
B good 88 L4

>Cosmic muons negligible
affer TOF and
acollinearity cut 107

events / bin
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Background

MC, Exp 35, normalized MC, Exp 35, normalized
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Background

not QED corrected

AR > T ~0.5% v
S wf —e 2o 1 seepy: ~03% v
% 01 — >etee’e: <0.01% v
Li.j 20;— x100 2 — > cosmics: negligible ./
10 1 >u/d/s/c: negligible
0L I o ld S Y(NS): negligible? v/
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Background: ete- = e*ey (Bhabha)

>0, =120nb (8“>15°) (compare: o, =1.115 nb)
>PID k.. /P, . <0.2 (both tracks):

= background fraction w,, =N__ /N = ~5x10°

ECL

MC, Exp 35, normalized
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Background: ete- = e*ey (Bhabha)

events

«10° €xample foy experiment

A, fit for 1000 toy experiments

/)]
c
| =3
- m [~
6 — 60 ’ 7
4~ — N_ _
i 1000x
2 = 10 .
L speeyewpesyeepeE T, 0 o 0 M | MR B T SR |+| h L 4
1.0 -0.5 0.0 0.5 1.0 0.75 076 077 078 079 0.80
cos(6M) p\Bhabha

Resulting A, bias from remaining Bhalbha backgrouna:

AA (ee - e*ey)

=-3.8x10°
o(AA(ere — etey)) =2.3x10° (MC staf.)

Y

o(AA,) currently dominated by uncertainty of background fraction w
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Experimental strategy

AVISlble A 4+ AAQED 4+ AAdetector Abackground
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>Mostly cancel (for ® symmetry):

= Charge misidentification
= Tracking efficiency

= Trigger (L1, L3, L4)

= Particle ID

> Do not cancel (even for €*=¢€"):

* Track resolution

> Other (systematics)

= Beam energy

= Beam energy spread

= Beam polarization

W | AW

N
\
-0 / N 0

A, from detector asymmetry:

£(0) = g(-8) ?

H," M,
A, from detector asymmetry:

€(cos(8%)) = g(cos(69))

Torben Ferber | “Towards a Precision Measurement of the Muon Pair Asymmetry in e*e- Annihilation” | 11.04.2014 | Page 25



Experimental strategy

D

AVISlble ./4 H_ A AQED Adetector + A Abackground
\ /
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Electrowedak radiative corrections

> Use KKMC+detector simulation to model
acceptance

MC
' ED D;
>Correct for QED effects: £9FP = ——
improved Born
D 7
Comput. Phys. Commun. 130 (2000) 260
Phys. Rev. D63 (2001) 113009
Feature KORALB KORALZ K 413 JCK 2000+7?
QED type O(af} EEX CEEX, EEX CEEX, EEX
CEEX(ISR+FSR) none none {a,al;a?L? a?L1} {...a?L1;a*L3}
EEX(ISR*FSR) none {a,al,a?L?}]| {a,al,a?L?, a%L3} || {...a%L?,a%L3%}
ISR-FSR int. O x) O ) {o, “L-}CEEK {ov, D"L}CEEJ{
Exact bremss. 1~ 1, 2coll. ~y 1, 2, 3coll. ~y up to 3
Electroweak No Z-res. | DIZET B.x DIZET 6.x New version?
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Electroweak radiative corrections: Tools

> (Semi)analytical tools; topfit and ZFITTER

hep-ph/0203220 Com.Phys.C. 133 (2001) 229-395

- with T. Riemann hep-ph/0202109 Com.Phys.C. 174 (2006) 728-758

= topfit: Complete electroweak one-loop radiative corrections incl.
final state masses (+LoopTools2.10)

= ZFITTER+DIZET: A_, (with cuts) at two-loop weak, final state masses
only for kinematics

>MC tools: KORALB and KKMC (and PHOKHARA?)

= KORALB: Complete electroweak one-loop

> debugging (A, wrong by a factor 2 for certain flags) and compilation with
Z. Was (unfortunately: KORALZ EW part not working!)

= KKMC+DIZET: Default uu and Tt generator at Belle
> “same” weak corrections as ZFITTER, NLO QED+CEEX
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Electroweak radiative corrections: Plan

1) Reproduce topfit* numlbers for
tau pairs at 500 GeV (12 digits)

“unpublished private code Diff. Cross Sectione” e > 1" © (y), Vs =0.5and 1 TeV
1 | | T
r Born ]
2) Produce topfit numbers for muon g
pairs at 10.58 GeV - -
] B socev
3) Compare topfit to ZFITTER 8
(one-loop): need final state mass?  §
4) Use ZFITTER to investigate -
' hep-ph/0307132
systematics and control KKMC 001 | e ohiai0
10° events (generator only): ! 03 0(9) 05 1

~5000 CPU hours (NAF2.0)
~1TB disk (tfemp., on SONAS)

- ~30h
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> A, Is sensifive to the p-parameter at Q=10.58 GeV

= complementary to parity violation experiments

= complementary to "LEP-era” precision physics

>Belle: A, with a relative stat. precision of 1%

= Understand detector effects and backgrounds atf the <104 level
= No show-stoppers yet (but a painful way to go...)

>Belle 2: A_, with a relative stat. precision of 0.1%

= Needs input from Belle to adjust low-multiplicity triggers, fracking,
cosmic runs, background MC production, ...

>Belle 2 will start physics run in 2016, 50ab™! by the
end of 2023



Questions

>PHOKHARA

= QED status to crosscheck the QED part of KKMC?
= /-exchange in PHOKHARA?
“Y(1/2/3/4/5S) in PHOKHARA?

> Generator for ete —» eteutu?
= AAFHB has no Z exchange and no higher order corrections

>\What else can be done with sooo many muons?
= Exlusive ete” = uu(1/2/3y)?
= Radiative return?
= o (10.58 GeV)?

QED

= Try EW precision with Taus: Tau polarization and asymmetry?
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Backup
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Belle 2 at SuperKEKB

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
intillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

EM Calorimeter:
Csl(TI) + waveform samp in

\
Pure Csl + waveform samp

ication
ation counter (barrel)

electrons (7GeV)  Aerogel RICH (fwd)

p
Beryllium beam pipe
L 2.4 cm diameter

~

z SO Goal of Belle Il/SuperkEKB r
é Vertex Detector .
375 4o 2 layers DEPFET + 4 layersI positrons (4GeV)
38 Lof 50xBelle el \
o 't VUVALIUITV /_/
g 20 /
= g .

10f 7~"9 montns/year Central Drift Chamber

E 20 days/month

x10% O He(50%):C2He(50%), small cells,
2 gk Commissioning starts in ecrly 2015, " long lever arm, fast electronics
O~ E
£ 4
35 o L
[} F
S
o 2012 2014 2016 2018 2020 2022

Belle: o__(A.,)/A., = 1% — Belle 2: o__(A_)/A_ = 0.1%
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Belle detector acceptance

detector total forward barrel backward
CDC 17° — 150° — 17° — 150° -

ACC 17° —127° 17° — 34° 34° — 127° -

ECL® 12° — 155.1° 12° —31.4° 32.2° —128.7° 130.7° — 155.1°
KLM (inner) 25° — 145° 25° — 51° 51° — 117° 117° — 145°
KLM (outer) 17° — 155° 17° — 51° 51° — 117° 117° — 155°
TOF 34° — 120° — 34° — 120° -
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Tau polarization

Phys.Lett. B403 (1997) 155-162
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