) 5%
ATLAS Z 2

Lepton Flavour Violation at
ATLAS & CMS

Shikma Bressler on behalf of the ATLAS & CMS collaborations

* Hotu/te/ue

o Z—oTu/te/ue

* Heavy X—tu/te/ue
e Others

jaraspraralinial i -
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LHC results
Higgs decays
Experiment

CMS 1502.07400
CMS 1607.03561
CMS PAS HIG 16 005

ATLAS 1508.03372

ATLAS 1604.07730

21 April 2017

Process

H—tu

H—ep
H—et

H—1u

H—1u

H—1u
H—ote

Library

Vs [TeV]  JL [fb]

8 20
8 20
13 2.3
8 20
8 20
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[LHC results
Z decays |
Experiment
CMS PAS EXO 13 005
ATLAS 1408.5774
ATLAS 1604.07730

Heavy resonances & others

Experiment
CMS 1604.05239
ATLAS 1503.04430
ATLAS 1607.08079
ATLAS 1601.03567

21 April 2017

Process
/—ue
/—ue
/—TU

Process
X—ue

X—TU
X—Te
X—ue
X—>TU
X—Te
X—ue
T—3U

3

Library

\s [TeV]

\s [TeV]

13

JL [b1]
20
20

20

JL [b1]
20

20

3.2

20
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In general :

Theorz .

* Lepton Flavour is an accidental symmetry of the standard model

« Broken by neutrino oscillations = implies also breaking 1.e at Higgs decays but
at a very low rate (< 10-49%)

 Many models predict LFV decays of Higgs and/or Z and/or other massive
resonances

Experiment

« Complementary efforts are made by both collaborations

 Different methods are being employed
=> stringent cross checks

=> different systematic uncertainties
* Detector performance plays a leading role
 Steep lepton reconstruction turn-on curves
« High lepton pr resolution
« Misidentified lepton rate = the lower the better

21 April 2017 4 S. Bressler V770 1% 1020 g




H/Z decays

21 April 2017

Process
H—1u
H—te
H—ep
/—TU
/—Te

/—el

Executive summary - April 2017

CMS
BR<1.20%
BR<0.69%

BR<0.048%

BR<7.3x107/

ATLAS
BR<1.40%

BR<1.04%

BR<1.69%10

BR<7.5x107

S. Bressler 377?35 1037 1O




H/Z decays Executive summary - April 2017

Background model strategy The symmetry
method
Process CMS ATLAS

H—1p BR<1.20% BRH1.40%
H—te BR<0.69% 1.04%
ey -
o~
/—Te -

BR<7.5x107

Due to the excellent

Z—ep BR<7.3x107

Data driven

MC based mass resolutions

The choice of method dictates the uncertainties and hence the sensitivity

21 April 2017 6 S. Bressler V170 123 1107 g




H/Z decays Executive summary - April 2017

Misidentified lepton estimation strategy

Process CMS ATLAS
Ho1u BR<1.20% BRK1.40%
H—ote BR<0.69% BREL.04%
H—epu BR<0.048% -
Z—TU - 1.69x107
/—T¢e - -
Z—ep BR<7.3x10"/ BR<7.5x1077

Reversed isolation criteria
Thad - Estimation in same-sign region
Tiep - Estimation using the Matrix Method

21 April 2017 7 S. Bressler V77 1% 107 [




8 TeV Higgs decays CMS H—-tu

CMS 1502.07400

21 April 2017 8 S. Bressler Y gax Eelinad i




8 TeV Higgs decays

Two search channels
* H—UThad
* H—ute

Three jet categories

e (-jets = targeting ggF production

e l-jet = targeting ggF production

« 2-jets = targeting VBF production

Mass estimator
e (Collinear mass

21 April 2017

CMS H—1tu

Background CMS 1502.07400
o /1T
* Embedding (simulated t response 1s
embedded in Z—puu data sample)
« Misidentified leptons (W+Hjets, QCD)
* Based on reverse 1solation criteria
» Validated 1n a same-sign region

Region I Region II
Eit(isolated) Eli(isolated)
¢5 (isolated) /5 (isolated)

Region III Region IV
¢ (isolated) ¢ (isolated)
¢3 (not-isolated ) | 45 (not-isolated)

* Other (ttbar, H—1t1, WW, ZZ...)
 From simulation

9 S. Bressler Y720 193 1073 o
WEIZMANN INSTITUTE OF SCIENCE  F{ (S




8 TeV

H— UTe

H— LLThad

19.7 o' (8 TeV)
— T u T .l v T v v o v
® Data, ",
[ Bkgd. uncertainty
[ 5M Higgs
l :] 2w
B Other
T | | A%
‘5[] misicentitied leptons
----- LFV Higgs {B=0.84%)

40

Events /10 GeV

10

O

[+
g W

<o

Cana-Ogo 870
Bod (1)

0 100 200 300
M(ur,),, (GeV]
19.7 o' (8 TeV)
> Ll Ll L l T T v L ' T T L T
& CMS e Data, i,
© 500 utr O-Jet [ Bkgd. uncertainty
- n [ SM Higgs
&8 Clzew
S 400 . Ot
w | A%
] Misicentitied «
acl 0 '™ R LEV Higgs {B+0.88%
200
100

ﬁ‘fmg% GeV]

Higgs decays

Events /10 GeV

Data-Bega 41

100

Data-Beod $41)

70

60

S0

CMS H—-1tu

19.7 fo (8 TeV)
————

® Data, W,
[] axgd. uncortainty
I 5M Higgs
:] F AR
B Other
et
[ misicentttica leptons
..... LFV Higgs (3=0.84%)

200

300
M(ut,)_, [GeV]
19.7 fo' (8 TeV)

> a0 ' ;
8 : cMs ® Data, ar
o 100k ] exgd. uncertainty
- P SM Higgs
2 140 L
:q:, B Ot
Lﬁ 120 [ AN
[ misicentitica -

..... LFY Higgs (8+0.84%

- - v . — T T L1 -
8 cMs & Dafa, ue -
8 18 ur 2. Jot [[] sxga. uncertainty —:
SM Higgs ]

L — i9g .
2 ) 2w ]
5 1 — b E
&.J [ EEN ,
2 [ misicentitiec « ~ —

..... LFV Higgs (8+0.88%) -

CMS 1502.07400

19.7 fo (8 TeV)

T
®  Data, pm,
[] 3uge. uncertainty
I sm Higgs
[:] L2y
B other
s i e 1

[ misidentiticd septons

Events/ 20 GeV

..... LFV Higgs (B=0.84%

Data-Bsga 41

7200 300
M(ut,)_, [GeV]

19.7 fo” (8 TeV)

s loaliselisal
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8 TeV Higgs decays CMS H—-tu

CMS 1502.07400

CMS 19.7 1b" (8 TeV) CMS 19.7 b (8 TeV)
pTc.OJelS e i —_— T m.OJets””l AN RN AR BAALE LLULEE LR B
1.32% (exp.) < :f ,. Observed 83 068 e
lf)) e % Expected ] i i @ . CMS 9.7 1b" (8 TeV)
we , 1 Jet ‘ ut , 1 Jet 1 19.7 1 e
S Ay [ expected - 10 G -
?‘ 2:3244.- :o::z | . D Expected <20 | 0.81 10 % ;5"
ue, 2 Jets ut, 2 Jets —
RS [ | e ’ | 10"
ut,, 0 Jets wr 0 Jets
e | [ | e | ‘ |
e, 1.Jet ur, 1 Jet -2
o e | e ‘ | N e
CG !-“,|. 2 Jets we,2dets| 0 e .-_
lf 60 (one) - 18 0 ' : o
—~ R - 100
0.75% (exp.) I 1 0.84 0B e FEEE o
T 1.51% (obs.) 1. T T - T T T T T T Z
e AR B 0 15-1-050 05 1 1.5 2 25 B 5
m 95% imit on B(H—ut), % Best fit to B(H—ur), % 101 0+ 109 102 10" 1
Y T|
Expected Limits .
0-Jet 1-Jet 2-Jets
(%) (%) (%) \/ Y,r|2 + |YVru|? < 3.6 x 107°
Ute | <1.32(£0.67) | <1.66 (£0.85) | <3.77 (£1.92)
Ut | <2.34(£1.19) | <2.07 (£1.06) | <2.31 (+1.18) _ )
Ut <0.75 (£0.38 ) Y. - Off diagonal Yukawa coupling
Observed Limits
UTe <2.04 <2.38 <3.84
UTh <2.61 <2.22 <3.68
UT <1.51
Best Fit Branching Fractions
. 0. 1.
i | 08778% | 0s1E | 0050hE
ut | 0417350 0.2173105 1487555
UT 0.84153
21 April 2017 ¥ S. Bressler 70 1792 020 [
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8 TeV Higgs decays ATLAS H—Thadu

ATLAS 1508.03372
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8 TeV Higgs decays ATLAS H—Thadu

One search channel Background ATLAS 1508.03372

* H—uthad bk
g _ _ azdata Z-1T Loy
Nos” =rqcp - Nss™ + Nog“ss + Nosss +
Two signal regions + NI + NoP o+ NGY_ oo + NETT

__ as7multi—jet ,» ;multi—jet

e /1T

* Embedding (simulated t response 1s
embedded in Z—puu data sample)

Misidentified leptons (W+jets, QCD)

T (GeV) « By rocp

Other (ttbar, H—11, WW, ZZ...)

* From simulation

Fraction of Events

Mass estimator - MMC

* Missing Mass Calculator
Exploiting the T decay topology

Use the T mass a a constraint
https://arxiv.org/abs/1012.4686
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https://arxiv.org/abs/1012.4686

8 TeV Higgs decays

x10° ) x10°
> £ | I S B S R R R 3 > F * * ' * 1 * * * 1T ' °
) 1'8:_ ATLAS —e— Data 2012, 20 fb” = O 35—~ ATLAS —e— Data 2012, 20 fb”
(D 1,6:— SR1ut _events p— H(12.5) => (BR:ZS‘E_] (D E SR2urt__ events w—H(125) - ™ (BR =25%
S_J 1.43_ Vs=8TeV [Ldt=203" -:a;;e;s‘;:sss) e S_D 3:- Vs=8TeV [Ldt=2031" -i/:.l:;(:::é:)sss)
~ c B Z > o+ jets (0S-SS) - 253_ I same Sign
%) 1.2 B Z - pp+ VV(0S-SS) — %) = B Z - up+ VV(0S-SS)
'E’ - Syst. Unc. - "E = 777} syst. Unc.
1= = 2f
o : 2 F
1w 08 W 15—
0.6F 3
0.4 =
0.2 =3
0; = : | : L L L ) -
$ 14 = 2 14 4 ]
m - = m 1.25 — =
; 1.21: 3 ; 15% 55 SRR S %/// » _+7 /(///,I////lr 7 /IE
S os- E T 08 11 E
100 150 50 100 150
MMC MMC
my,"~ [GeV] my,"~ [GeV]
SR1 SR2 Combined
- +0.64 +0.50
Expected limit on Br(H — ut) [%] | 1.607 5 1.247 35
Observed limit on Br(H — urt) [%] 1.55 1.85
Best fit Br(H — pt) [%] —0.07+0-84 0.77+0.62
21 April 2017 | 4

ATLAS H—>ThadH

Events / 10 GeV

Data - Bkg.

ATLAS 1508.03372

x10°
T I | -
3 :_ ATLAS —e— Data 2012, 20 fb" I
: [Th events H(125] - U (BR =0.77%}:
2.5— rad » B Z 5 cc+jets (0S-SS) —
- {s5=8TeV [Ldt=2031 W + ets (05-8) ]
~ B same Sign ]
2__ Bz 5 u+ VV(0SSS) ]
" /) Syst. Unc. 7]
1.5 -
11— =
- e
0.5 =
0F
100=
50
- /
— s i, %
0 - 7 7 / /r
50
50 100 150

SR1+SR2

S. Bressler V737 3% 11020 o
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8 TeV Higgs decays ATLAS H—-tu/te

ATLAS 1604.07737
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8 TeV Higgs decays

Two searches & search channels

ATLAS H—-tu/te

ATLAS 1604.07730

S S
° H_)ethad %J 1'4; ATLAS ::r':zsl » et laa-zs%)% % > ATLAS :z::;s) » et lsn-zs%)E
g - SRier,,events — »:um;(os-s;S) j O 3~ SR2er, events — .::.m;(os-s-su 3
© 1.2 (s=8Tev [Lat=2031" W + jets (0S-SS) — 9 fs=8TeV [Ldt=2031" W + jets (0S-S8)
¢ H_)HTC & H_)eTH — 1i =§m.’fem("o(m.':)n (0S-SS) 3 ~ 2.5 =§m»eoso|°("¢(o:':)l (OS»SS)€
g E 5 :;::r :::korounds (os-ssj g 5 E :;::r :::karound: (OS-S-:E
2% E Q :
T 0.6: j; 1.5 —
H—eThad 04 E ‘ SR2 -
. . 0.2F 05 3
e Similar to H—uThad o q 02 :
g 2E AAAAAAAAAAAAAAAAAAA E (¥D 2E I i i " l : . i : l . i A+A AAAAAA
o . o - - 1.5
« Similar SRs and methodologies O i+ ; S ORI W -
I Eatmassasaaiantires BN I AT
O 0% 40 180 200 250 O 5100 150 200 250
, mMMC [GeV] m¥MC [GeV]
Mass estimator o
> T T7rrr T T
L MMC 8 E ATLAS ::?:ZS)—»alBR:T%) N
) 2.5— et ,events Z - 11 + jets (OS- ]
H Thade — - {s=8Tev [Ldt=20310" —% iets(tl')S-S(:)s >
A B I Same Sign (Data) i
~ 2 B Z - ee (e — 1] (0S-SS) ]
n - I Other Backgrounds (OS-SS)-
. . = B [7777] syst. Unc. i
Background estimation g 15
L C
bkg data 71T Z—pp T
Nos =rqep - Ngg™ + Nog“ss + Nog_ss + 05k
W+jets top 4% H-tr
+Nog ss + Nos_ss T Nos-ss + Vos_ss>
21 April 2017 16 ]




8 TeV Higgs decays ATLAS H—-tu/te

ATLAS 1604.07730
H—-tep & H—-1p0

] % """""""""" ATI'LAS """"""""""""" % VII[A'}'LAS """""""""""""
MaSS €St1mat01‘ ‘3 10°E Vs=8TeV det:zo.sfb" E ‘3 10°E Vs=8TeV det:go.sfb"
g . -
. ..\@ ...... —— Data ep SR E —e— Data pe SR
¢ C 11 s | | % e Symm. background s [ | = o Symm. background
O lne ar mas S Ll>J 102 —— Tot. background = Ll>J 102 —— Tot. background -

Post-fit uncertainty

Post-fit uncertainty —— H~> pt (BR=1%)

Two signal regions £ Ty _ .

° S - o —— =
RnoJets : - - ﬁ -
:H‘}' ......................................... é :\'Jl:xl. MEPEETEN S S| l“.luuluul....E

° SRJ ets

BaCkgI’OUIld - the Symmetl'y aSSUInpthl’l 0 50 100 150 200 250 300 350 400 4—50 0 50 100 150 200 250 300 350 400 4;30
M., [GeV] Mg [GeV]

o &
o i

Data/Bkg
: \ b
+
=
=
e
1
SN
Data/Bkg

* Comparing ey and ue events

> T T T > T T T T T

3 ATLAS i 3 ATLAS i

o SM t t . t th O o7l Vs=8TeV det=2o.3fb" | =P Vs=8TeV fl_dt=2o.3fb" _

CVCINLS arce symmeturic to tne 3 o+ Dsasusn__ ] Z I e Daayesh_ ]

S | %, Symm. background - s r | s ?y;ngm t::;r;zg;odund 1

JR— n —— | Ot. baci u T

replacement of prompt electron £ Tomogore 1 3 i |
L 4 — H-eupr =1%

—_

o
TTTT]
|

—_

o
TTTT]

with prompt muons _ : : :
» Signal events break this symmetry L et : 2 ﬁ e

» Correction for asymmetric componenets gi e S s 1 e = L Lo
' ' K e 1 S
* Fake and non p romp t leptons ° % 50 100 150 200 250 300 350 400 450 - % 50 100 150 200 250 300 350 400 450
Mean [GEV] Mgy [GEV]

* pr dependent effects

« Uncertainties governed by statistics =

Room for significant improvement when more data 1s available S e
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8 TeV

Higgs decays

I I I T I | LI I 171 T T T T I | T I | T LI
ATLAS §55% Expected + 10
- Expected + 20
- - -1
s=8TeV [Ldt=2031 — Observed
| [ ] Excluded B
- et ., Comb
- er'@’ SRnoJels
— erlen’ SRthJets
- et,,, Comb
. et, Comb
1 l 111 | 1 1 1 l 1 1 1 l 11 1 l | I 1 1 | I | I
0 2 4 6 8 10 12 14

95% CL upper limit on Br(H — et), %

T I L I | L I T T L 17 I T T T | 1T
ATLAS 5 e -
- Expected =+ 20

- — -1
s=8TeV [Ldt=203fb ————
| [ ] Excluded N
- ut , SR1
had
—
had
.l ut , Comb
had
- 'utlep' SRnoJels
— 'utlep' SRwﬂhJels
: - 'utlep’ Comb
1
|
: . ut, Comb
1 | 1 1 1 | 11 1 | 1 1 I 11 1 | 11 1 | 1 1 | 11
0 2 4 6 8 10 12

14

95% CL upper limit on Br(H — ut), %

21 April 2017

ATLAS H—-tu/te

ATLAS 1604.07730

Channel Category  Expected limit [%] Observed limit [%] Best fit Br [%]
1.06 1.48
SR1 2.817579 3.0 0.3371%5
Hoer  SR2 295518 224 ~13300%
: 0.82 1.08
Combined 2.07+082 1.81 —0.4771 7%
SR pojets 1.66+072 1.45 -0.4570%
H — ety SRyithets 3.33*1%0 3.99 0.74*12
: 0.60 0.79
Combined 1.48% 1.36 —0.267 o5
. 0.49 0.64
H —» er CCombined 1.21753, 1.04 —0.3475 ¢
0.64 0.81
SR1 1.60*3-64 1.55 -0.07+581
H — pthag SR2 1.75*571 3.51 1.94+0-22
: 0.50 0.62
Combined 1.24+9-59 1.85 0.77+362
SRpojets 2.031033 2.38 0.3139%
H— ptiep SRyithrets 3.57+H78 2.85 ~1.03*1%
: 0.74 0.88
Combined 1.73%5 49 1.79 0.03%¢¢
. 0.40 0.51
H— @ 1.01#040 1.43 0.53+031

S. Bressler
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8 TeV Higgs decays CMS H—te/en

CMS 1607.03561
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8 TeV Higgs decays

Two searches
e H—er
* H—epn

H—et

e Similar to H—ur
* Collinear mass
* Niet-based categories

Background

CMS H—te/en

CMS 1607.03561

19.7 o™ (8 TeV)

19.7 o™ (8 TeV)

O-jet

1-jet

2-jet

e Z—11 - embedded sample

Expected limits at 95% CL (%)

« Misidentified leptons
scaling from sample with

reversed 1solation

e Other - MC

21 April 2017

7 S—— PRS—
| <1e3(38) | <154 (33) | <1 (88) o
M., [GeV]
et | <271 (*3%) | <276 (*8%) | <355 (143) L o e
¢ Observed, er, ]
eT <0.75 (£335) -
Observed limits at 95% CL (%) -r" o E
et, | <1.83 <094 14 B
et, | <3.92 <2.88 | :
et <0.60 -= .
2% o5k AR BAMEES A H KA B & 3 -/ =g S D S AL
20 & 2 0 700 200 o igsster 100 200 300
a M., [GeV] & M., [GeV]

> 160_ vvvvvvvvvvvvvv 7 > 1?20 — 7T T 7T T T
& [ CMs ¢ Observed,er, A & [cCMms ¢ Observed,er, |
o 140 Bkgd. uncertainty o “‘3_ Bkgd. uncertainty -
hay et, 0-Jet I SM H(125) ] T 1000—er, 0-Jet . I SM H(125) —
2 ool Z>we 41 ¢ f - Zow
5 r .ttt 5 ittt
& - I Other . o 800~ I Other -
1001~ Misidentified u | Misidentified t
..... LFV H(125) 4 n -e-e- LFV H(125)
80— (B=0.69%) — 600— I o (B=0.69%) —
C ] B
60— 1 -
C -*j} [ ] 400— & -
sl o ] =
- 1 - (]
C $ 2000~ » h“ .
20~ e - o bng,
L - 4
" .. 09
= O = op | e 'E
[ 05F - £|__ 05F : :
g’g O 4 +‘g§§§.§,’.§‘§éé+§§++‘ 'g’i_:, 05_.. ..v?...‘o.....D..'..,...!...§¢¢§§.’.é
5 B,-0.5¢ ? & g, -0.5F E|
sl 0 100 200 300 w®lF O 100 200 300
g Mcol [GeV] S Mcol [GeV]
19.7 o™ (8 TeV) 19.7 o™ (8 TeV)
> 14— —r ] > T T .
8 L CMS ¢ Observed, et | 8 L CMS ¢ Observed, er, -
O iaal Bkgd. uncertainty o C Bkgd. uncertainty ]
H(125) N 2s0—et, 1-Jet N SM H(125) ]
) ) 2 r Z-ve .
- - S - Bttt t ]
3 [} s b
|Ye1-| -+ |Yre| <24 x10 s kner 1 3 wof I Other N
sidentified u + i Misidentified © -
H(125) e LFV H(125) ]
=0.69%) 150 g (B=0.69%) ]
60 | — ]
= n -
I | : n : "




8 TeV Higgs decays CMS H—te/en

CMS 1607.03561
H_)e l,l« 19.7 b (8 TeV) 19.7 ’fb"l (BIT(?V_)

—
o
o

> C q1 = F ]
8 - Sﬂﬁcl. jets ¢ Observed 1 8 8:_;2" Var + Observed E
~ i — background fit -~ C — background fit
% 80 ‘ - LFV H(125) (B=0.1%) _| g 7:_ -~ LFV H(125) (B=0.1%) _
. () . : | o 6 =
11 categories g ﬁ : Inclusivejet § 5 | VBF
: - categories | . cat E
* Motivated by detector performance o 4 3
. . . . - 3 :
 Signal mass resolution varied with lepton : ) €
. 201 ]
region I AN + i hi | =
tion di Pio™f20 7e0 0 180 fe0  Pio 20 130" 140 150 760
. Backgrounq composition dictated by the MGV, Ty
number of jets o e BB T
100 -
RN R
_.g 80~ + -~ LFV H(125) (B=0.1%) |
(] . ]
Background g L
60_ 1
* Functional fit ol 1 All categories
Category | Description N-jets  p% EMiss | Background model combined
[GeV] [GeV] | Function Order 20(
0 €BUB 0 >25 <30 | polynomial 4 i ]
1| esup 1 >2 <30 |polynomial 4 Pio™Th0 15640150760
2 eBUB 2 >25 <25 | power law 1 M,, [GeV]
3 eBUEC 0 >20 <30 | polynomial 4
4 eBUEC 1 >22 <20 | exponential 1 I B(H — e‘u) < 0.0480/0 at 950/O|
5 eBUEC 2 >20 <30 | exponential 1
6 €ECHB or EC 0 >20 <30 | polynomial 4
7 €ECHB or EC 1 >22 <20 | power law 1 2 2 —4
8 €ECHB or EC 2 >20 <30 | polynomial 4 |Ye]4| + |er| < 5'4 X 10
9 VBF Tight 2 >22 <30 | exponential 1
10 VBF Loose 2 >22 <25 | exponential 1
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- Higgs decays CMS H—-tu

PAS HIG 16 005
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Higgs decays CMS H—-tu

Analysis similar to run-1 PAS HIG 16005
* One exception - o
Z—1t model also from MC Expected limits
.o ° O-jet 1-jet 2-jets | Combined
e Deficit in the H mass window 5 i . .
(%) (%) (%) (%)
UTh <4.17 <4.89 <6.41 <2.98
ute | <2.24 <436 | <731 <1.96
T
CMS 1502.07400 m» Y, /(/(%;wed limits
Expected Limits -jet 1-jet 2-jets | Combined
0-Jet 1-Jet 2-Jets (%) (%) (%) (%)
- 2(°8 S =T 66((@ =3 77(‘@ 5 <4.24 <6.35 <7.71 <3.81
Ut | <. . <1 . <3. .
uTy | <2.34 (£1.19) | <2.07(£1.06) 1.18) e <1.33 <3.04 . <8.%9 <1.15
>t C<0.75 (£0.38 43 <1.20 %
Observed Tifmits Best-fit branching fractions
e <2.04 <2.38 <3.84 . : : .
, <261 <229 <3.68 O-jet 1-jet 2-jets | Combined
Wt <151 (%) (%) (%) (%)
Best Fit Branching Fractions Ut 0.12“_?'8% 1.70fg'§; 1.541_;'% 1.121_%'38
. 7+0.66 0.81+0'85 0.05+1.58 : ) ' .
UTe 0.87 62 —0.78 —097 T ) 11+1.30 ) 18+1.99 2 04+2.96 —1 81+1.07
wt | 0411120 0.21+103 1481116 He 1189 292,05 o —3.31 ©1-1.32
ut 0.84193 Wt —0.76 (54 %
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8 TeV Z decays CMS Z—pe

CMS-PAS-EXO-13-005
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8 TeV Z decays CMS Z—pe

Background estimation CMS-PAS-EXO-13-005

1 06 é:MS 'Prleli‘mi'na'ryl e 1'9.[7 flb'1'(8' T'eVE) 9I\IIIS fre'ﬁm'inalryl ' : ———— 1?.7'fb'; ® Te'zv_)
E E ¢ Data . Bkguncertainty 3 g 200;_ ¢ Data _;
Z _) gg (g — e, y’ T) 8 105 ;E — signal, BZo ep,)=1><10'6|:| - ‘Eg 8 ::28;— * Bkg uncertainty —;
: - . E . ——— Signal, B(Z— ep)=110"° ]
WW, WZ, ZZ ‘2 104 :E |:| ft, tw, tw - Diboson, Z— eeluuaz 2 10 9 U E
- MC _b aS e d ..VE, - |:| Misidentified leptons ] ..2 e ]
it :>J> 10% Ertemen E 3 :: gg; E
tW /TW \ 107 1 af
Misidentified leptons multi-jet region 10r = TTEIREGESS : ooF E
;E E 20_ ””H“.ZII‘ZIZ‘ |_-:
— | 031_5__ '!:::: - - .?,_
% 1: .... poconsees B —+— RP0OO000Od0000 ! ]
Mass estimator 0 | 17 A ——
. 80 90 100 110 G 1V2)0 80 85 90 95 1(2?; V)
e e
* Invariant mass (no MET) o o
Uncertainty
Source Background Signal
Luminosity 2.6% 2.6%
Pileup 3.3% 0.8%
7 Trigger 0.3% 0.5%
- Muon Id 0.5% 0.8%
B (Z — e}'l ) < 7'3 10 Muon pr scale 2.9% 0.2%
Muon pr resolution 0.4% 0.1%
Electron Id 0.5% 0.8%
Electron energy scale 3.1% 1.1%
Electron energy resolution 0.3% 0.4%
Jet energy scale 0.2% < 0.1%
Jet energy resolution < 0.1% < 0.1%
Efpiss 0.6% 2.2%
Dilepton pr 0.4% 1.1%
PDFE 1.0% 1.0%
Limited number of simulated events 10.6% 1.2%
Normalization (Tab. 1) 6.8% 3.3%
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8 TeV Z decays ATLAS Z—pe

ATLAS 1408.5774
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8 TeV Z decays ATLAS Z—pe

Event selection ATLAS 1408.5774

* High preand u O
_ . 4 . . . LI | LI I LI I LI I LI @IM&}I Itl tI.l I i I: 300 IATLA[S I I I I I _—
» Little jet activity . ATLAS Zoveohn Mo { oua :
600 - l s=8TeV,20.3fb" ]
v . — _ 4 BlZon ] 250(— —
e Little MET (5=8ToV. 20315 Multjet - — Fi :
500 W . % 200 _
I Diboson ] O B + =" B=75x107 ;
- - T 400 -:)p 1 g 150 4.0, = 0.75 .
Background estimation O bowm 12 Kreen= :
~ — &6 ] B N
. 5 _ 5 - 100 -
e Side-band fit g 300 B=1.0x10° ] : :
> = i
. L 50— ]
* Possible due to the good 200 5 ;
mass resolution and the = 2E[E0
narrow mass range CI
: : 0 7675 86 85 90 95 100 105 110
e Third order polynomial A e, 1GEV]

Shape studied in MC

‘B(Z — epu) < 7.5 10"7‘

Mass estimator
* Invariant mass (no MET)
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8 TeV Z decays ATLAS Z—1pu

ATLAS 1604.07737

21 April 2017 28 S. Bressler D‘mb 122 101 g




8 TeV Z decays ATLAS Z—1pu

777/ Syst. Unc. V) Syst. Unc.

ATLAS 1604.07737
One search channels
. Z “Thad > .>-<1 03' ! ' I ! ! ! ! I ! > 5 ><—103‘ T ! I I —]
8 35 ATLAS —— Data 8 [ AmLAs —— Data
0 "E SR ut,, events w—Z - w (BR=10°) o) SR2 pt,_ events m—Z - 7 (BR=10"] i
3 °F SreTev JLamzman B LT LN00ST S ‘F GeeTev [Lat=203n g a5
'E - I same Sign E = W + jets (0S-SS)
Methodology § 2sf — o g A E
9 C

» Similar to the one employed in
the corresponding Higgs search

e Cut values are lowered to match
the kinematics of Z decays
= Larger background

100 150 100 150
contribution from W+jets i (GeV] e (GoV]
= Estimated in more bins

Br(Z — ut) (1079) SR1 SR2 Combined
Expected limit 2.6753 6.4, 2.6153
Observed limit 1.5 7.9 1.7
Best fit —2.1’_“}:% 2.6“:%:2 —1.6“_L{:3
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8 TeV  Heavy resonances CMS X—pue

CMS 1604.05239
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8 TeV  Heavy resonances CMS X—pue

Motivations CMS 1604.05239

* 7 sneutrino in RPV SUSY
Wrev = 3AiLiLiEx + Al LiQiDy (i,,k € 1,2,3)
e Zand y’
* Quantum black holes (non resonant)
« Within a specific model

Background estimation
* [rreducible - MC based
 Reducible - combination

19.7 o' (8 TeV)
L L) 1 I L} 1 1

; 10° g: Signal model Lower limit signal
Q . mass (TeV
O 10° . (TeV)
e ] Observed  Expected
5 10? =
£ - RPV ¥, (132 = Aga1 = Ay = 0.01) 1.28 1.24
z 10 E RPV ¥, (A3 = Aga1 = 0.05, 24,, =0.10)  2.16 2.16
Voo N RPV ¥, (A32 = Aga; = 0.07, Ay, =0.11)  2.30 2.30
1 ; LEV Z' (x = 0.05) 1.29 1.25
10 QBH n=0 1.99 1.99
102 QBH n=1(RS) 2.36 2.36
. QBH n =1 (PDG) 2.81 2.81
0 | | | | _ QBH n=2 3.15 3.15
g 25 E QBH n=3 3.34 3.34
E 1'51 W++_.‘_++ ................................ __é QBH n=4 3.46 3.46
Sosk ~ T B LI s S QBH n=5 3.5 3.55
200 400 600 800 1000 1200 1400 QBH n=6 3.63 3.63
M,, (GeV)
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- Heavy resonances ~ ATLAS X—tu/te/ue

ATLAS 1607.08079
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Heavy resonances ~ ATLAS X—tu/te/ue

ATLAS 1607.08079

Motivations Background estimation

A * Irreducible - MC based
* Assumes SM coupling to quarks < With some extrapolation when the
e Only one LFV decay is allowed MC statistics 1s limited

e 7 sneutrino in RPV SUSY  Reducible - combination

* Quantum black holes (non resonant) Model Expected Limit [TeV] | Observed Limit [TeV]
] . ] eu er Ut ey et Ut
* Within two specific models z 3227 26 | 30 27 26
RPV SUSY 7, 25 21 20 | 23 22 19
QBHADDn=6| 46 41 39 | 45 41 39
QBHRSn=1 | 25 22 21 | 24 22 21

" ‘e 'Data

2 ok amas e Daa 2 ATLAS ! . £ . F amas e Daa
S 1 @ Top Quarks @ 10° . [ Multi-Jet & W+ijets o 10 ; [ Multi-Jet & W+jets 5
o \s=13TeV, 32 [ Diboson & Vs=13TeV, 3.2 @R Top Quarks O \s=13TeV, 3.2 @R Top Quarks
10* ] Multi-Jet & W+jets . C— Drell-Yan 10* [ Drell-Yan
e channel ] Drell-Yan 10 et channel [ Diboson ut channel [ Diboson
10° Z'2TeV , R e Tev 10° ——— Z'15TeV
e RPVV, 2 TeV 10 QBH RS15T - RPVV_ 1.5 TeV
-- 5 TeV T
102 ---- QBHRS2TeV 3 Uncertainty ) ---- QBHRS 1.5 TeV
1 Uncertainty 102 10 g [ Uncertainty
10 10 ﬂ 10 -""‘r " LL
e [ = = d C R
1 1 - Uz —— -
i b
10°" 10°" 10°" i
102 1072 : | 10
o l = ; o E E o
& 15E + 1 T = & 15Hw +J+_+ ~~~~~ e i = < 15
s E { E s E - -+ + E s
R TR e A : 5 e et o - : 5 1
s E+ T+ 5 sk — : 3
8 05_ | S = 8 0.5: - = 8 0.5
200 300 400 1000 2000 200 300 400 1000 2000 200 300 400 1000 2000
m,, [GeV] M. [GeV] m,. [GeV]
(a) eu channel (b) et channel (c) ut channel
. 5 >] Sy
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8 TeV Others ATLAS 1—3u

ATLAS 1601.03567
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8 TeV Others

Search channel
* Wo1tv ;73U

Main discriminators
* 3 nearby muons

* mr = \/2p,3r”EfrniSS(1 — cos Ag),

* T lifetime = muons originating from

a secondary vertex

* M3y~ My

21 April 2017

ATLAS t—3u

Strategy

ATLAS 1601.03567

» Step 1: event selection based on the
discriminators

» Step 2: BDT - with loose selections
* To ensure enough statistics

* 16 input variables

 Step 3: tight cuts on the BDT output score

* Step 4: optimize selection based on
estimation in the sideband region

Region Range in m3, [MeV]
Signal region [1713,1841]
Blinded region  [1690, 1870]

Sideband region
Training region

[1450, 1690] and [1870,2110]
[750, 1450] and [2110, 2500]

Background

* Main source: Heavy Flavour decays
» Extrapolated from the sideband region
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8 TeV Others ATLAS 1—3u

ATLAS 1601.03567

S T oty atias ] > O[T T T T T T T[T T
% w0 Fitto the SB data (s=8 TeV, 20.3 fo 1 % - —¢— Data (tight+x>x ' selection) ATLA =
T T B33 Fit uncertainty ] - —
[ - o . - i i
§ S s, sobcton) : 8 | D-ata (tight+x>x_selection) /s=8 TeV, 20.3fb"
15~ 1 0 20 Fit to the SB data ]
103_ _ _.(é) - Fit uncettainty Sidebands (SB) ]
: T © - Signal (tight+x>x0 selection) -.--- Signal region -
|- 1 > 15 ) | —
# : u-l | adiersessisiens ariaisisiiii'ie _
0 o SR . —.\’- .-’\— -

08 -06 -04 02 0 02 04 06 08 1
BDT score

10—

B I . L R

CRK XX XKD
B o000 9%
!.«l - SRR
IO 97000 02020 95028 42050, 92676, $70%6 @0% e e a"a"a"a" 707 47e% %% oere z;:Q:Q:A
DR S S A PP P A QRIS
PRIRR R LTI SHPNA K XL PEIYRRKE:
XXX XK X D> I i - - R 9 9.0.90.0.0.9.)
9 0.9 0.9, ] | L I | N L | | L1 | L1 1 | [ 0.9 0.0 0.9

00

1500 1600 _ 1700 _ 1800 1900 _ 2000 2100
m.. [MeV]
3u
1

| 3.76x1077 (3.94x1077) on Br(t — 3u) at 90% CL |

Observed (expected)
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Next steps

* Analyses are being repeated now with more data
* Optimization and improvements are done in parallel

« Multivariate analysis techniques are being exploited to further improve the
sensitivity of the analyses

* Clear view of which paths are available for searching for LFV decays
* The track 1s pretty well defined
* Not all fronts are covered

* Are we missing anything?
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