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What does the LHC tell us about LFV?
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Why are tau’s so interesting at LHC?

— best channel for observing Higgs boson fermionic decays
— also the best for finding the neutral MSSM Higgs boson
— add another channel to all searches with leptons

— they are really heavy, so they might be special (recent hints

of possible lepton non-universality from LHCb...)

— they are handy for Lepton Flavor Violation searches
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Tau decays at LHC

Tau (1) decays leptonically (35%) as well as hadronically (65%)

Specific mix of * and m°:

Reconstruction & ID:

* T reconstruction seeded by anti-krjets
e |dentification criteria (BDT)

T decay

LFV searches Swagato
at LHC 4 Banerjee ol




Tau-jet 1dentification

. Tau jets have 1 or 3
CD jets h
QED jets have charged tracks,

narrow activity,
annular ring

large multiplicity,
wide energy profile,
uniform shower shape

of 1solation
QCD Jets Hadronic © decay
‘ Isolation cone K ‘ Isolation cone
Core cone / i Core cone ||
........ I
e 1

Underlying
event
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Tau-jet performance in ATLAS/CMS
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Tau-jet modelling in ATLAS/CMS

hadron hadron+strip 3 hadrons
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Tau-jet substructure in ATLAS/CMS

ATLAS: EPJC(2016)76:295; CMS: JINST11(2016)P01019, CMS-DP-2016-015
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Challenges 1n analyses with tau-jets

Signal: reconstruction of genuine hadronic taus (<)

OO OO

= L DL L L
3 ------ SM H(125 GeV)—>tr -
Q o Qbserved i Backgrounds:
A 0 Z—-ee ]
E; ] W+jets .
L - Rejection of fake ©
g [—1QcCD ’ j h
T

from electrons / muons

Rejection of fake T,
from QCD jets

0.0
0 100 200 300

m_. [GeV]
+ efficient trigger selection

+ rejecﬁon of pileup (LHC currently features up to ~40 collisions / bunch crossing)
+ reliable description of data using simulation
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[LFV searches at LHC

'4
Searches covered in this talk: H<
® H—-purt et ue (ATLAS, CMS) 7
® /Z—put et nue (ATLAS, CMS) ] ¢
® Heavy X —» purt,et, pe (ATLAS,CMS) 77777 <
® 71— u u" u (ATLAS, LHCb) g
o

— H
T —pu p,pp pw (LHCD) e i“

Other non-tau LFV searches from LHCb not covered 1n this talk:
o DY — e*u (Phys. Lett. B754 (2016) 167)

B — e" 1 (Phys. Rev. Lett. 111 (2013) 141801)

Dgy— n uw w,m- u" u (Phys. Lett. B 724 (2013) 203)

B-— D®* u- u (Phys. Rev. D 85 (2012) 112004)

B™— 7 - (K°) u” u" (Phys. Rev. Lett. 108 (2012) 101601)
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LHC Run 1 : Still room for BSM decays

= Possibilities to highlight BSM
physics in the scalar sector:

= |ndirect evidence through
observation of deviations in the
couplings of the H boson (but
precision limited and increasing
slowly with additional data)

= Direct evidence through
observation of exotic decays of the
Higgs boson

= Large room still viable for exotic

JHEP 08 (2016) 045
ATLAS and CMS
LHC Run 1
K7 p— =
Ky — :"..
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Higgs boson decays (~20%)
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Lepton Flavor Violation & Higgs decays

e

H— Tt

LFV searches
at LHC

Br (t—uy) <4.4 x 108

How
about
direct
search

at

LHC
7

VS.
Wi

BaBar Collaboration
Phys. Rev. Lett.
104 (2010) 021802

Br (H—-urt) = 10% Yarnk, Kepp, Zupan ( 1209.1392)

H>ut
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LFV decays of the SM Higgs boson

Flavor Violating Higgs Decays .
Roni Harnik , Joachim Kopp , Jure Zupan arXIV' 1 209' 1 397

Introduction

* LFV couplings to the Higgs possible, e.g. .y 02 .
if SM only valid to finite scale A Y, = _z5z-j | Aij
v V2A2

» LFV Higgs couplings would allow processes like
u—e, 7= uandrt— e via a virtual Higgs boson

« B(H - eu) < 0(1078) @ 95% CL from u — ey

4
« B(H - eT/,uT) < 0(10%) @ 95% CL from t — ey /uy
H and e/u g-2 measurements
* B(H — et/ut) < 13% @ 95% CL from theoretical
reinterpretation of H — 77 search results from ATLAS
£I

—> direct search very promising

LFV searches Swagato
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https://inspirehep.net/record/1184810
https://inspirehep.net/author/profile/Harnik%2C%20Roni?recid=1184810&ln=en
https://inspirehep.net/author/profile/Kopp%2C%20Joachim?recid=1184810&ln=en
https://inspirehep.net/author/profile/Zupan%2C%20Jure?recid=1184810&ln=en
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Event topology
@
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Search Strategy

19.7 b (8 TeV

N~—"
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ATLAS (8 TeV): H — e/ Thad

irreducible : ‘
Real lep + tau
jets fake
backgrounds ‘

Regions defined in terms of the transverse mass

= \/2pT EMss(1 — cos Ag)

with A¢ angle between ¢ and the direction of E™

Backgrounds | |

ATLAS, \s =

8 TeV [Ldt=

w

20.3 fb™

- PRE—
I\)-bq

%-140
¢(H 120

—_ —_ —_ X

© O
(@)) (00]
Fraction of Events

© o ©
N A

20 40 60 80 100 120 140
m® 5 [GeV]

LFV searches
at LHC

o 7211 (I=e,p)
* Top related
* Diboson

Charge based
=
* Wi+jets ‘

‘ MC
prediction
Embedded

Zpp data sample

* Higgs

Reweight MC
With CR

SR1: my(pu, EMSS)_ > 40 GeV &
mT(Thad, EM’SS) < 30 GeV

dominant bkgd W-+jets

SR2: mt(pu, EMSS)_ < 40 GeV &
mT(Thad, Eé\_ﬂISS) < 60 GeV

dominant bkgd Z+jets
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ATLAS (8 TeV): H — e/ Thad

Events/ 10 GeV

H — € Thad

Data / BKG

Events / 10 GeV

H — N Thad

Data / BKG
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ATLAS (8 TeV): H — e 1y, 1 Te

Data driven asymmetry method : SM backgrounds are e/u symmetric

> > [
3 3
3| ] 3| ]
o 0E Vs=8TeV det=20.3fb'1 E o 0°E Vs=8TeV det:go.afb" 5
- [ e . - 3
32 i —4—DataeuSR ] £ T —+—DatapeSR 8
% N s " Symm. background 5 ] e T ?Y;“bm t':ackgro:nd
> 102 — > 1021 —— Tot. backgroun ]
i g Tot. background E w -k Post-fit uncertainty 3
. Post-fit uncertainty : . H— ut (BR=1%) .
° o B 7 B - ]
Signal region: S o ;
. - 3 S 3
. t e R - | L @ 2 e =
no jets
R ST B B B B I | = 2—.Y.| A P B P I N BT I B
o 2 : ' : - : : o ' - - ' ' : :
X q50 - X 150 I : -
3 sttt g o — 3 Sttty 1
3 os- . 5 os- -
% 50 100 150 200 250 300 350 400 450 % 50 100 150 200 250 300 350 400 450
M [GeV] M0 [GeV]
e L L e A B I ILL L I L L L e I B IS I I
> | ATLAS > ATLAS i
0 -1 (D -1
O ol Vs=8TeV det=20.3fb B o .ol Vs=8TeV det=20.3fb a
>~ 10 - - ~— 10 - -
[ N —4—DataeuSR - a3 [ ——DatapeSR, = ]
OC, S S Symm. background QC) S R " Symm. background -
> B —— Tot. background S i —— Tot. background
L - . L B Post-fit uncertainty -

—— H— ut (BR=1%)

S ignal region: i ¥y Post-fit uncertainty . Y
with jets S ﬁ .

T T ]]lllll
| 1 IIlIIlI
T T IIIIII|

| IIIIIII|

1E = 1E =
- firil SIS P AT AT INENAT AT AN ST AT AP AT AT AT AT I...‘Iu...: :| I by s Wb s e by v s by l.n.nln.n.:
o 2 - - ' o 2 - - ' - ' -
X X
m 1.5 — o 1.5 |
- ettt s bty A H——
- % 50 100 150 200 250 300 350 400 450 o % 50 100 150 200 250 300 350 400 450
Mgy [GeV] Mg [GeV]

LFV searches Swagato

at LHC Banerjee



ATLAS 8 TeV): H — e/ut

ATLAS 1604.07730

T | 1T | LI | T 17 I LI I L | LI | 17
~ ATLAS il
f5=8TeV [Ldt=2031" o
- I = E::ed - Channel Category  Expected limit [%] Observed limit [%] Best fit Br [%]
B N 1.06 1.48
Ni e SF2 SR1 2.81+1.9 3.0 0.33+148
. e Comb H — eThu SR2 2.95% 85 2.24 ~1.33*135
B - | Combined 2.07+082 1.81 ~0.47+1.98
i R\ o P SR pojets 1.6670-72 1.45 -0.4570%
1y €%y, ComD H - etiep  SRuithets 3.33589 3.99 0.74%1
W o Combined 1.480%0 1.36 -0.2670-
0 2 4 6 8 10 12 14 — =
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llAITILIAszI T I T 17T I L T 7 Il-l T T I L SRI 1.601—8:% 1.55 _0.07t8:§é
Expected = 10
| (5=8Tev [Lat=2031" _2::::’2" n H — ptha SR2 175 tgz; 3.51 194t8§3
— ! - ombine 247 . AT
- ) peed Combined 1.24+050 1.85 0.77+062
: uT o SR1 . .
) ] 0.93 1.06
E - I w SR2 SRnoJets 2.03t0.57 2.38 0-31i0.99
Cm o H— ptiep  SRyjthets 3.57" 10 2.85 ~1.03*}-%
B o h Combined 1.734575 1.79 0.0370:88
: WE ot O nosets = ’
L — o Hour CCombined 10194 3> 053]
i - w,_, Comb /
E . ut, Comb ° °
O L TR PR Compatible with O at the level of 1o

4
95% CL upper limit on Br(H — ut), %

LFV searches Swagato

at LHC Banerjee



CMS (8TeV):H—purt

H— um, H— ute
Sample 0-Jet 1-Jet 2-Jets 0-Jet 1-Jet 2-Jets
SM H background 71+£1.3 53408 16£05|19+03 1.6+0.2 0.6=£0.1

sum of backgrounds 2125+£530 513 +114 54+14 |160+19 118+9 5.6+09
LFV Higgs boson signal ~ 66 £18 308 29+11 | 23+6 13+3 12+03

data 2147 511 10 180 128 6
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CMS (8TeV):H — et

Results: H - et

19.7 fb' (8 TeV)
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CMS, arXiv:1607.03561
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ert,, 2-Jets
3.55% (exp.)
2.88% (0bs.)

H—et
0.75% (exp.)
0.69% (obs.)

CMS

19.7 fb™ (8 TeV)

II:IIIlIIIIII

I I | | I | I | |
* Observed
X Expected

- Expected £ 16

Expected + 2¢

IIFIII|III|III|III|III|III|III|I

o 2 4

95% CL limit on B(H—et), %

8 10 12 14

B(H — e1) < 0.69% @ 95% CL
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CMS (8TeV): H— e

Results: H — eu

—h
o
o

Evenis / GeV

60

40

20

19.7 fo' (8 TeV)

— CMS
- eu all cat.

I T I | T I T I I I I

¢ Observed
— background fit
---LFV H(125) (B=0.1%)

Pl

Ty +

k3
| 1 I’.l'--l.-l | | | i (I J N I |

Pro™120

130 140 150 160
Me,, [GEV]

incl. O jets
0.061 % (exp.)
0.041 % (obs.)

incl. 1 jets
0.094 % (exp.)
0.066 % (obs.)

incl. 2 jets
0.304 % (exp.)
0.360 % (obs.)

VBF
0.183 % (exp.)
0.341 % (obs.)

all
0.048 % (exp.)
0.035 % (obs.)

CMS 19.7 fb™ (8 TeV)

I * Observed

X Expected

I - Expected + 1o

Expected + 2¢

-0.1 0 0.10.20.304050.60.70.8
95% CL limit on B(H—ew), %

CMS, arXiv:1607.03561

LFV searches

at LHC

B(H — eu) < 0.035% @ 95% CL
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CMS (13 TeV, 2015 dataset): H — pt

H- ut @13 TeV
* Very similar analysis
« Uses 2.3 fb-! of data from 2015

 Excess from 8 TeV data not confirmed
but also not excluded!

B(H — ut) < 1.20% @ 95% CL

Best-fit branching fractions

CMS-PAS-HIG-16-005

O-jet 1-jet 2-jets | Combined

(%) (%) (%) (%)
ut, | 012139 | 170125 | 1541512 | 112410
HTe | —2.1155 | —2.18755 | 204735 | —1.8157F
Ut —0.7670.81%

LFV searches
at LHC

ut , 0 Jets
had
4.17% (exp.)
4.24% (obs.)
Me 1 Jet
4.89% (exp.)
6.35% (obs.)
e o 2 Jets
6.41% (exp.)
7.71% (obs.)
T, 0 Jets
2.24% (exp.)
1.33% (obs.)
ue, 1 Jet
4.36% (exp.)
3.04% (obs.)
T, 2 Jets
7.31% (exp.)
8.99% (obs.)
H—ut

1.62% (exp.)
1.20% (obs.)

C MS Preliminary
| LI |

2.3fb" (13 TeV)

® Observed

X Expected
- * 1 std deviation
|:| + 2 std deviation

8 TeV [Phys. Lett. B 749 (2015) 337]:—]

Observed

——————— Expected

!

0

3 10 I15I 20 I25
95% CL Limit on Br(H—ur), %
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Status as of last week

Datasets studied:

Experiment Process \s [TeV] JL [fb1]
CMS 1502.07400 H—1pu 8 20
H—ep
CMS 1607.03561 8 20
H—et
CMS PAS HIG 16 005 H—1u 13 2.3
ATLAS 1508.03372 H—1pu 8 20
ATLAS 1604.07730 £ = 8 20
H—o7te
Best Upper Limits:
Process CMS ATLAS
Ho1u BR<1.20% BR<1.40%
H—te BR<0.69% BR<1.04%
H—ep BR<0.048% -

LFV searches Swagato
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CMS (13 TeV, 2016 dataset): H — pt

Events divided into 4 categories to target different productions modes:

[
= (O jet: Targets gg—=2>H events
= 1] jet: Targets gg—=>H events produced in association with a jet
= 2jets, low m;: Targets gg—>H events with additional jets
= 2 jets, high m;: Targets qq=2>H events
= BDT trained on the signal against a selection of background samples
(reducible background for et, and pt,, ttbar and/or Z>t for et, and ut,)
2016, 35.9 fb' (13 TeV) 2016, 35.9 fb' (13 TeV) 2016, 35.9 fb' (13 TeV) 2016, 35.9 fb' (13 TeV)
%jzzzzzél\/is..l’rélim;nar'y. .:Oblserv.edE.Z_—.nfrl E §25000;—6|\[I|S..Prellim;’narly. .:Oblserv.edgz_—;n.rl _; égoooé_él\llls_lpféﬁml:na;}’. .*Y.Oblse"'.edD.Z_—.’T_Tl . é 700 CMS Preliminary 4 Observed[ ]2
T el I W Mo Biome | J 8 S000F i Ziesogemiened. e e Bivier 3§ qoof i, 2k VOFentohed B e e
Lﬁ 3 L|>J - I SM Htt — H—yt (B=5%)] L|>J 60005— [ SM H—>tt = H—pt (B=5%) Lﬁ 500 [ SM H—>tt = H>yt (B=5%
50000 é_ 15000 :_ [ ]Bkg. unc. _; 5000 E— [ ]Bkg. unc. 400
9-1.2- %'1.2- ' ‘- 9-1.2 ] §<5-1.(5J —
i Bt M **ﬁ% G T e ++~H S R |
8 °? 04 ) 0 0.2 8 ”? 04 02 0 02 - 8 " 04 ) 0 0.2 . 8 > 04 02 0 02 .

BDT discriminator

LFV searches
at LHC

BDT discriminator

BDT discriminator

CMS-PAS-H

1G-17-001

26

BDT discriminator
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CMS (13 TeV, 2016 dataset): H — e/u v

CMS preliminary
II|III|III|III|III

ut ,0Jets '
had
0.51% (0.43%)

35.9 fb' (13 TeV)
|III|III|III|

h—>ut: BDT Fit

we 1 Jet ® Observed
had

0.53% (0.56%) l >< Expected
w2 Jets u. - = 1 std deviation
had Y .
0.56% (0.94%) |:| + 2 std deviation
wr, . VBF l

0.51% (0.58%)

ut,, 1 Jet
1.34% (1.19%)

ut, 0 Jets l.
1.30% (0.83%)

wt_, VBF
1.79% (1.62%)

ut, 2 Jets -
2.27% (1.98%)

H—ut
0.25% (0.25%)

IIIIII|III|III|III|III|III|III|
O 2 4 o6 8 10 12 14

95% CL Limit on Br(H—ur), %

= No excess of data

= Best fit branching fraction: 0.00 £ 0.12%

= B(H2>pt)<0.25% at 95% CL

CMS preliminary 35.9 fb' (13 TeV)

et .4 0 Jets
0.73% (0.79%)

h— et: BDT Fit
er, . 1 Jet I e Observed
0.81% (1.13%) X Expected
ov . 2 Jots - = 1 std deviation
had’
1.94% (1.59%) . [ ]+ 2 std deviation
et,,q VBF I |
1.49% (0.74%)
et,, 0 Jets l
1.22% (0.90%)

er,, 1 Jet .

1.66% (1.59%) e C
et 2 Jets

2.25% (2.54%)
et , VBF .

w °

1.10% (1.84%)

H— et
0.61% (0.37%)

0 2 4 6 8 10 12 14
95% CL Limit on Br(H— er), %

Slight excess of data (1.6 O)
Best-fit branching fraction: 0.30 + 0.18%
B(H2et) < 0.61% at 95% CL

CMS-PAS-HIG-17-001

LFV searches
at LHC
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Updated status (LHCP 2017)

LFVH-ut

I I I

—@— CMS —— ATLAS

-1y,
8 TeV (19.7 fb™"): PLB 749 (2015) 337 8 TeV (20.3 fb"): EPJC 77 (2017) 70

13 TeV (2015, 2.3 fb™"): HIG-16-005

13 TeV (2016, 35.9 fb™'): HIG-17-001

0.53 *051 9

0.84 *0-39 9

-0.37

I | I I | I |

0.00 +0.12 %'

-0.12

¢

0.76 *081 %

IIIIlIIIlIIIIIIIIII

| I

IIIIIIIII
llllIllll

I I I

CMS8TeV ATLAS8TeV CMS13TeV CMS 13 TeV
2015

2016

LFV searches
at LHC

Best Fit to B(H— et), %

- N
LIRS N N L N L O B I B B B

o

|
—

lIlIlIIII

LFVH—- et

=@ CMS
8 TeV (19.7 fb"): PLB 763C (2016) 472

13 TeV (2016, 35.9 fb™'): HIG-17-001

0.10 *037 %

f

I
—l— ATLAS

8 TeV (20.3 fb™"): EPJC 77 (2017) 70

-0.34 1084 o,

I

I | I I | T

0.30 *0.19 9%

-0.18

t

|

| I | |

CMS 8 TeV

ATLAS 8 TeV
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LFV decays of the Z boson

arXiv:hep-ph/0010193

Introduction

- Neutrino oscillation predicts LFV in Z decays, but B(Z — eu) < 10709

* Good probe for new physics

* Current constraints:
« Indirect from u — 3e: B(Z » en) <5-10713

LFV searches Swagato
at LHC Banerjee ol




LFV decays of the Z boson (CMS)

CMS-PAS-EXO-13-005

Count events in window around Z mass: (91 £ 3) GeV

 Background prediction of 83 + 9 (b CMS pemnay  s97m'eTey
?6 ? ¢ Data Bkg uncertainty -
. 5 = . -6 =
. Events found in data: 87 g 107 — swnal s ew=rao ] zom :
2 1 04 ;_ - tf, tw, Tw - Diboson, Z—> ee/uu_;
. .. f - Misidentified leptons ]
« Use CLs method to determine limit;: S
>
L

B(Z - e.u)expected < (67t%g) - 1077

B(Z - e opservea < 7.3 1077

051_5:_' ................... Lo """"' ...................... ' ! ] k

S R

80_5_ ................... e - + ..... + ........... -
70 80 90
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LFV decays of the Z boson (ATLAS)

Event selection

* Highpreand u
 Little jet activity
« Little MET

Background estimation
* Side-band fit

* Possible due to the good
mass resolution and the

narrow mass rangc

* Third order polynomial
Shape studied in MC

Mass estimator

* Invariant mass (no MET)

LFV searches
at LHC

Events / 2 GeV

700

ATLAS 1408.5774

- ATLAS
600 &

500
400
300

200

= 20F

0]5

°°°°°° S -10f

0 O 20F
70 75 80 85 90 95 100 105 110 70

Illlllllllllllllllllllllllllllllllllll

(s=8TeV,203 7" WMl Z >t ] 250}

MC stat. error ] 300
Z — eelup

Multijet i
v _"
[ Diboson
B Top

¢ Data
—Zoeu 4
B=1.0x10° ]

200—

150

Events / GeV

100

+ Data
{s=8TeV, 20.3 b

— Fit
---B=75x%x107

x?¥d.of. =0.75

me, [GeV]

B(Z — eu) < 7.5 x 107

me, [GeV]
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LFV decays of the Z boson (ATLAS)

One search channels ATLAS 1604.07737

* /—UThad S owe S
8 3'53_ ‘SARZLAS t :[z)a'—a)m(anﬂo“] _i 8 E 'SAR.’Z-LAS ts :[z)at—a)m(amm*‘l
u\; 3 E=:t;a;v [Lat=2031" =;:’]::(§:;:)s o8 % o =:¥:v [Ldt=2031" =;:e§,;im(°sss) -
Methodology gaep o B =c T
2F N
* Similar to the one employed in 1sf 2f
the corresponding Higgs search E yE
0.5F N
e Cut values are lowered to match of of
. . Q14 Q 14F
the kinematics of Z decays @ 12 5 12|
8 osf 8 08
= Larger background & osk 160 _ 8 os
contribution from W+jets it [GeV]
= Estimated in more bins
Br(Z — pt) (1079) SR1 SR2 Combined
Expected limit 2.6153 Wy 2.675
Observed limit 1.5 7.9 1.7
+1.2 +2.9 +1.3
Best fit —2.17773 2.675¢ —1.6" 4

LFV searches Swagato
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LFV decays of a heavy Z’ boson

- Extended SSM Z/

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

Q1,, Q3 and Q,;

2 N2 2
gZijM]]’

o7 — 1.1.) o
’ M35 — M) + MLTS

=1

,’-I-

v" A general search for heavy resonance [=e,por had

v" Relatively small background due to 2 different flavor leptons Signal: Pythia8

Z' boson LFV decay search
v to ep final states with 7 TeV data (EPJC Vol.71, 12(2011)1809 )

v to ep/ety,/UT,.q final states with 8 TeV (Phys. Rev. Lett. 115 031801 (2015)) and 13 TeV data
(accepted by EPJC, arXiv:1607.08079v1)

LFV searches
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LFV decays of a heavy Z’ boson (CMS: 8 TeV)

Motivations
* 7 sneutrino in RPV SUSY
Wrey = JAieLiLiEx + AL LiQiDy (i, k € 1,2,3)
e Zand y’
* Quantum black holes (non resonant)
e Within a specific model

19.7 b (8 TeV)
L) 1 Ll I L] 1 Ll

10

—_
Q

Data / Bkg

o = N

O LUOINIW @
¥
B
+-

+=

200 400 600 800 1000 1200 1400
M,, (GeV)

LFV searches 34

at LHC

CMS 1604.05239

Background estimation

* Irreducible - MC based
 Reducible - combination

Signal model Lower limit signal
mass (TeV)
Observed  Expected
RPV ¥, (A132 = A231 = A3y, = 0.01) 1.28 1.24
RPV v; (A132 = A231 = 0.05, 7“'311 =0.10) 2.16 2.16
RPV ¥, (A132 = A231 =0.07, A5, =0.11)  2.30 2.30
LFVZ' (k =0.05) 1.29 1.25
QBH n=0 1.99 1.99
QBH n=1(RS) 2.36 2.36
QBH n =1 (PDG) 2.81 2.81
QBH n=2 3.15 3.15
QBH n=3 3.34 3.34
QBH n=4 3.46 3.46
QBH n=5 3.55 3.55
QBH n=6 3.63 3.63

Swagato
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LFV decays of a heavy Z’ boson (ATLAS: 13 TeV)

Events

Data/SM Bkg

LFV searches Swagato
at LHC 35 Uoll.

> Electrons » Muons > Taus

 Kinematic: pT> 65 GeV  Kinematic: pT> 65 GeV  Kinematic: pT> 40 GeV
m|< 2.47 (no crack region) nl< 2.5 m[< 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

Dilepton invariant mass

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

T T T T LI S A T T 1 w T T ™7
e Data € e Data = e Data
10° ATLAS Top Q o ATLAS ) Multi-Jet & Wajet $ 10°L ATLAS . .
uarks 5 . ) o 10 Multi-Jet & W+jet
Vs =13 TeV, 32 b’ o Diboson @ 'OF fs=13Tev. 321" - Top Quarks i fs=13TeV, 321" - Top Quaris
10° ] Multi-Jet & W+jets . S Ures-Yan 10* () Drell-Yan
3 eu channel o g ; el|+ Y?,n 10 et channel —/ g"t:?;‘;lv ut channel ) Diboson
10 —— Z'2Te 10° - RPV¥,15TeV 10° —— Z'1.5TeV
o gg'\: ;{Szggvv ---- QBHRAS1.5TeV - g’;‘é \r'a‘s' -1557$VV
: e 3 Uncertaint 5Te
10 [ Uncertainty 10° reerany 10? 9 [ Uncertainty
10 10 i 10
1 1 1
107" 10" 107"
1072 ) 102 1072
- 3 o
1sE- + 1 T 4 £ 15 g 1.5
1W—+' 4 E (% 1 % 15
- R © a
0.5E- + ++ l 4 B8 os g 0.5
F E o - = o B
200 300 400 7000 2000 200 300 400 1000 2000 - 200 300 400 1000 2000
m,, [GeV] me, [GeV] m,. [GeV]
Dominant: Top backgrounds Dominant: Top + jet fake Dominant: Top + jet fake

Banerjee




LFV decays of a heavy Z’ boson (ATLAS: 13 TeV)

|larXiv: 1607.08079]

ep channel et channel ut channel
T g SARAN RARAN RARRY RARAR RARES RARRS RILRE RIRE Tz g AR RARAN RARENRARAN RAREE RARES RARRYE RELE z 1
= ., - 3 = - 3 g ., -
o« "\ --- Expected limit ] o --- Expected limit ] o " --- Expected limit
% - . I Expected + 1o . ‘g I Expected + 1o ‘g - . I Expected + 1o
107! '\,‘ Expected + 26 = 10" Expected + 20 - 10" "'\,\ Expected + 26
) — Observed limit 3 — Observed limit = ) — Observed limit
- B [ - o A -7
102 102 102
10°E aTLAS E 107 ATLAS E 10°E ATLAS =
- \s=13TeV,3.2fb" . - \s=13TeV,3.2fb" : - \s=13TeV,3.2fb" -
- Z e T 4 L Z'>et S - Z o 4
i p LT T PR T FEET FEETS PP PP ST e i p L TN PR P PP ST P P R L i i LT T PR T FERTT P FPET T P R
05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
M, [TeV] M, [TeV] M,. [TeV]
| New limits considerably extend the previous ATLAS results |
[ ]
Mass exclusion Mode] Expected Limit [TeV] | Observed Limit [TeV |
e er ur e er uT
A 3.2 2.7 2.6 3.0 2.7 2.6

Also interpreted as searches for SUSY RPV or Quantum Black Hole

Model Expected Limit [TeV] | Observed Limit [TeV]
e er Ut eu er Ut
RPV SUSY 7, 25 2.1 2.0 23 22 1.9
QBHADDn=6| 46 4.1 3.9 45 4.1 3.9
QBHRSn=1 25 22 2.1 24 22 2.1
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T — ppp (LHCD)

arXiv:1409.8548
JHEP 02 (2015) 121

Solid black line: observed, dashed black line: expected

)
I

(V)
yIIIIIIIIIIIIIIIIIIIIIII

1

) {

I

LHCb :

Candidates / (10 MeV/c?)

L

1800 1900 BR(z™ — u* u~ w) [x 107
m(u utu”) [MeV/c?]

(R S—Y

/
—14
—

[E—
o)
-
-
[E—
\].
-
-y

= Best limit from BELLE 2.1 x 10783@ 90% CL
= First 7~ — pu~pTp~ limit at a hadron collider

» LHCb limit on the 7~ — u~ "~ branching ratio
B(r— = utp ) <46x107° ©90%C.L.

LFV searches Swagato
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T-— uw u u (ATLAS)

Selection | ATLAS 1601.03567
Cut-based loose selection

Train Boosted Decision Tree and apply loose cut xp on BDT output x
Cut-based tight selection
Apply tight cut x; on BDT output, optimising for the expected B limit

Fit Strategy
» Blinded analysis: ignore signal region: ms,, € [1713,1841] MeV/c”

Estimate background yield from mass sidebands using “tight + x > x¢'
Fit BDT output in region x > xg
Extrapolate background yield for “tight + x > x"

> 25 _| T | T T T T | T T T T | T T T T | T T T T | T T T T T T T T |_ Lo 25 B T | LI | LI | LI | LI | LI | LI | LI | LI T T 7T ]
% - —#— Data (tight+x>x_ selection) ATLAS i g - —4— SBdata (tight+x>x_selection) ATLAS i
| —%— Data (tight lecti a4 N i 4

8 20__ .aa (tight+x>x_selection) s=8 TeV, 20.3 fb 1 B ; 20__ Fit to the SB data (s=8 TeV, 20.3 fb 1 E
g [ — Fittothe SB data i c | m Fit uncertainty _
1] B R Fituncertainty Sidebands (SB) ] G>J C Signal (tight+x>x, selection) i
S L Signal (tight+x>x _selection) -.-.. Signal region - L B i
> 151 ‘ ) — 15— -
T L e e i L |
B e S i B i

10— N ; - 10 -

Jm B : 51 * B

J/:/y 7 S :¢¢ O % ‘i X A‘T‘ 3 §'ff:’}‘ 0 i

0 > & X |) ﬁxﬁh . P Ly ] R 0 NS e OO ey A SO S PO T P S RS R R ST
1500 1600 1700 1800 1900 2000 2100 -0. -06 -04 -0.2 0 02 04 06 08 1

mg, [MeV] BDT score

» ATLAS limit on the 7~ — p~ u"u~ branching ratio

B(r— = pu putp) <376 x107" ©90%C.L.
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T-— p -, p o (LHCD)

_ T _ _
T = Pt TT = puT

C\l\: 75_ | 1 N\: 10: | 1 |
% 6F _ > sk LHCb -
= 5 = :
S F : S & 1
*5 3: : *C-é 4+ -+ |1+ | L+F
= - B = 3 i 1 1 111 LT
‘% g: T : Fc% 2k U I S G f_//__/ N B B
O 1F + |+ = O b ] 1
of LT N 0 L T R P B
1800 1900 1700 1800 1900

m@utu’) [MeV/c?] m(pu u) [MeV/c?]

Observed limits B(t~ - pptu ) <33x107 and B(r~ — pu ™ p~) < 4.4 x 1077,
at 90% CL: Physics Letters B 724 (2013)

| T T T T T T T T T T

20 a0 60
BR(t™— P u* u) [x 107 BR(t™— p u” u)[x 107

Solid black line: observed, dashed black line: expected
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