Search for Lepton Flavor Violating
Upsilon Decays at BABAR
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Introduction

® | epton flavor violation (LFV)

» not forbidden by SM gauge symmetry
o most new models naturally include LEV vertex

°

In SM, LF is conserved for zero degenerate » masses

Now we have clear indication that »'s have finite mass
— Lepton Flavor is violated in Nature: but by how much?

°

® SM extended to include finite » mass and mixing predicts LE'V
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If we saw (enough events)...

\ € (Prlmary Lepton
/~ Beam Energ y)

.unambiguous signature of new physics!
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Some New Physics Scenarios
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How small can the rate be?

' - i i i S.Nussinov, R.D.Pecci, X.M.Zhang
® Y—lt related to T—lll via re-ordering of input/output lines s pvrbreboneny
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» SUSY + Higgs (A.Brignole, A.Rossi, PLB566(2003)217)

o | - 2 = 2
® B(r — 3p) ~ 1077 x (1a2)6 » (100GeV )4, ([S0ALI+I50ARI")

o |If Higgs light, s-particles ~ O(TeV), tan 3 ~ 50
& No direct observation, but 7 — . Observable (?)
s Sensitivity ~ 1078 — 101V at B-Factories

¢ BR(t—lll)< 2-4x10% — (BF(Y(3S)-l) < 3-6x107
BaBar Collab., PRL 99, 251803 (2007)
Belle Collab., PLB 660, 154 (2008)
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How small is the rate known to be?

. . CLEO Collab.,
® Direct Constraints: CLEO search for T—pT, T=€VV |paL 101 201601 (2008)

Y(1S) T(25) Y(3S)

Mass (GeV/c?) 9.46 10.02 10.36
N decays (millions) 20,8 93 59
(YT — pup) (keV) 1.252 0.581 0.413

L'(Y) (keV) 53.0 43.0 26.3

B(up) (x10~3) 23.6 13.5 15.7

< B(pr) (95% CL UL, x1079) 6.0 144 203 >
B(ur)/B(up) (95% CL UL, x10~°) 0.25 1.1 1.3
A (95% CL LL, TeV, ay =1.0) 130 0.98 0.98

o Other constraints: BaBar searches for LFV in B— Il decays

® B—e'u <9.2x108 @ 90% C.L. BaBar Collab., PRD 77, 032007 (2008)

® BY—e't <2.8x10° @ 90% C.L. }

BaBar Collab., PRD 77, 091104 (2008)

® Bl—ut <22x10° @ 90% C.L.
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How small a rate can BABAR measure?

As of 2008/04/11 00:00°

Between Dec 2007 - Apr 2008, BaBar
A e -

Y(4s): 0.78/fb
) 30.22/fb

PEP Il collected data below Y (4S):
~ 30 fb' @ Y(3S) (122 M decays) e
~ 15 fb' @ Y(2S) (100 M decays) : _

30 | = OffPeak S

A0 e ]

Integrated Luminosity [fb™]

Dramatic increase in 20;_ .........................................................................................
sensitivity to rare decays: N A —

[ v@s) /T Y(ns) ~ 103 ik —
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Sensitivity for LFV discovery in Y Decays:

~20 times more Y(3S) decays « improve CLEO limits by factor of ~4
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The BABAR Detector

1.5T solenoid Electromagnetic Calorimeter
6580 CsI(TI) Crystals

Cerenkov Detector (DIRC)

144 Quartz bars and 11000
PMTs

Drift Chamber
40 layers

Instrumented Flux Return \

Resistive Plate Chambers Silicon Vertex Tracker
and Limited Streamer Tubes 5 layers, double strip
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Event Selection

+
c t=ep
new physics
— T
€
e Reconstruct final state from
* two oppositely charged tracks
100988 © Decay Chal.'nnel * one or two additional neutral pions
T(3S)—et | touvv leptonicet | . primary lepton (e/p) near beam energy
Y(3S)—et | T RV/IT R TV hadronic et | * T decay with missing energy in other

Y(3S)>utr T—evv leptonic pt hemisphere decaying into a lepton with
opposite flavor or p/a;

e T decay with same flavor lepton or a
single it vetoed to reduce QED bkgd.

Y(3S)-ut ToOTRV/TRRSY hadronic pt
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The discriminating variable

10°

setto 10

Events/0.005

Ll L1l

Signal (hadronic ut)
Continuum Tt~
Resonant Y —>1t' 1"
Continuum -

10

Ll lllllll

1 . 0.8 0.9 1
primary lepton CM momentum / beam energy X=p,,/Eg
T T l ) 2, 2\ ' 02 2y o2 .
- P » E=(mi—m_+m)/(2Zm,) p/Eg=Vv4(E —m;)/m] Signal: peak ~ 0.97
Bhabha/Mu-pair Background: peak ~ 1.0
T VS TV v | | | |
- o > = ® » Tau-pair Background: Kinematic cut-off ~ 0.97
\Y
2
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The primary lepton momentum spectrum

Leptonic Y(3S) — et Channel |Y(3S) Data Hadronic Y(3S) — et Channel |Y(3S)Data
c L v 1 v v 1 v v 1 v v 1 v " | 1 - 5 v v 1 v v 1 v v 1 v v 1 v " I l
SI0°E HADAR S10° HADAR <
@ [ ee-otr ? >
u>J10 ] Y—oert u>J102 Y—er
- =TT
: .l-lll S -: i :-I ! :e‘e_’ee-
075 08 08 09 095 1 075 08 08 0.9 _ 095 1
p/Eg p/Eg
Leptonic Y(3S) — ut Channel |Y(3S)Data Hadronic Y(3S) — ut Channel |[Y(3S)Data
g‘l 03 = gﬁ‘lﬁéﬁ = 2103 Qéhggg ]
c YUt c T
S10%F E 2107 E
LL . . = L .
- T =TT i .
10E 2 10
075 08 08 09 09 _ 1 075 0.8 08 09 09 1
P /Eg P /Eg

S. Banerjee

& Uiy ;‘«’*“*ﬂf |l Lepton Flavor Violating Y Decays

of Victoria

3rtish Columbia * Canaca



Signal and background shapes

I I

700

Double-Side
Crystal Ball
Function

400

<— Signal PDF: double-sided CB function peaked at x=p,/Eg=0.97

300

200

I|IIII|IIIIIIIII|IIII|IIIIIIIII|[III|II—

~ Extract shape from fits to signal MC

857 ooz ose 0% o T, / Bhabha/m-pair Background PDF: Argus threshold function + Gaussian peaked at x~1

FT T LIS L I L L L L L ) L L Y L L BB I

: Argus + Gaussian - Extract shape from fits to signal MC

t-Pair Background PDF: 3rd-order poly © detector resolution function

— poly(X)=(1-X/Xyax)+Co(1-¥/Xyax)+Cs(1-XXyax)’

-]
_‘IIIIIIIII|III|III|III|III|III

E‘%H|III|III|III|III|III|III|III|III|I

: H'*ﬂ:Hﬁl \ e Xpax = kinematic cutoff parameter: extracted from fit to Y(4S) data control sample
0= .ISI 088 09 002 084" o.lss"“.' G0z %

mj E i * C,, C3 = polynomial shape parameters: floated in fit to Y(3S) data

2500 demiﬁc ~ detector resolution function extracted from MC

50E

N * Global PDF = signal + bhabha (pi-pair) + t-Pair components for et (ut) channels

ME - Float component yields and polynomial shape parameters in fit to Y(3S) data
m_ ----- poly
1 poly@gaus
&I.T! 0.8 0.85 0.8 pe /EB
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Fit Results

leptonic et channel hadronic et channel
= 2 f - 2
Global PDF | 2 _gikw%m#ﬁkw e wﬁ{}ﬁ*#ﬁ Z o %ng i w;ﬁm_-j

NSlG- 1+14+8 =
BABAR -

Preliminary

i
—

Signal gw’é NSIG 21+12+6
. S , BABAR -
T-pair BkKg | :

Preliminary =

Bhabha/ (. > | 1iindi=52/51 i o | indi=41/51
U'Pair Bkg 075 08 085 08 085 e/é1 75 08 085 08 0.5 /Ei'
Pe/Ep Pe/Ep
leptonic et channel hadronic ut channel
= 2~ | = 2 t
All channels 3 it H”_ 3 o %i ¥
give sig nal 210F Ngjg=-16+9+7 = 210tF Ngjg=42+17+12
. - s | BABAR | S f BADAR
vield within  Zwt oy =l
g I : 2|
[+}] B [+
+2.1c of zero 1 il
- 72ndf=35/51 = o, 12ndf=45/51
d7s 08 085 08 085 1 075 08 085 09 095

pp/ EB pu/ EB
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BF(Y(3S)—eT, uT) Upper Limits @ 90% CL

Comblned T(3S)—>er | Comblned T(38)—>m
2 T BaBar stat only - g T "BABAR |/ stat only -
_8 - Preliminary - S _Prehmmary tat -
< 0.8 stat+syst{ = o.f stat+syst
2 D [ )
" 0.6 — f 0.6 —
0.4 ] 0.4 ]
0.2 * | 90%of area |- - 0.2F 90% of area -
- / BF>0 region - - BF>0 region| -
=430 2 4 8 8 10 =% 2 4% 8 10
BF(Y(3S)—et) (x10°) BF(Y(3S)— 1) (x10°)
BF(Y(3S)—ert) < 5.0x10° BF(Y(3S)—-urt) < 4.1x10°
(first upper limit) (>4x better than previous UL)

BaBar Collab., arXiv: 0812.1021 [hep-ex]
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Limits on Generic Contact Interaction

€1 [T(X(39) — (=r7) 1 (Q%T)Y(M”?’S’YM = e, 1)

F(T(SS) — €+€‘) B 2q§ o) AUT)
S i N T TR & = b quark charge
o 'f o 't .
§ 0.8F . _g 0.8 }gégﬁs : o = fine structture conlgtant
e— : 1 = N [ assumes vector coupiing
D 0.6 1 © 06k .
= I | = | : Silagadze Phys. Scripta 64.128
—o4f {1 —oaf . Black et al. PRD 66.053002
0.2F ] 0.2F -
0 = ) : 0 e i
-0.3-0.2 -01 0 01 02 03 04 05 0.6 -0.3-0.2 -01 0 01 0.2 03 04 05 0.6 Assume Stron cou Iln
g A (TeV) 0y A, e (TeV) g coupiing
52 ' ' e 2T o OLeT—OL 1
< BABAR 7 | BABAR
o 15 Prehmlnary < 15 Prellmlnary
o ien
IS © > 1.4 TeV
3 Excluded [E:ER Excluded Ner
7 at 90% CL N at 90% CL
é 0.5 % 0.5 Au,c > 1.5 TeV
O 025 05 0751 12515 175 2 — % 025 Of 075 1 125 15 175 2
coupling constant o, coupling constant o, .

S. Banerjee

[Creversiy g 15 Lepton Flavor Violating Y Decays

of Victori
3ntish Columbia« Cana




Conclusions

B No evidence for LFV decays of Y(3S)
- BF(Y(3S)—et) < 5.0x10° (1* upper limit)
- BF(Y(3S)—ut) < 4.1x10° (>4x improvement w.r.t. prior UL)
— Result probes new physics at the TeV-scale

O Limits are more constraining than predicted from T decays

B More results soon to be available from Y(2S) data
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