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Charged Lepton Flavor Violation

A CLFV highly suppresseih SM, allowed in many BSM models + clear exp. signatufieN:P 0
A Theoretical constraints on the limit (indirect): @Y © Q ** <2.01 1 T (2000) [1]
A No experimental measurement of the decay( {) © g H' yet!

Someg W=+ B W Limits

Measurements Results CL (%) | Collaboration _
BFE[ 6"y Q <5.01 106 |90 BaBar Collaboration (2010) [2] —
BF| o"Yo * ¢ <4.11 108 |90 BaBar Collaboration (2010) [2]
BF| oY * ¥ <20.31 108 |95 CLEO Collaboration (2008) [3]
Indirect Search
Some of the direct experimental bounds from vector particles decay Provides limit assuming Unitarity
Measurements Results CL (%) | Collaboration e~
BFgEoQ:*’ < 2.0l 10° 90 SND Collaboration (2010) [4]
BF ify©° Q*° <1.61 107 90 BES Ill Collaboration (2013) [5]
BF® O Q*° < 7.51 107 95 ATLAS Collaboration (2014) [6] e Direct Search
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The BaBar Detector at PERII

PEP-II
Rings ™

Positrons

Low Energy Ring
BABAR Detector
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Data Sample, Signal and Backgrounds

Data| o ¥ Luminosity | Upsilon Numbers
Vi 10.355 (fb)

(3%) Preblinded Sample| 0.93 0.01 T8 @ TAT PTI
UnblindedSample 27.@2 0.16 | pp& p8E pTm
Total 2796 M @ | PCHH p& p T

QQ O«

MC Signal (for Background) Generators

QQ o KK2F

QQ O0QQ BHWIDE

QQ Ot ¢ KK2F

QQ O 06 Qi EvtGen

QQ O EvtGen

Generid o YWIC EvtGen

MC signal: g g © e( ) © g H': 103000 events
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Sources of Main Backgrounds
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Removed with kinematics cuts

Decayed in flight,
Material interaction,

| L— /EMis-ID etc.

QQ O ee‘_

Removed with PID

Mis-ID



Control Data Sample

Data Luminosity (fbt) | Purpose

0wl T MW EYQI € & T 0'00.58 78.31N0.35 Estimate Continuum Background
Preselected 8@ ‘ ° events Systematics

0w T MW EYQI € & b ®'00.58 78.31N0.35 Systematics

Preselected ds ‘ ° events

Owoax )YORéEsonance 7.752N0.04 BG Control Sample

0w 6 )YORe s o nha/h ¢ £0.355 27.96N0.16 Systematics

Preselected ds ‘ ° events

Owy w )YORéEsonance 2.62N0.02 BG Control Sample
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Analysis Methodology

A Pre SelectionA Background filter to sele® ‘ * events

A User defined SelectioApplied on the pre=selected events
A PID Selectiorylultivariate Technique applied, 16 different PID selector used in optimizatio\rH

Pre-Selection:

User defined Selection:

Distance of closest approach of any track vertex w.r.t. the beam sj| 2 tracks { electron and 1 muon in the final state), one in eg

Ach

Transverse Momentuim, > 100 MeV.

Drift Chamber hemisphere,
Ainx-yplane<lcmandin z <4 cm.
Number of hits in the Drift Chamber > 0. G p oYiEMC acceptance for both tracks.

Exactly 2 oppositely charged tracks ;

Leptonmomenta must satisfy the following condition

Polar angle of the two tracks: 2.8<( —)<3.5

Sum of momentum of the two tracks||PP,| >9 GeV.

(_ p) (— p) T8t pwhereO v

One and only one electron of two tracks defined by E/P > 0.8

Anglebetween the two lepton tracks must satisfy  p X7
to ensure they are emerged as back to back.

Acolinearity angle associated with the two tracks < 0.1 radians in ¢

CEhergy deposit by Muon track on the Electromagnetic

Calorimeter should be greater than 50 MeV.
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Data/MC Comparison

i BaBar Preliminary

Y(3s) Data3sOn
Y(3s) generic MC
e'e” — e'e’

e*e” - utu” 1
ete” — t'T

e'e” — cC

e*e” — uds 10
Y(3s) — e'u,, Signal MC

Entrias/0. 17

10’

102

T 8 =] 10 11
Mass distribution of ep (G=V)

Distribution ofQ * ° mass before applying any user defined selection criteria, only preselection criteria has applie
3% preunblindedsample.
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Selection Criteria In (N-1) plots

(N-1) plotsA all cuts applied except that on the variable plotted

E [~ l'l"' ™7 "'-I"'I"'l"'l\_~""_'l"l" -1 E 14|||| ||||||||||.|||.||||||||I||||I|||||||| TTTT
£"™EBaBar Preliminary - ' —+— Y(3s) Data 27.02 1b 5 dBas+ Prefiminary
W T I Y(4s)Data as BG ? 1 |
: B Signal MC &

098; i —§ _:
0965-1 w = E
osaf- = -
0925— —E ( p) ( p) 1-[8.[ l E
“F E whereO v » ]
0.88f— . — .
0865_ t | i i STavrnl I _E E
086 088 09 0.92 1 1.02 1.04 :'E ooos 00 D015 002 0025 D03 0035 004 0045 D05
Pu/EB - (F‘_.'Ea-‘:F + (P JE-1F where E =2
E : TT T [T T T [T T T[T T T[T T T[T TT [T T T[T T T [ TT T T : !_é B-—Iélal.lBlaI": IFI)IréII”iTI]iIrl]IaTr.y. LELE BLELELELEN BUNLELELE BB '_—
E I, : H : . 5 E E
: jpasar Prellmlnariy E The angle between thetwo & =
T | 3 lepton tracks must satisfy- ok =
| = p X’do emergeds back to back. iz =
4 [ Rejected | | —i _ ‘He E
£ < | E Energy deposit by Muon track 3 =
) | 3 on EMC should be greater thar» E =
, | L] 50 Mev. E E
fre 178 2 1?5.A 1766 17ra8 179 792 1;5 E~T1?.aT P:-::l 00: 01 02 0.3 04 _ 05 08 O (EB
ngle Between Two Tracks nergy eposit at al by Muon lraci

) S
. . APS'PARTICLES&F\ELDS . .
o Uriversiy b’ ™7 NafisaTasneem 8




All Selection Criteria Applied

| Y(3s)Data27.02 b
[ Y(4s)Data as BG

I Signal MC
E _—I LI | LI | LI |.I I.I | LI | L | LI | LI | LI | T T
& °C BaBar Preliminary .
A _
o -
2 -
u_l 1 1 I 1 11 I 1 1 1 I 1 1 I 1 _1

] 2.2 B4 9.8 2.8 10 10.2 i04 108 10.8
Mass disfribution of ep (GeV)

Mass distribution of2 ‘ ° after all selection criteria are applied
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Data, BG Selection Summary &Signal Efficiency
In (N-1) Cuts

(N-1) Selection Signal Efficiency BG Events | TFo m* «|v Candidate
&y e( fmC e( F- e( F-
(2717182

Preselection 82612 7134301 152445188

PID selection 0.2355N0.0013 0 14.7N2.3 18
Lepton Momentum 0.2684N0.0012 82.7N6.03 263.4N9.7 302
Back to back 0.2402N0.0013 0.44N0.44 37.7N3.7 39
EMC acceptance 0.2495N0.0013 0 13.9N2.2 17
EMC Energy 0.2452N0.0013 0 17.6N2.5 19
All Cuts 0.2342N0.001314; 0 12.2N2.157a7 15

A BG events are the equivalent event2a@r0 fb?
A Uncertaintiesarestatistical

Note: Forthe 3% Preblinded sample (0.93 f): Ny,.=1, agrees with BG estimate: 0.M8.07 events
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Systematic Uncertainty and Background

Systematic Uncertainty onEfficiency: %mo__ aBar Prelimgiary” —— v(3s) patason 1
A Tracking, PID, kinematics, trigger determined using contrc ¢ F= i Y1%5) generic MC 3
sampl e of SideBa® WwhetkBeihep =2°°°°;— i oo E
moment umo and fiback tl@%bac _F & E
A Systematic uncertainggn flepton momentund  c219% : S ]
A Systematic uncertaintyn fiback to backd  clul%o : oo S ER, =
Systematic Uncertainty onl ( 3:8] P E E
A Total Uncertaintyon § (35 atRun 7Dataset1% o3ﬂﬂ&g&%:%ﬁ&uﬁm+w1
S fBG No. of events after all selectianiteri
Our_ceo 2.2 evensé er? Seleciniera Massdistributions for (3S)Ondata
Continuum | (4S)On Data: 12.X2.3 andMC controlsamplest(-pair)
Peaking | (3S) MC: 0N0.9
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Summary on Efficiency, Background and Candidate

Values Sources Uncertainties

esc (SYST) Aln the fALeptatn. Mome28t umo
Aln the fABack to baomd cut
A In all other cuts on the Side bands 0.012

e (SYSTA STAT) 0.2342N0.007 7%y sy N0.0013 157

0.2342N0.0078

N (0.93 fb?) (4.06N0.04} 106

N (27.02 fbY) (117.7N1.2) 3 10°

Background ©.93 fb?) 0.42N0.7

Background 270 fb1) 12.2N2.3

Candidate seef?.93 fb?) 1

Candidate seen (Z¥fb?) 15
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Results: Branching Fraction and Upper limit

P8 By, ByLy4

Measurements Upper Limit with Confidence Level of 90%

Observed Upper limit Expected Upper limit

[ 0¥ Barlow Method[9] | CLs Method [10]| Barlow Method| CLs Method

UnblindedData Sampl¢ < 3.61 107 < 3.61 107 <231 107 | <2.8] 107
(27.0fbY)
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Conclusion

A On behalf of the BaBar Collaboratiore presented the preliminary result on experimenta
upper limits of a data samp(27.02fb)

H L ﬂ O H ) <3.61 107 with ConfidenceLevel of 90%

A This is thefirst reported experimental upper limits ono "Yo Q *°
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Back up:1 Selection Ciriteria

—+— Y(3s) Data3sOn

9 I T T T i T I T T i
. ¢ “FBaBar Preliminary E ! “= BaBar Preliminary
Y(3s) generic MC A ; e PR | -
+ - - 9 ' - . o Rejected
e'e > o'e P ERE -
e'e” - " ! ] -
ete — T ; i BG estimated fromMC 7 ? BG estimated E
. . - i ; E . fromOw g ¢x ¥ € E
e*e” — ccC ; ]
B c'c” - uds ‘ E * =
BN Y(3s) — e'u, Signal MC i ] : -
I Y(4s)Data as BG : ] A ]
0 0005 001 0015 002 0025 (PO}’.ESJ )Zc?i:[zlgst B_q].%’-lwne[lj_éﬂxéiz \'_54’0205 ooos OO0 0015 002 0025 (P[EIE?'_‘ r&%%ﬁzﬁ%m?-f%i: .Elﬂél.-lﬁ

Thelepton momenta must satisfy the following condition which is defining a
circle of radius 0.1 centered at (1,1) in the— Vs plane.

(— p) (— p) a8t pwhereO v

i N
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Eventa Mumbsar

BN
=

Events Numbar

The angle between the two lepton tracks must satisfy p x’db ensure they are emerged as back to back.
BaBar Ill?rlelllimilnlary

Backup: 2 Selection Crite

BaBar Preliminary

i782 1784 1786

738 179 1792 1724

1786 1788 180
Angle Between Two Tracks

3% preunblindedSample

10*
10
" 3% pre
| unblinded
b | Sample
10
I-lil : I—Ell.ﬂI : I—C!.E-I : I—D|-1-I : I—lZII.EI : IEI 0.2

1
0.4
Energy Deposit at ECal by Muon Track

0.6

0a

Evants Numbar

Events Number

- BaBar Preliminary

BG estimated fi*om MC n

L

1782 17E4 1786 1788 179 1792 1784 1706 1723 130
Angle Between Two Tracks

|'_r|IIII‘IIIIMIIII|IIII|IIII(|]IIIII|IIII|IIII|I:
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BaBar Prellmlnary

BG estimated from MC —E

[T T,
f:| =

6 E
K
J f

d
—t]

E
2
E

il A 1Ll -
0 0.1 0.2 0.3 0.4 05 06 0.7 0.8
Energy Deposit at ECal by Muon Track

[

Ewvants Numbar

Events Number

ra in (N-1)

_BaBar Preliminary

FrrryrrrTrTT 1T ]
a : —:
£ BG estimated flon® & o 61 M &-
oF- | =
= E
S | =
2 =
||15 B2 1784 1788 17343 178 1782 1724 1706 1724 130

Angle Betwesn Two Tracks

_BaBar Preliminary

2] ~ o
IIIIIIIIIIII T
Y]

L0

G estlmated fron® & g ¢1 ¥ s

In A IR R
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Energy Deposit at ECal by Muan Track

Energy deposit by Muon track on the Electromagnetic Calorimeter should be greater than 50 MeV.
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Back up: 3 All Selection Criteria Applied

u;? 5'_"'I"'I"'I":I'_"I'"I"'I"'I"'I"'_' B —_'"|"'|"'F5"'J".'I"'I"'|"'|"'|":
s r BaBar Preliminary . ¢ °F BaBar Preliminary ]
B ] ] C BG . e~ . 3y W P -
F-BG estimated from MC E 3 estimated fron® @ o 61 ¥ £ E
: E
23— _f gf_ ‘ _f
E E 3 |‘ |-
- . - 'l ” IILL -
09_ 9I2 '9.I4' 9.I6I 98 10 102' ' '10.4' ' 10.6I ' 'wl_s' ' ';1 u’e_ 92 o4 g8 9.1':'.2 'D4EI.E 0.8 _11

Mass distribution of ep (GeV Mass distribution of e (GeV)

Mass distribution of2 * * after all selection criteria are appliedthe (3S)
data (within 27.02 /fb).

I Y(4s)Data as BG

—+F—— ¥(3s) Data3sOn
Y(3s) generic MC
e'e” — e'e”
e'e” - 'ty
e'e” — 1ttt
e'e” — cC
B c'c > uds
B Y(3s) — ey, Signal MC

=
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Back up: 4 Data, BG Selection Summary &5ignal
Efficiency In (N-1) Cuts

[l

(BN

Selection Survived BG Events on MCs BG Events JEENd | | e( - JER I | | e( k-
27.02 fbl P MC
( ) G U tt Bhabha C
Preselection 82612 22649650 13333831 599556063 7134301 148286975 152445188 257079590
PID selection 0.2355N 4.7N1.4 0 0 0 3.6N3.6 14.7N2.3 0 18
0.0013
Lepton 0.2684N 54.0N4.61 91.4N6.3 24.9N14.4 82.7N6.03 210.2N26.9 263.49.7 288.4N54.5 302
Momentum 0.0012
Back to back 0.2402N 9.07N1.9 43.3N43.3 0 0.44N0.44 68.8N15.8 37.7N3.7 51.50N23.03 39
0.0013
EMC accpt 0.2495N 5.1N1.4 0 0 0 7.2N5.1 13.9N2.2 0 17
0.0013
EMC 0.2452N 5.1N1.4 0 0 0 3.6N3.6 17.7N2.5 0 19
Energy 0.0013
All Cuts 0.2342N 4.7N1.4 0 0 0 3.6N3.6 12.20N2.09 0 15
0.0013
N Survived eventare the equivalent events on 27.6 fb
H H APS:‘I;A)RT\VC{E FIELDS ® =
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Back up: 5
Systematic Uncertainty in the Sidebands

BaBar Preliminar

—F— Y(3s) Data3sOn E

[ Y(3s) generic MC-
e'e’ > e'e .
e'e’ -

BN e'e’ > 1T

---- P I 1

1
10 11
Mass distribution of ep (GeV)

Massdistributions for (3S)Ondata andMC controlsamplest(-pair)

Ry, w | 0.9825 |[0.9795 |1.0072
T TT ¢ |5 0.0032 | 5N dwm
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Back up 6: SystematidJncertainty

Inthen| ept on mom pl an
mthenback t o backc

"MRABar Preliminary | " geooo_ I I p I hh/ lllllllll - .
aBar PF?'!.‘??.'"?W;...i,=..,. : : oaba r reliminary—— g Signal | Data Background
e E T 1 |MC | (T M0 & | MC (up)
3 s T 3 |0.0065 |0.0360 |0.0217
1 3000 : lr#""""n""m 3
3 F - l"l"f',"’lllhl'lwﬁwu . _ :
] 2000 g L Uncertainty between data and MC signal:
o . b i 0.03600.0065=0.029
o] F T T I Uncertainty between data and MC (pp):
DDU{E‘E#EB—1[)11[11{PHIEBD—"ID}J%Vhere%SJﬂEQ 0 0002 0.004 0.008 O'U%%E/EB-&O’J(F’,/an-io)aahere%g!?% 003600021720014 (fOI‘ Cross CheCk)
BaBar Preliminary BaBar Preliminary
Signal MC Datal (Tt ) ¢
0.002 0.013
Uncertainty between data and MC signal:
0.0130.002 =0.011
o e B AP ) :
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