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Motivation: CFLV at LHC (CMS)

Y

o Lepton Flavor Number (L) "
is not conserved —Neutrino 5
Oscillation! . New

Physics!

e Charged-Lepton-Flavor K
violation (CLFV): no SM
contribution, hence clear
signature for New Physics!
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Motivation: CFLV at LHC (CMS)

Example: p—ey \\ Y4 Y
e Lepton Flavor Number (L)
is not conserved —Neutrino
. . ' .
Oscillation! 0 v, U, e
e Charged-Lepton-Flavor BR~O(10°5%)

violation (CLFV): no SM
contribution, hence clear
signature for New Physics!
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Motivation: CFLV at LHC (CMS)

Example: p—ey W Y
e Lepton Flavor Number (L)
is not conserved —Neutrino
Oscillation! . v ° V. e
e Charged-Lepton-Flavor ’
violation (CLFV): no SM u, \
contribution, hence clear ! “.
signature for New Physics " W 7'%’; e
(NP)! v

e Examples for NP
contribution: Higgs
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Motivation: CFLV at LHC (CMS)

Example: p—ey W Y
e Lepton Flavor Number (L)
is not conserved —Neutrino
Oscillation! . v ° V. e
e Charged-Lepton-Flavor ’
violation (CLFV): no SM u, \
contribution, hence clear ! “.
signature for New Physics " W 7'%’; e
(NP)! v
e Examples for NP contribution: B
Higgs , SUSY, "N susy
e -
) v H % e e

Daniel Troendle, Uni Hamburg, troendle@cern.ch



UH
m
LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Motivation: CFLV at LHC (CMS)

Example: p—ey W Y
e Lepton Flavor Number (L)
is not conserved —Neutrino
Oscillation! . vy Ve e
e Charged-Lepton-Flavor
violation (CLFV): no SM H, o
contribution, hence clear ! “.
signature for New Physics " m 7'%’; e
(NP)! v
e Examples for NP N
contribution: Higgs , SUSY, "N susy
Heavy Neutrinos, e -
Leptoquarks, 7, ... m Uy Ve ¢
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CMS

Compact Muon Solenoid

Recorded Data

CMS Integrated Luminosity, pp
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Results shown in the following are based on the data taking at
7, 8 and 13 TeV center-of-mass energy!
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Search for Z—pue decays

FARAVAVAVAVAVAVAY

Event Selection:

e Two tight leptons (e,u) with
opposite sign

e Jet-Veto: suppresses ttbar

e Low transverse Mass:
suppresses WW

e Misidentified leptons estimated
from data

Daniel Troendle, Uni Hamburg, troendle@cern.ch
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Search for Z—ut/et?

e ATLAS result: B(Z — pt) <1.69 x 107
(arXiv:1604.07730)

e LEP:B(Z - u1)<12x107

e Good prospects to improve existing limits
with the upcoming data taking!
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—pe) <6.7-107

Observed: B(Z—pe) <7.3-1077
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Search for CLFV Higgs decays
In general two Higgs-Doublet models " E
(ZHDMS): SM values
o CFLV Higgs coupling are possible! (
e Typically one need to introduce an Y Y e Ll Y
additional symmetry to suppress flavor \
changing neutral currents (FCNC)... Y Y Y
e LHC-Runll: exploit the full yukawa- ne Lu T
matrix, not “only” the diagonal “ \
entries!
Y. Y, Y.

Daniel Troendle, Uni Hamburg, troendle@cern.ch
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Harnik, Kopp, Zupan,

Search for CLFV Higgs decays

Channel Coupling Bound
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Pre-LHC constraints: B
(H—pt/et)~O(10%)
are still allowed!

¥ eul
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Search for H—ert

e 2 channels: leptonic tau (1) and hadronic
tau decays

e GGF and VBF production channels: 0, 1
and 2-Jet categories

e Kinematic cuts to enhance S/B ratio
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Search for H—prt
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Search for H-opur pxcess: =240 excess
2 Best Fit B(H—p1)=0.84+0.39%
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Best fit to B(H—1), %

Phys. Lett. B

749 (2015) 337



http://dx.doi.org/10.1016/j.physletb.2015.07.053
http://dx.doi.org/10.1016/j.physletb.2015.07.053

UH
m
LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

9 2

2

s

v . -]

\ §

= \ g =
< 8

~

[\:’j

Events / 15 GeV

Search for H—-ut @ 13TeV!

Repetition of 8TeV H—put analysis: no change of
strategy and kinematic cuts

Slight excess of 8TeV analysis could not be
confirmed so far, but also not excluded!
Updated B(H—pt) Limit: BH—ut)<1.2%

T 0 Jets

4.17% (exp.)
4.24% (obs.)

T 1 Jet

4.89% (exp.)
6.35% (obs.)

e o 2 Jets

0 o
observed (1.62% expected) 6.41% (exp)
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30]- CMS priminay e s 3 cor CMS Aeimnay o kot 2.2°% (%)
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F N ] + et
20f - " § s — 4.36% (exp.)
[ [ Misidentified leptons w L [ misidentified leptons 3.04% (obs.)
r = LFV GF Higgs (BR=1%) r ~— LFV GF Higgs (BR=1%)
15 F —— LFV VBF Higgs (BR=1%) 30 —— LFV VBF Higgs (BR=1%) uﬁc , 2 Jets
L L e
. r 7.31% (exp.)
g 200 8.99% (obs.)
F 10f- H—-ut
1.62% (exp.)
q A e 1.20% (obs.)
0.5 I O 05|t
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C M s Preliminary

231" (13 TeV)

LI | LI | LI

® Observed

X Expected
- * 1 std deviation
D + 2 std deviation

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

Observed
T Expected |
L | i! Ll | | | | | | I | |
0 5 10 15 20 25
95% CL Limit on Br(H—ur), %
18
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LFV Higgs Summary

1 CMS preiiminary 231" (13 TeV) CMS Fraiiminary 19.7 o' (8 TeV) CMS Preliminary 19.7 6" (8 TeV)
Tz
o
107" .
=
V. -
ATLAS Hot
1072
103
—4 1 L1 ;Q 1 I‘ll 3
107 10°° 1072 107! 1
Y, |

Expect major update by end of the year!

Extension to higher masses (H,A—pt,et) is on the list to do!

19
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(L)RPV-SUSY
Heavy Resonances,
Heavy neutrinos,...

20
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R Parity Violating (RPV) SUSY

R-Parity: R = [—1]35+L+25

e+
u X
A .
d _
d
\ By

d

Conversation of R-Parity:

RSM=+1 and R -1
Proton stable
Lightest SUSY Particle is stable

SUSY

21
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Search for RPV SUSY
R-Parity: R = (-1 JEE‘H-"'ES Baryon-Number (B) and Lepton-
Number (L) are violated!
4 e ) If only L or B is violated, then the
y X proton would be still stable!
p u :
d _
\d . J Y/,
8 ¢
d
\ / \ ~~~~~ Xt Z g
Conversation of R-Parity:
i V/
e R, =tlandR =1 P § —e---—" X1 p
Proton stable!

o
e Lightest SUSY Particle is stable o . q ,
° S o Main difference to R-parity conserving

SUSY: lower MET expectation!

Focus on L-RPV in the following:. For others, please check
Daniel Troendle, Uni Hamburg, troendle@cern.ch http://cms-results.web.cern.ch/cms-results/public-results/ 22
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" Compact Muon Solenoid

Search for RPV SUSY in 41 final state

Search Strategy:

e 4 tight leptons (e,u)

12)°

% % < 2007

. . o s O
e SplitM and M, in on-Z and off-Z iy
. 2 2 150
regions ¢
(M, _ : invariant mass of first 1001 m 25 GaY g 100

(second) opposite sign same

flavor pair )

Daniel Troendle, Uni Hamburg, troendle@cern.ch
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A-term neutralino LSP decay mode
A121 = —A211 EUVe + €€V
A122 = —A212 PuVe + pevy,
A123 = —A231 TV + Tev,
A131 = —Aznn etV + eev,
A132 = —As12 UTVe + pev,
A133 = —Aza1 TTVe + Tevr
A231 = —As21 eTv, + euvs,
Agze = —Agan HUTVy, + ity
A233 = —Azaa TTV; + TUY;

CMS Simulation Vs =8 TeV

~0
X

[pp— @@ —>a7,a%,

mza=225 GeVv

PRI S ST N T S
100 150 200

M, (GeV)

501

PRI
150

CMS-PAS-SUS-13-010

200
M, (GeV)

10

[y

expected events for 19.5/fb
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Search for RPV SUSY in 41 final state

CMS Simulation Vs=8TeVv
S 1200 " T T LT T T T
: PP — T >ag,ax, 0.7
— 70 s + v
¢ 1000 L 06

0.5
0.4

0.3

0.2

II|III|\II‘II\J\\I‘

0.1

0

900 400 600 800 1000 1200

my (GeV)

Daniel Troendle, Uni Hamburg, troendle@cern.ch

CMS Preliminary Vs=8TeV L =19.5fb"

= T T S T T | =
S 95% C.L. CLs limits i
= I observed: ) ,#0 i
abﬁ : 70 expected: A,#0
b observed: A,,,#0
fr
i iexpected: A,,#0 I
>
=
ks
kS
=
Q
c
2
(=
ko)
‘Tll' - o
— 0 -0 -0
PP —aq—qx.ax, x, = Ilv
10‘1 | 1 L 1 I 1 1 L | L 1 1 I L L 1 | 1 1 L
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Generic search: various SUSY production modes

can be extended for 4 lepton RPV final states.
Check the documentation for other interpretations!

CMS-PAS-SUS-13-010
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~" Compact Muon Solenoid

Search for RPV stop quarks

b .
Search Strategy:
W
¢ 1 CMS Simulation 8 TeV
/’4w e 3+tightleptons (e,p,7, ;) e
Y . ~ H C LLE122 stop: 700 bino: 100
i “( e S _:scalar sum of all transverse 2 Y A
X1 e A -
\ momenta “E o
u . . r ! \ ] eeeen LQD233 s(up; 800 binu; 750
) e Signal regions 1-4:at least one
. 0.06—
b-tagged jets and no Z- :
t w . 0.04—
candidate -
el B Vr . . 0.02_—
fr ( e Signal regions 5-8: a Z- F ) L TS :
X1 M . . 00 500 1000 1500 2000 2500 s (Ge%/c)'OO
Candidate or no b-tagged jet *
.
SR N;  Np 0 < 57 < 300 300 < 57 < 600 600 < 57 < 1000 1000 < 57 < 1500 S > 1500
obs exp obs exp obs exp obs exp obs exp
SR1 3 0 116 123 £+ 50 130 127 £ 54 13 189 L 6.7 1 1.43 £ 0.51 0 0.208 £+ 0.096
SR2 3 =1 710 698 4 287 746 8537 + 423 83 97 + 48 3 6.94+39 0 073 £ 049
SR3 4 0 0 0.186 + 0.074 1 0.43 4+ 0.22 0 0.19 4+ 0.12 0 0.037 <+ 0,039 0 0.000 + 0,021
SR4 4 =1 1 0.89 4+ 0.42 0 1.31 + 048 0 0.39 4+ 0.19 0 0.019 + 0.026 0 0.000 + 0.021
SR5 3 0 — — — — 165 174 + 53 16 214 4+ 84 5 218 4 0.99
SR6 3 =1 — — — — 276 249 + B0 17 199 + 6.8 0 1.84 + (.83
SR7 4 0 — — — —- 5 82426 2 0.96 + 0.37 0 0.113 + (.056
SR& b} =1 — — — - 2 38+13 0 0.34 £ 016 0 0.040 £+ 0.033
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Search for RPV stop quarks
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) CMS Vs=8TeV, [Ldr=19.51b"
% Search Region: SR1 _
W Q A2t —4— Observed _|
t 410 E
# vy || Bkg Uncertainties 3
- e i ;
X0 . - Misid. leptons
10 .
p =
b —
1 —
t W E
“w Vr :
£ N i_( ) X
ey p 10" s
0-300 300-600 600-1000 1000-1500 >1500
. S; (GeV)
SR N Nt 0 < 5t <300 300 < 5p < o600 600 < 57 < 1000 1000 < 5 < 1500 St = 1500
obs exp nbs exp obs exp obs exp obs exp
SR1 3 0 116 123 4 50 130 127 + 54 13 18.9 £ 6.7 1 1.43 = 051 0 0.208 £ 0.096
SR2 3 >1 710 698 4+ 287 746 837 + 423 83 97 + 48 3 69+ 39 0 0.73 £ 049
SR3 4 0 1] 0.186 + 0.074 1 0.43 4+ 0.22 0 0.19 4+ 0.12 U] 0.037 < 0.039 0 0.000 + 0.021
SR4 4 =1 1 0.89 + 0.42 0 1.31 4+ 0.48 0 0.39 4+ 0.19 0 0.019 + 0.026 0 0.000 + 0.021
SR5 3 0 — — — — 165 174 £ 53 14 214+ 84 5 2.18 4 (0.99
SRé 3 =1 — — — — 276 249 £+ 80 17 199 + 6.8 0 1.84 + (.83
SR7 4 0 —_ —_ — — 5 82426 2 .96 + 0.37 0 0.113 + 0.056
SR& b} =1 — — — — 2 38413 0 0.34 £ 0.16 0 0.040 £ 0.033
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Search for RPV stop quarks

CMS \s=8TeV, JL dt =19.5 b
%\ _I Istl T RIPIV )ld T T T | T T T T T T T T | T T T T I T T T
I Stop
g 1200 - observe1§295% CLs Limits
5 | ——— Theory uncertainty (NLO+NLL)
EZX'I 000 ------ expecteg 915% CLs Limits
- ted+ls, -~
B [ expecte Gexperlmemal CMS \s -8 TeV, JL dt =195 fb-1
800 B < T T T T T T T i T T T T T | T T T T T T T T T T
- 2 - Stop RPV 1. | 5
L (¢)) - ]
600 Q) 1200~ obser\?gg 95% CLs Limits |
N ~ - Theory uncertainty (NLO+NLL):
400 £¥1000}~ o pociodzi. el
2001~ 8001 =
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600~ —
No significant excess observed... 4001 -
Limits on various RPV couplings, e.g.: -
. x122 and MBinozzoOGeV: :I I 1 1 1 1 | 1 1 i 1 | 1 1 1 1 I /| 1 1 1 | 1 1 1 1 | 1 1 1 :
stop m- (GeV
o ),,and M, =200GeV: i ( )
ino
M, tOp< 820 GeV excluded
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Search for RPV SUSY in dilepton
channels
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Daniel Troendle, Uni Hamburg, troendle(@cern.ch

electron channel
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Search Strategy:
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CMS-PAS-SUS-14-018
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Search for RPV SUSY in dilepton
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Search for high mass resonances in the
en final states at 13 TeV

o5 | 2.7 fb? (13 TeV)
Resonant sneutrino decays (RPV-SUSY) ' CMS e i :

T

Wy
10* L Preliminary Diboson = QBH n=1,M=1000 GeV .
or non-resonant Quantum-Black-Holes : single Top  —— RPV SUSY A=0.01,M=800 GeV ]
(QBH) could decay into ep pairs (+others < ¢ — Total Unc.

Wijets+QCD  —¢— Data

models).

Events / GeV

Data/MC

| . . A [
102 103

M, (GeV)
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Highest Mass e-u pair: M=1635 GeV (13TeV)

CMS

Compact Muon Solenoid

W=y
7\ \\ \
Electron 0,
pt = 247.69
eta =-2.099
phi=2.115

Muon 0,

4 R pt = 142.94
\'f 9 eta = 2.200
phi = -1.305

CMS Experiment at LHC, CERN

Data recorded: Thu Sep 17 14:04:41 2015 CEST
Run/Event: 256677 / 330567777

Lumi section: 324

Orbit/Crossing: 84785800 / 3000
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Search for high mass resonances in the
en final states at 13 TeV

-1
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2 1 cMS s
© Preliminary ISURONN A" AICA SRR SN S S
10 — '~ 95% CL limit }‘132=>“231=0-07
- AL S W L 95% CL limit A,5,=A,,=0.05 |
- N — —  95% CL limit A,5,=A,q, =0.01
IR B RN BER\ VA i B SAA A RS SR A ||\| | I B AR 10_3 . o — N
77500 1000 1500 2000 _ 2500 _ 3000 _ 3500 _ 4000 . — 95% CL limif Ay55~A;~0-007
MV (Gev) T ; I I ‘ ; I [ ..... II ..... 7 LA o I I ..... I } ..... I..... II‘ ..... | ..... T II‘ ..... |

500 1000 1500 2000 2500 3000
M. (GeV)

32

Daniel Troendle, Uni Hamburg, troendle@cern.ch CMS-PAS-EXO-16-001




jon Solenoid

~ Compact Mu

LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG Wz

Search for Heavy Majorana Neutrinos

9_ Search Strategy:
q

e Two tight leptons with same sign(e*e™,u u*,e ")

e Mass dependent cust:
©  Low mass m <90 GeV: MET<30 GeV , m
(1157)<200 GeV, m(jj)<120 GeV
o High mass m > 90 GeV: MET<35 GeV, m
(Jj)=m, + 30 GeV

-1

%12__CMS I Misid. muon bkgd. > S R AR LA LS R LR RN R S B e e e e
o | W &  CMS ¢ Data 1 & [cms 4 Data ]
o B i — . — - ]
v 10— c:f‘fs Rosa S &r I Misid. lepton background , Q 14: [ Misid. electron background b
B r E . . C ]
< N v ; r Mismeas. charge background ] & 12k Mismeas. charge background ~ —
:>J) 8 my =100 GeV, IV "= 0.001 'g 20— [ Prompt background - 2 C P Prompt background ]
B _ 2 _ ~ - = 10 —
: \ ;':t; 300 GeV, IV I* =0.05 uCJ . —— my = 100 GeV, |VeNV*1‘ J=0015 7 uCJ . — my =100 GeV, |veN|2 =0.015 b
6~ 15 — my=300GeV, |V V*,\|=05 ] 8 — my=300GeV, |V =05 -
B C ] 6 .
4+ 10— e*u* channel — C e*e* channel 1
B r High-mass region ] 4 High-mass region -
2 F E 2F- T -

: — - s

0 m‘“““""' """"""""" F 100 200 300 400 500 600 700 800 900 1000

0 100 200 300 400 500 600 700 800 9001000 500 600 700 800 900 1000 e s
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Search for Heavy Majorana Neutrinos

19.7 fb™ (8 TeV)
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Conclusion

e Strong portfolio of CLFV searches in CMS
e New Physics models on CLFV tested up to
multi-TeV scale already

e [LHC Run-II: expect more interesting updates by
the end of the year!

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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