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€ Lepton Flavor Violation (LFV) is highly
suppressed in the SM, an observation

The Nobel Prize

a

of LFV would most likely mean new In
physics Physics 2015
. » Takaaki Kajita
€ LFV has not yet been observed among  .-weiwi™ S fense > Arthur B. McDonald
Charged Ieptons Prize share: 1/2 Arfz};thB.M.c‘Dc:nald “for the discovery of"
Crize shave: 372 neutrino oscillations

€ LFV is permitted in many extensions

of the SM
Beyond SM SUSY RPV -
Higgs T sneutrino Black Hole
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Overview of LFV searches at ATLAS

€ 7' boson LFV decay search
v to eu final states with 7 TeV data (EPJC Vol.71. 12(2011)1809 )
v to eplet, /1ty final states with 8 TeV (Phys. Rev. Lett. 115 031801 (2015)) and 13 TeV data
(accepted by EPJC, arXiv:1607.08079v1)

€ Higgs LFV decay search
v to et/ut final states with 8 TeV data (submitted to EPJC, arXiv:1604.07730v1 & JHEP 1511 (2015) 211)

€ SUSY RPV 1 sneutrino search
v’ to eplet, 4 ut,q final states with 7/8/13 TeV data (same as 2’)

€ OBH search
v’ to eplet, 4 ut,q final states with 13 TeV data (same as z')

4 tau%Bu search (submitted to EPJC, arXiv:1601.03567), Z=> nt search (same as Higgs)
>4 lepton search (JHEP12(2012)124), displaced vertex search (Physics Letters B 719 (2013) 280 ) ...
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http://link.springer.com/content/pdf/10.1140/epjc/s10052-011-1809-9
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031801
http://arxiv.org/abs/1607.08079v1
http://arxiv.org/abs/1604.07730v1
http://inspirehep.net/record/1388016
http://arxiv.org/abs/1601.03567
http://link.springer.com/article/10.1007/JHEP12(2012)124
http://www.sciencedirect.com/science/article/pii/S037026931300083X

Z' boson Search — Model

€ Extended SSM Z’

q /

v" the same couplings as the SM Z boson
v" extend to allow for LFV couplings: z

Q2 Qqz and Q,

2 N2 2
: : & M, _
G(Z —> JJ.ZJ.) oC 5 87 21J2 11 — g e
(M]]’ o MZ’) + MZ’FZ’
v Ageneral search for heavy resonance I=¢, por Thad

v' Relatively small background due to 2 different flavor leptons Signal: Pythia8
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Z' boson Search — Data and objects

€ Data sample : 25 ns data in 2015, Luminosity = 3.2 fb1

€ MC sample : ATLAS fully simulated samples with all necessary corrections

€ Objects
» Electrons » Muons » Taus
» Kinematic: pT> 65 GeV  Kinematic: pT> 65 GeV  Kinematic: pT> 40 GeV
In|< 2.47 (no crack region) Inl< 2.5 Inl< 2.47
* Track and calo quality « Combined track quality 1 and 3 prongs
* [solated * [solated  Track and calo quality

* Overlap removal with e and p
» MET: calculated with calibrated objects
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Z' boson Search — Event selection

O single electron or muon trigger O 2 “good” different flavor leptons

O back-to-back: A¢(l, I')>2.7 O M,;>600GeV as “signal region”

1200
= — &1 ([No Coll. Aprox)

1':":":'_— —— e1 (Coll. Aprox) —[

800

v' v and those visible hadronic tau decay products are soof

M,, Invariant mass reconstruction

Entries

v taus are heavily boosted, so are their decay products

~ collinear 4an
v' assume n(v) = N(Tpaa) 200F
v" improved peak resolution T 500 1000 1500 000 =
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/' boson Search — Backgrounds

Drell-Yan
irreducible e -
backgrounds Diboson prediction
Backgrounds ew channel
Matrix method

backgrounds « QCD driven
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1t channels

QCD:2d side bands
W+jets: weight MC




Z' boson Search — Event yields

€ M, <600GeV: validation region; M, >600GeV: signal region

Process m,, < 600 GeV | m,, > 600 GeV | m,, < 600GeV | m,, > 600 GeV | my < 600 GeV | my- > 600 GeV
Top quark 1190 + 140 22+5 790 + 190 25+0 580 = 140 21+7
Diboson 159 =17 49+009 109 + 26 6.2+19 84 =20 48+ 14
Multi-jet and W+jets 5511 2717 3200 + 800 45+ 14 1900 £ 500 4112
iyt — U 145210 0.18 £0.04 1030 £ 240 52+1.4 610+ 140 2.6+07
Total SM background 1410 £ 150 30+7 5200 £ 1300 8l £25 3200 + 300 63 +20
SM+Z" (M = 2TeV) - T3x13 - 185+ 34 - 130+ 28
SM+i, (M, =2TeV) - 40+8 - 105+ 27 - T&8+£22
SM+OQBHRS n=1(My = 2TeV) - 4+0 - 122 + 28 - 00+ 23
Data 1463 25 5416 111 3239 45

(a) ey channel {(b) er channel (c) ur channel

€ For signal region

fake:54%

Top:73% fake:56%0

top ®diboson mfake = DrellYan top ®diboson mfake w DrellYan top ®mdiboson mfake = DrellYan
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/' boson Search — Systematics

Source mee = 1 TeV
el et Ut
PDF uncertainty 17%  153%  15%
Luminosity 5% 5% 5% .
Statistical 18% 1% _15% M, at 1TeV region
Reducible backeround 5%  29%  40%
Top quark production modelling 5% 3% 4%
Electron trigger efticiency 1% 1%  N/A
Electron identification 2% 29%  N/A ep channel: PDF + stat
Electron energy scale and resolution 3% 3%  NJ/A
Muon reconstruction efficiency 2%  N/A 2% et channel: PDE + stat + fake estimate
Muon scale and resolution 4%  N/A 4%
WY rigger efficienc 29% 1 2% :
Tllttollzl;::tlﬂ?;gf — N ; ‘j/i 4@; ut channel: PDF + stat + fake estimate
Tau reconstruction N/A 3% 3%
Tau energy calibrations N/A 2% 2%
Total 27%  35% 44%
SM Background in mge + 0.1 - myp 39 119 114
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Z' boson Search — M, discriminant

Events

Data/SM Bkg

Dilepton invariant mass
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Z' boson Search — Limit plots

ep channel et channel ut channel
L S L B I I IR IR B 3 = 1F AL LRI BRI BN B 3 L S L B L L I IR BRI B 3
=1 : ! =1 ! =1 : !
o r . -- Expected limit . o -- Expected limit . o r . -- Expected limit .
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Z' boson Search — Conclusion

Conclusion

€ A search for LFV Z’ is performed in ep, et or ut final states
€ No significant data excess is observed compared to SM expectation

€ New limits considerably extend the previous ATLAS results
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BSM Higgs Search — Introduction

(" ™
Both ATLAS and CMS support the observation of 125GeV “Higgs™ Any non-SM

property ?

kCoupling not very different from SM “Higgs”

J

Higgs LFV decay :
J9 y Considered Lagrangian for the Yukawa interactions

v A complementary to SM Higgs

I:'_".. . :
measurement —Ly = éhﬁﬁ}; +he.. i j=ep 1. where L‘f}“ = 6;; V2m;/v and v = 246 GeV.

v Well motivated by theory

v" Stringent limits on H>ep from low energy tau decay experiments, but less stringent

limits on H>et or ut
Higgs(125GeV)-> et or ut : t can decay both hadronically and leptonically
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BSM Higgs Search — Data and objects

& Datasample : 8 TeV pp data in 2012, Luminosity = 20.3 fb™!

€ MC sample : ATLAS full simulated samples with all necessary corrections

€ Objects
» Electrons » Muons » Taus (had)
» Kinematic: pT> 26 GeV  Kinematic: pT> 26 GeV  Kinematic: pT> 45 GeV
In|< 2.47 (no crack region) nl< 2.4 Inl< 2.47
* Track and calo quality « Combined track quality 1 and 3 prongs
* [solated * [solated  Track and calo quality

* Overlap removal with e and p
» MET: calculated with calibrated objects

Tau 2016, Beijing, China 15



BSM Higgs Search — Event selection: t,_.4 channel

2 SRs are introduced to
maximize the sensitivity

Criterion SR1 SR2 WCR TCR
SR1:. dominant bkgd W+jets
pr(p) or Ex(e) >26GeV >26GeV >26GeV >26 GeV
SR2: dominant bkgd Z+jets PT(Thad) >45GeV  >45GeV  >45GeV  >45 GeV
n(lep) — N(Thaa)l <2 <2 <2 <2

2 VRs are introduced to validate  1(1ep ERS) - 540GeV  <40GeV  >60GeV -
the dominant backgrounds (e ™) <30GeV <60 GeV  >40GeV -

’
Nie - - - 22

WCR: validate modelling of Wjets
J T T Mo 0 0 0 > 1

TCR: validate modelling of top

It

@ = O@ Nucl. Instrum. Meth. A 654 (2011, 481
16
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M(l,7) Is reconstructed similar as Z', and iIs used for signal search [ mMe ]




BSM Higgs Search — Backgrounds: t,_.4 channel

Z21l (I=e,u) ‘ MG
irreducible : Tc_)p fLElED prediction
Diboson

Real lep + tau

* Higgs

Backgrounds ! = =) Zpup data sample
Charge based
. =
jets fake ‘

backgrounds

Reweight MC

o WH+jets ‘
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BSM Higgs Search — Control plots: t,_., channel
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BSM Higgs Search — Event selection: t,,, channel

2 SRs are defined to maximize the sensitivity

SR1: with no central (In|<2.4) light jet

SR2: with > 1 central light jet

Search variables

Meoll = #"Ep{T' f_,.r:J!T: + E%”i“] (cosh A — cos Ad).

SRnoJets SRWithJets
Light leptons e*ut et
7 leptons veto veto
Central jets 0 > 1
b-jets 0 0
p;? >35GeV > 35GeV
PF > 12GeV > 12 GeV
7°] <24 <24
us <2.4 <2.4
Ap(Lr, ER™) <07 <05
Ap(Ly, £>) >2.3 > 1.0
AP, ERS) > 2.5 > 1.0
Apt(Ly1,{?) > 7 GeV > 1 GeV

Tau 2016, Beijing, China
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BSM Higgs Search — Backgrounds: 1., channel

Phys. Rev. D 90, (2014) 015025
Backgrounds are estimated with an e-p symmetry method by assuming:

v' SM processes in data are symmetric under the exchange of prompt e with prompt p

v Higgs LFV decay breaks this symmetry
Effects from non-prompt e/u & efficiency difference are corrected

:éb-} |||||||||||||||| :d:-fl-ll_;lls ||||||||||||||||||||| : E : ATL_AS ) :
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i

L
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BSM Higgs Search — Results

€ No statistically significant deviations of the data from bkgd prediction are observed
€ 95% CL upper limits on LFV Higgs decay Branching ratio is placed with a frequentist

method assuming m,, = 125GeV

T | 1 L] LI I T I | 1 | LI ! | b et e ! ! ! I ! | o
ATLAS B Expocts _ ATLAS — ey
| 1s=8TeV [Ldt=2031b" ot T 1s=8TeV |Ldt=20310" — Observed
E\j Excluded :?\___E Excluded
i§ EThnag SR1 § WY ey SR
Ni et SR2 i N We, . SA2
& et Comb i § pt . Comb
§ L SF‘,. A i § u:lm_' ER':;'t'I'.-
i_ § er"-"-"' Snn thets &i I'I':le-':' SR'.'\--:'U:::-
§ et . Comb § ur,_ Comb
; et, Comb ; \;}é 1, Comb
I|If§lllllI [ I | 4 |||$k|||||| |||F||0m|||
c =2 4 6 8 10 12 14 0o 2 4 6 8 10 12 14
95% CL upper limit on Br(H — e1), % 95% CL upper limit on Br(H — ut), %

H — et hypothesis Tau 2016, Beijing, China H — pt hypothesis 21



BSM Higgs Search — Conclusion

& A search for H>et or H>ut LFV decay is performed, with t decays both
leptonically and hadronically
€ No obvious data excesses over SM background prediction are observed

€ 95% CL upper limits on LFV Higgs decay Br are placed

Br(H — et) < 1.04%. Br(H — ut) < 1.43%
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Other searches -- 1> 3

Submitted to: Eur. Phys. J. C. arXiv:1601.03567v2
€ A search for T=>3pu is made with 8TeV 20.3/fb dataset using W->1v events at ATLAS

€ Dominant systematics are from muon recon and trigger

3 B e T anag © g O No events are observed in signal region ,
B gl SRR o) \s=8 TeV, 20.3 b 1 while 0.2 bkgd events are expected
2 I S . <t ot vl B O The observed upper limits of Br(t=>3p) is
@ B 3.76 x 10" at 90% CL.

10~ 1 0O Demonstrate the potential of LHC as a

' ] probe of LFV in t decay
5 - - - - - = -
______________________ 2 O Expect significantly improved sensitivity
i o LRt with more data

my, [MeV]
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Other searches

€ Quantum black hole search
€ SUSY RPV tau sneutrino search

Share exactly the same strategy as Z' search
and will be published together with Z' on EPJC

Submitted to: EPJC  arXiv:1607.08079

Expected Limit [TeV] | Observed Limit [TeV ]
Model
el er Ut eu eT [ikg
RPV SUSY v, 25 2.1 2.0 23 22 1.9
QBHADDn=6 | 46 4.1 3.9 45 4.1 3.9
QBHRSn=1 25 2.2 2.1 24 22 2.1

€ Z-urt LFV decay measurement

Submitted to: EPJC  arXiv:1604.07730v]

Tau 2016, Beijing, China

Share similar strategy as H->ut search and will be
published together with Higgs search on EPJC

Br(Z — ut) < 1.69 x 107,
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& Several analyses searching for LFV in the charged lepton sector are performed by
ATLAS

€ No significant data excess over SM expectation is observed in any channel

€ Limits are put on the ¢ x Br or Br, which considerably extend the previous ATLAS

results
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Statistical analysis for Z' search

€ Reasonable agreement between observation and expectation
€ 95% CL level Limits are put on the o x Br of Z' model

€ Bayesian method is used to set limits

obsj oMk Nsys

l IG{QJ,{]* ), Mk = Nokg, + Nsig, (6)
i=1

where N(f) is the total number of expected events as a function of the parameter of interest, €;; is the
relative change in event yields for signal (j=1) and background (j=2) due to the systematic uncertainty i
and G(£);, 0, 1) is a unit Gaussian assumed to be the probability density function for the nuisance parameter
£);. All systematic errors are assumed to be Gaussian in nature.

Nbins i
= |

Nabs; !

k=1
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BSM Higgs Search — Results

€ No statistically significant deviations of the data from bkgd prediction are observed
€ 95% CL upper limits on LFV Higgs decay Branching ratio is placed with a

frequentist method assuming m, = 125GeV

Channel Category  Expected limit [%] Observed limit [%] Best fit Br [%] Channel Category  Expected limit [%] Observed limit [%] Best fit Br [%]

. . . +0.64 < 0.81

SR1 2,3]_5:23 3.0 0,J3jg§ SR1 1.607; s 1.55 —0.07* ¢

H— et SR2 2.95%116 224 ~1.33+136 H— pthg SR 175704 3.51 19455

. + : 4+0.50 0.62

Combined 2.0740%8 1.81 ~0.47+1% Combined 1.24775s 1.85 07753

7 - 2+0.93 : 21+1.0

SRuoles 1.66°072 1.45 0.45*0% SRnolets 2035 2.38 0.31%509
- +1.74 - 1.

Ho et  SRymes 3337180 3.99 0.74+1% H = pmip SRuithess 357 0 2.85 -LO3

ﬂ : 1+0.74 0.88

Combined 148040 136 0261079 Combined L7370 49 179 0.0375 56

H—er  Combined  121°0% 1.04 ~0.341084 H—ypr  Combined  L0I% 1.43 0.53%73)
' 0.3 ' =066 - :
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