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Overview

Very brief review
Tau Physics
Detector Setup
Online Data Selection at CMS
Level 1 Trigger
Particle Reconstruction (Offline)
Particle Flow
Tau ID using Hadron Plus Strips Method
SM Higgs to Tau Tau
BSM Searches Using Taus
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Discovered by Martin L. Perl et al.
(1974/1975)

- Stanford Positron Electron Acceleratlng
Ring (SPEAR) — at SLAC
- e+e- collider (CoM 7.4 GeV)

Higgsto 1T @ CMS

- Discovered via ete- =T T2 Uze+w

- Search for a heavier lepton already oo e
underway at ADONE (ltaly, 1.5 GeV CoM)  imnretodbmaron "™
- M.L. Perl recognized the potential for 0
discovery of a heavier lepton using SPEAR 2
.

Tau Lepton was first of the third generation fermions discovered §
- Followed by the discovery of the bottom quark (19/7), the top 5

quark (1 995) and the tau nQUtran (ZOOO) http://www.nasonline.org/publications/

biographical-memoirs/memoir-pdfs/perl-martin.pdf



http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/perl-martin.pdf
http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/perl-martin.pdf

ot

//’ \4
Third generation lepton . e
* charge: +/-1 ‘ ’L]
* mass: 1776.86 + 0.12 MeV =g e u.d
* spin: 1/2 (fermion) W L<'/ Sk
* mean lifetime: 2.9 x 10-13 s SV v u
Decay Mode Resonance B [%]
Taus Decay Weakly YA 1738
T~ = U Vyvr 174
- T~ — h™ g 11.5
] 7~ = h 7y p(770) 26.0
- Hadronic + v T —— L Rk a1(1260)  10.8
T~ = h hth v, a1(1260) 9.8
= = h hth 2, 4./84
Other hadronic modes 1.8
All hadronic modes 648

At CMS Taus are never Fully Reconstructed due to the

Higgs to Tt @ CMS

Nov. 13 2017

Isobel Ojalvo

presence of Neutrinos, instead studies of Tau Leptons make 5

use of the “visible decay products’
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the SM @ LHC (with Taus)

Why use T's to study the
Standard Model?

Hadronic T (th) Decay
cleanly reconstructed
3rd Generation Lepton,
and largest lepton
Yukawa coupling
Sizable Branching Ratio
of Higgs

Also a usetful object to
test Lepton Universality

TWY - e v,)=T(W" - W)
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Beyond the Standard Model =

Why use 1’s to study physics £ | BesTev |
Beyond the Standard Model?  : . g
) % E @
- In 2HDM T's can have 5 E
. ol (]
enhanced couplings to down O —eea a

10%F — bbA
type quarks and leptons o[ o £
H"' - T"' V 10 :Eﬁ;a)st scenario

- — — 10-4 ! 1 ! 1 1 PR S N
107 10° —
- Insight into the Flavor puzzle: . .. .
Large branching fraction for 2 10° i3
> i Z
the study of Lepton Flavor re ]
Violation s 2
. L 107 oo o
- W’ Z’ - Universality is not o2l o F
guaranteed in these models 10°F tan @
- Enhanced couplings for T

Long Lived Particles



S

=3
S A
LHCb CERN
Point 8 == ATLAS ALICE
1 Paoint 1 =2 Point 2

- av;g.&.

CMS
Point 5 v.-.-_ ?




V)
>
O
)
(O
C
O
=
O
0,
)
v
a

Particle




Online Data
Selection at CMS
The First Analytical Step

ot
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Data IS selected for

______________.\

offline analysis with the ‘Level 1 Trigger | g
LZ—tiered trigger system « Coarse Calorimeter Readout | ;
| I . No Tracking Input! Very Fast! [ E
_______ ceceeeee o

L1A~, 100kHz 8

T

IH|gh Level Trigger | o

» Full Detector Information S

_ Available -> trade off: Fast Algos ;™

- ——————— >_

u u \ I g

Final Dec?ofq ~1kHz

________ SRR s

| | O

. Full Detector Readout for | £

. j ig | o

40MHz Collision Rate | AECOand Offine Analysis | ;
~1 MB/event 5
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A few of the possible
Stage-1 Patterns:

HH T o
B e B

-> Energy deposited in at most 8 towers

Stage-1 Tau Trigger 2015

0.087n x 0.087® Cluster Finding:

Taus are composed of two
neighboring 4x4 towers

Shape Finding:
Require energy above 3 GeV to
be found In specitied patterns

Isolation:
Candidate Pr/Surrounding Pr<
Threshold

Tau candidates are processed
in parallel from the full calorimeter
total latency: ~500 ns

Nov. 13 2017 Higgs to Tt @ CMS
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Clustering

Merging

Calibration

Isolation

12

Stage-2 Tau Trigger 2016

Create tau clusters from TT
Mostly common to EG

Search for neighbors in a defined path
(tau decay products can be spread out)
~15% merged, 85% non merged

Function of eta position, ET, merging and
presence of energy deposit in ECAL

Compute isolation as E(6x9) - E (tau)
PU estimator common to EG

®
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Data Selection at CMS Phase II #
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HLT Tau Trigger

CMS Preliminary

T

e Makes use of the shrinking
cone algorithm at HLT
¢ Slightly tighter working point

o
o

L1 + HLT efficiency

O
o)

(excellent) LHC performance S RN T

2016 (13 TeV)

* cats 2016BCDEFG

*  raHLT OY MO NLO

offline © P, [GeV]

HLT Path L1 Seeds

HLT_IsoMu{19,21}_eta2p1_LooselsoPFTau20_SingleLT

HLT_IsoMul9_eta2p1_LooselsoPFTau20 L1_SingleMu20er

HLT_Ele24_eta2p1_WPLoose_Gsf_LooselsoPFTau30 L1_SinglelsoEG22er
HLT_DoubleMedium{Combined}lsoPFTau35_Trk1_eta2p1_Reg L1_DoublelsoTau30er
HLT_VLooselsoPFTaul40_eta2pl L1_SingleTaul20er

HLT_LooselsoPFTau50_Trk30_eta2p1_MET90 L1_ETM{80,100}

14
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Tau Reconstruction @ CMS



Tau Reconstruction @ CMS:
Cut-Based Approach for a
Complex decay

First, an interactive overview

16
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Particle Detection at CMS @
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Particle Detection at CMS @
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Missing
Transverse
Energy

muon
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Missing
Transverse
Energy

:

muon } T to yu + v('s)
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Particle Flow Reconstruction #

T H HCAL

A 1))

'-, : Clusters <

et ; e ﬂﬂ detector \ ;

. . o ‘:fs.’ ||:

2y S

3 photon g

=)

-

ik p’.article-ﬂow g

.

N

it

A well known graphic and idea for, a few details important for Taus: 2
Z

With the use of Particle Flow, PF Candidates can reconstruct the mass 3
("]

of the Tau )
. . . . [

No double counting of Hadronic deposits as PF algorithm cleans them £
. )

- Able to reconstruct even highly boosted Taus >
@]

Allows for Nuclear Interactions in the tracker of charged hadrons
23



Tau Reconstruction uses a Cut-Based Hadron Plus Strips
(HPS) Algorithm to Reconstruct 1-prong, 1-prong + 1t°
and 3-prong Taus from “Particle Flow” Charged Hadron
and e/gamma Candidates

"

1-prong + n°

4
\
“\

Events

Ao(t, efy)

New for Run Il 1-prong + m:

Take into account the
expected size of the strip
based on the e/gamma pr

Dynamic
/ o 4 Fixed-size j
\\.‘ 'Y
| 1-prong CHI v
Signal
cone
n
»>

13TeV Performance

1z, 2016, 0.8 1" (13 TeV)
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1 prong + 1pi0

......

------

------

Tau ID: Hadron+Strips

Tau Algorithm Starts from a Particle Flow Jet

Special attention paid to photon conversions in the

tracker material which decay into “Dynamic Strips”

- Y ->e+re- undergoes bending of e+,e- tracks in B-field of
CMS, broadens the signature of neutral pions

Strips are then built out of EM Particles (PF photons
and electrons)

Strip reconstruction starts by centering on the most
energetic EM particles within the PF Jet

The algorithm searches for other particles within a
dynamic window of eta 0.05 phi 0.20

It other EM particles are found within that window, the
most energetic one Is associated with the strip and the
strip four-momentum is recalculated

oT(strip) > 1 GeV

25

ot
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Tau ID: Hadron+Strips

1 pron
Tt Single Hadron is assumed to have the mass of the pion
3 prong .
. Three charged hadrons are required to come from the
n same secondary vertex created using a kalman vertex
T fitter
3 19707 (8T
T+ — 250 x10 2./ 1 19 TeV)
> _ CMS —— Observed
8 _ []Z — tt: h'h'h?
= 200 [ [1Z — rt: hinos
The T, mass distribution is used to - | gtzt — wh
control the tau energy-scale g 150 = [ Electroweak
E " [ ] Multijets
o B Uncertainty
Decay Mode Resonance B [%)] 100 B
T = e Velr 17.8 -
T~ = U~ Ve 17.4 — p= 770 MeV
T~ = h 1y 115 50 |— a1=1260 MeV
T~ = h v p(770) 26.0
™ = h 77y, a1(1260) 108 _
T~ = h hth v a1(1260) 9.8 oL
T~ = h hth 7y, 48
Othz~ hadronic modes 18 0 0.5 1 1.5
All hadronic modes 64.8 26 mtq [G eV]

ot
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Fake Th: Jets

Jets are produced in large amounts at Hadron Colliders
- QCD, Pileup, other EWK interactions, ect.

- Jets consist of a wide range of charged and neutral particles
with various multiplicities

- Able to produce exactly the same decay products as can be
found in Hadronically decaying Taus

- However, almost always produce more constituents than are
produce in Hadronic Taus

= Key to reduce Jets faking Taus? Isolation
New for Run Il: Also using Tau Litetime Information

T
T+ M T+

T - » T

é Qg .

ot
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For Jet, th Discrimination we have
developed a cut-based and an
MVA based approach

cut-based
calculated
using the
particles found

within the th Isolatlon cone
I, = Z P‘M'““ Az < 2 mm) + max (P} — A, 0)

MVA-based (a few highly
discriminant):

Signed impact parameter +
significance of leading track (i.e
Life Time Variables)

Number of photons

Photon Energy Sum

Decay Mode

Shape Variables

v

v

v

v

v

Jet—=1, Discriminator

ot
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For Jet, th Discrimination we have
developed a cut-based and an
MVA based approach

cut-based
calculated
using the
particles found
within the Tx Isolatlon cone
I, = Z peheracd(p y <

2 mm) + max (P} — A, 0)

MVA-based (a few highly
discriminant):

> Signed impact parameter +
significance of leading track (i.e.
Life Time Variables)

Number of photons

Photon Energy Sum

Decay Mode

Shape Variables

v

v

v

v
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Jet—=T1h Discriminator

Tau Mis-ID probablllty Isolation Discriminator Performance
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Fake Th: Electrons

Electrons Faking Taus

* a “perfect” electron (1 GSF track + ECAL deposit) can pass the tau-1D
reconstruction algorithm
* WIll pass isolation requirements

* However, charged hadrons have a higher HCAL to ECAL ratio
* Electron ID also uses the shape of energy deposits in the ECAL

= Key to reduce Electrons faking Taus?
Invert Electron ID using an MVA

ECAL
GSF Track [ surface

(fake)
Thad

) Extrapolated
——— track tangents o ¥

ot
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Additional Variables for anti-
electron discriminator +
retraining for Run |l conditions

-> Tight WP significantly
Improved with respect to Run |
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Th ID Efficiency: Tag and Probe®

Tau Identification Efficiency measured .10 Mass of the 1,7 System (<)

US|ng Z/v>X< — TpTh 215, 230713 1eV) 215, 2.3107°'(13 18V) %)
E FrImmrrmmr T C200F .~ . T @)
Wl g’ 7)00 gr%ﬂs'm'd : r4
> Tag: Identified, Isolated Muon § oo Pas movores 4 §0%0 movoies 1 ©
W 5500f !F:acr-nw'ndt' {  W1600 !F:am-m»'mt II:
» Probe: 11 candidate which either Passes oo S Sl o
or Fails discriminant ID working points 2500 . @
1200 1 O
> Maximum Likelihood Fit performed using L ° N T
- o= 1.1 . 1k
the Visible Mass of the T,T» System tg Hvoreset it +++H+++.|.+, T ” g '.,.........,..,..,*,,.,.n“ﬂ#{
similar performance seen using the | o o - - § o v - = 3D
number of charged particles distribution M (GeV) M (@eV) O
o
i
N-Charged Particles (Ncharged) S
. 2015 231013 1ev) 2005 2310713 1ev) (@)
SGlGUCAUION  confoms ™ omem ] Eofos e ] 2
Loose 0.93 + 0.02 el mmovomes § GOOCEEG —op>
Cut-based Medi 0.91 + 0.02 St 4 Geon = o
ealiuum : + U. E O 3:?&2::::];! 1 20000 = :21::};! %
Tight 0.89 + 0.02 : . : . o
Loose 0.99 + 0.01 1 0
Medium  0.97 + 0.01 a
MVA- .
based Tight 0.95 + 0.01 2
Very Tight  0.93 + 0.01 -
2 3 4 5 3 10 5 0~
N N
charged crarged
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Th ID Efficiency: W*—T, v

Targets High ptth

Transverse Mass of the Th+MET System (mr7)

ot

> Important uncertainty in searches for high mass 0 s016,238" 13 T

resonances which decays to T’s E"é 2ok T prosciy
Pay : - 3 5 it -0—(';r:~od -
- Efficiency measured using W*—1nv events with “F + Ew*” _:
3 tkgd Idulm) .
a highly virtual W Selected: pr(th) >100 GeV, col- B it e
MET>100 GeV and a back-to-back topology “of-
cof
> Fake Tau Background estimated using a ok —
. . . 3 15F '
control region where the T is not isolated ;? of oy x
S osk . E
> Systematic uncertainties due to the cross- I %O e ieV)

section of the virtual W are constrained through
a simultaneous fit with a W*—=pv control region  Transverse Mass of the y+MET System (mr)

Higgs to Tt @ CMS

Data/MC (mT) E.wo: 2016, azm 13 Te\)
g '200F c...i".:"”’“
Loose 0.94 + 0.21 3 "00of . -;
Cut-based Medium  0.91 = 0.19 2 oo :137”” :
Tight 0.83 + 0.20 “oF .

Loose 0.96 + 0.17 :2

Medium 0.95 + 0.15 n_.___-—
MVA-basead Tight ~ 0.94 +0.15 g1t B, }
Very Tight  0.94 + 0.14 § 2 '{'

D 200 400 600 820 1000
m, (GeV)

Tau ID is described well in the high pT regime
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Th ID Performance: e/u/jet—>Th

Data / MC e—1h Fake Probability (muis)
Fake Probability for electrons (muons) A I

measured using Z/y* = TeTh (Z/y* 2 Tyth) 2] g

and enriched Jet events : o

> Ratio of Data to Simulation is measured =

> General agreement for loose electron and muon 43

rejection working points =4

> Some disagreement seen where strict , R —— T

requirements are made and for jet to fake ' | © g e

distributions » Similar Tag and Probe method ™

» Higher Observed/Expected factor for Tight Working Points g

Data / MC Jet—T1» Fake Probability Data / MC p— 1 Fake Probability (m.is) “

&? e 2016 1...nh|c;‘r; Ii’; 1 . ' ' zuw.m.u:;é&;‘f-' gsms;ms,m 2016, 13 TeV, 36610 o 00, .. cms ey 2016,13TaV, safo' C>D

: ol rovsonsinant 1 | ool 1 P36 Bfp1 e g | £ L6 301 THT 2 12
N ~ Simulation E < Semuiaton w0l - B component | % S Loose ]

0k T :r._"'"_._—e-c-;c-—o'—u&—-a-:,::'- w500/ r sooiE. i

ame I m - § -0

0 e (Gev) el T°,¢j"°!’€ mass [GeV/e'] e

» Increased misidentification probability in Barrel-Endcap E

» Fake probability dependent on the selected final state

transitional region (expected)
» Good Data MC Agreement

» Higher Observed/Expected factor for Tight Working Points
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35971 {2015, 13 Tev)

x10°
.E """""""" .E
o CMS bz 12" decay mede [z - ¢ o
:é 1 ES -3% Etzt j? -; :(n;
c = c
u>> 25 _3 O/ [ Exectrowe sk = g
W ) : Cloco w

]Exp. unc. -
| —o— ~$-Observed E

Obs./Exp.

Obs./Exp.

XIG 3501 (2016, 13 Tev) <10° 359" (2015, 13 Tev)
c
hiz15% decay mede [z -, = o h*{z 12" decay mode [z -, =
30 = Pred [ + jets P TES +3% [t + jets
@z —n = @z -
[ Electroweak g I Electroweak
|_acop N _jaco
[]Exp.unc. [CJExp. unc
Q. 1.4 - :' . cssas -
W 12k § -
S 1.0 P einee Mg g g
w —
L 08fF : -
C o8k H -
0.5 1.0
m. [GeV] m, [GeV]

Decay mode

1-prongn®

Tau energy scale
[%]

+0.0+ 1.1

+1.0+£04

-0.1+£0.2

NOTE:

Recommend 3% uncertainty for high pT

A leading systematic uncertainty arising
from Tau Reconstruction is the uncertainty
due to the estimated Tau Energy Scale

> Measurement for the 1-prong + % and 3-
prong reconstruction decay modes
performs a shape fit using the invariant
mass of the hadronic tau

>1-prong decay mode fit is performed
using the visible mass of the T,Th system
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Th Energy Scale I\/\easurement*

%107 359 (2015, 13 Tev) 359 1h" (2016, 13 TeV) 359" (2015 A3 Tev)
5 PFcm voimwmrm mon 3 g 9;.5' v decny et w3 £ ?5 s ey e ez
% 30 wmvro E?:, Etz'-j? -=' ‘2 30 = Predmnay " E;—’I E % 30 5 < ES +a% Eg-fllm N
2 BF 3% [t By : . oo e |2 +3 /0 [ Bo] F
1= S o o . Jore, il = B
* I M T v
- e : o
Q’_ d. 14 .......... | E————— P ............... Q’ L T - -S ' - . -] g
] £
; Updatlng Tau Results Ca—
m, [GeV]
—i
this winter in a Paper using | arising &
certainty -
OSTPSR  the Full 2016 Dataset  [T°"
< Z
+0.0 + 1.1 > Measurement for the 1-prong + 1t° and 3- o
- prong reconstruction decay modes ®
|-prongn* +1.0+04 _ _ _ . 5
performs a shape fit using the invariant -
01+002 mass of the hadronic tau §
>1-prong decay mode fit is performed g

NOTE: using the visible mass of the tT,Th system

Recommend 3% uncertainty for high pT -
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The Good
Enhanced Branching Fractions

Excellent Online Data Selection
Detector Designed to Reconstruct Taus

The Bad
High Number of Fakes (Jets Look Like Taus)

Energy ‘lost’ from decays to Neutrinos
Large Number of Systematic Uncertainties
Difficult to Extract Signal from Background
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TT Mass Estimation

TT Mass estimation uses visible decay products & missing Et in a

maximum likelihood fit to estimate neutrino momentum
The mass resolution is ~ 10-20% depending on channel/category
Visible mass SV fit Reconstructed mass
00 CMS Simulation fs =8 TeV WT, CMS Simulation s =8 TeV we,
; ' __ —* TT ; 8 — TT
é’ 0.18} E]ﬁ—'“'"\a=12°G°v § 0.25[ Elfl—-nm,,:ﬁﬂGoV
-:; - ——— H =1t m, =200 GeV = - H — 1t m, = 200 GeV
E; 0.16:_ s H =TT My, = 300 GeV E: o ‘P\I|\ —— H 1t m, =300 GeV
= 0.4 =
012 i ,
| 0.15[- improved
o% - Z & Higgs
0080 oif JI| separation
0.06; - : r
0.04/- 0.05}-
o.oz? :
G50 100 150 200 550500 B ""50 100 150 200 250 300 350 400 450
m,;, [GeV] m,, [GeV]
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SM HTT Categories

0-Jet

Four di-Tau Final States: ®  Background normalization
eT, UT, TT, el
Three categories for signal B % !
extraction:
1-Jet 2-et
Boosted higgs Select VBF, Suppress ggH

42
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Using Two dimensional Fits:

0 jet*: Muis VS. T/ pPT

or M VS. Tt DM
VBF: SVMass vs. M;;
Boosted: SVMass vs. Higgs pr

1preng + 2 3prongs

1 prong

CM3 Smulation

13Tev

gg-—t: (0jet, '”n)

43

%00 120
m,; (GeV)

13TeV

m,, (GeV)

Prahahlity density

Prohabiity densty

1preng+ 2  3prangs

1 prong

SM HTT Categories

CMS Simclation 12TeV
>
Z—pu (Ojet, pt ) g
- $
z
8
o
o
CMS Simulation 15TeV
>
o
C
Q
o
2
°
.§
(o 8

CMS Simulation

m,, (GeV)
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VBF High Signal Region:
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Standard Model H—=1T

VBF High Signal Region:
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Systematic Uncertainties

Source of uncertainty

T, energy scale

e energzy scale

e misidentified as 7,, energy scale
i misidentified as 7, energy scale
Jet energy scale

P energy scale

T, D & isolation

T}, trigger
T}, reconstruction per decay mode

e ID & isolation & trigger
u ID & isolation & trigger
e misidentified as 7, rate
i misidentified as 7, rate
Jet misidentified as T, rate

Z — 1T7/{f estimation

W 1 jets estimation

QCD multijet estimation

Diboson normalization
Single top quark normalization

tt estimatior

Integrated luminosity
b-tagged jet rejection (epu)
Limited number of events

Signal theoretical uncertainty
b L

Prefit

1.2% in energy scale
1-2.5% in energy scale

3% in energy scale

1.5% in energy scale
Dependent upon pr and
Dependent upon pr and 5

5% per T,

5% per 1},

3% migration between decay modes
200

2”0

12(3")

259%

20% per 100 GeV T, pr
Normalization: 7-15%
Uncertairty in Mgz, pr(€€/77),
anc mj corrections
Normalization (ep, 7,7, ): 4-20%

Une. from CR (ety, uty,): =5-15
“xtrap. from high-m+ CR (eT,, u7,,): 5-10%

Normalization (eyu): 10-20%

Unc. from CR (eTy, Ty, T, HTh): =25-15%
Extrap. from anti-iso. CR (ety,, 1) 20%
Extrap. from anti-iso. CR (1}, 7}): 3-15%

5(3{)
5(.)":)

Normalization from CR: 5%
Jncertairty on top quark pr reweighting

2.5%
3.5-5.0%
Statistical uncertainty in individual bins

Up to 20%

Postfit (%)
02-0.3
02-0.5
06-0.8
03-1.0

5-20%

7-10
3-10

47

Major Systematic
Uncertainties:
Theory, MET, JET
and Tau Energy
Scale

Using Dedicated
Control Regions
to estimate ttbar,
z->TauTau,
W+Jets, ect.

Nov. 13 2017 Higgs to Tt @ CMS

Dr. Isobel Ojalvo



Combined Observed and Predicted
m(TT) Distributions

35.9 fb' (13 TeV) 35.9 b (13 TeV)
> :I LI I LI I LI ..I..I.!..I .I..I. .I..I. I..!.I..I..I I: > 1800—I LI I LI I LI LI I LI I LI L
o) - CMS 1 A B [ . CMS ; ]
L s - ] — L 40' .
© 35F 3.5 +omscbis § ] © 1600F ; E
- 3 - 5 30 .
2] - St — How - 2] . E ]
c 30 — —$- Observed 2.5F i1 c 1400 —$— Observed o0k _]
0>) E — H—tt (u=1.09) 2- | |:|Bkg. unc. - E gJ E — H—>tt (u=1.09) 105_ E
O o5p 2z 1.5¢ - O 1200F- : -
8 B - Wijets 1E *- ] 8 B - Wijets -
b= 20 :_ QCD multijet 0.5f ; _: £ 1000 :_ QCD multijet 1o _:
o R Others Ld_ OF e o _ Others -
o [ [ ]Bkg. unc. | bl b becad o [ ]Bkg. unc. bbb b b
= e o = 0 50 100150 200250 300 ] = 800r kg une 0 50 100 150 200 250 300
m F m,. (GeV) 1 M sonb . m,. (GeV)
E 10: m ] ?5 600: O-jet: 7,7, ]
— HVBF: ut , et,, eu - B — VBF: 1t -
~ = n h - >~ 400 h"h ]
% - - 1 %) 00: r Boosted: 7, ut , et,, eu 7
oF E 200F—* . —
: L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 : B L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 ]

0 50 100 150 200 250 300 0 50 100 150 200 250 300
m,. (GeV) m., (GeV)

The binning reflects the one used in the 2D distributions, and does not allow merging of
the two figures

- The normalization of the predicted background distributions corresponds to the result of the
global fit, while the signal is normalized to its best fit signal strength

- The inset shows the corresponding difference between the observed data and expected
background distributions, together with the signal expectation
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Combination with Run I
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MSSM h/A/H->1T
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MSSM H->hh/A->7Zh
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MSSM H->hh/A->Zh
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MSSM H->hh/A->Zh
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Lepton Flavor Violation

e Searches for the 125 GeV Higgs decay to Flavor Violating
Couplings: Pute and Uth

e |n the SM the Higgs couplings are diagonal: Yij= (mi/v)&;

e Discovery of LFV would suggest a Flavor Structure
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Lepton Flavor Violation
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Lepton Flavor Violation
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3rd Generation Leptoquarks

Search for heavy RH neutrinos

10 12.9 b (13 TeV)
2 _
o o CHMs —o. f*2withunc.
& '"F  Preliminary ~ — OQbserved
=) — Expected
C 1W0E N [+ 10 Expected
< . = 20 Expecled
E |
|
&
210
D
w*
107 —_—
e =30 000 560
Mg [GeV]
10 129 fb" (13 TeV)
CMS — Theory "‘m'MWQ’
. Preliminary  — Observed
N — Expected
\\ [ + v Expected
™ | |+ 20 Expecled

o
4

[ =]
m

95% GL Iimit on ofpp—~W)<B(W—1jj)[po]
<.

1053 v L
1000 2000 3000

Mw" (GeV]

4000

129" /13 Te\)

[0 QCD mu tijot
[ Uacertginty

2
A
Lepto- =
$ s
i o

et +++°ﬂ

vents )/ GeV
=)

RH -
Neutrinosg 4

8 0.5

1
ST, e (GeV)

12917 113 Ta\)

-~ Observed
b= R W 3TV
. [ SR

K I SirgleTep

B Electrowaak
[0 QCD mu tijet
[ Uncarleinty

1’
ST“E:.. (GeV)

Events / GeV

Cbs./EXp.

vents / GeV

Obs./Exp.

12987 (13 Tav)

0
ST e (GeV)

1290 (13 TaV)

~»- Observed
—t= AN W 3TeV
| fisjets

I SngkTop
I Ecotroncak
[ GCD mulfijet
[ U laindy

10°
ST, e (V)

e Search for third-generation scalar leptoquarks
and heavy right handed neutrinos in events
containing one e or U, one th and >1 jet

61

®

Nov. 13 2017 Higgs to Tt @ CMS

Dr. Isobel Ojalvo



10

W’ Search

230" (13 TeV)

T UL

LA II

-CMS

Prleﬂ{nl?arly .

L} I T L T l T Ll T ' T T T I T T

----- Expecled limit |

] Expected limit = 1o
[ ] expected limit =2 0 —

——— Observed limit

1 I 1 1 1 I 1 1 1 I | 1 1 l 1 1

400

600 800 1000 1200

M?'“[GeV]

62

—
o
“w

Events/i30 GeV)
5 5

—
o
(=]

-
e
-

1.2
1.0

Data/MC”

0.6

107

(X1

2.3 b "' 13 TeV)

- CMS ,,I;ﬁ "o oWl —— W M=3Tev
Frelminary T—ET Il multijet —— W' M=1TeV
’F .t Syst. uncer.
- /A —4— Data
N Diboszon

800 1000 1200 1400 1600

N7 [GeV]

7))
>3
O
C)
E
(@)
=
L)
(=]
A=)
-

Nov. 13 2017

Dr. Isobel Ojalvo



60

50

40

30

20|

90 100 110

Charged Higgs

CMS preliminary

129 fo™' (13 TeV)

llllllllllll

Lt = H'b,H — 1™,

[ MSSM m{™*

| v, +ets final state
—=— Observed

| Excluded
=== Expected median - 1o
— ----- Expected median = 20
[ —— m"**" » 125:3 GeV

‘Illll

Illlllllllllllll

L L I
|

f

f
|

lllllllllll

|

120 130 140 150 160
m, (GeV)

63

30

20

10

CMS Praiiminary

129" (13 TeV)

ll llll

lllllllllll

llllll

pp — Hb)H, H" — v,
1, +jets final state

- Observed

. | Excluded

llllllllllllllll

[ MSSM me* %55 Expected median = 10~
. = Expected median + 20
— __m:lssm w 125+3 GeV _
I WY I S B
200 250 300 350 400 450 500

m, (GeV)

®

Nov. 13 2017 Higgs to Tt @ CMS

Dr. Isobel Ojalvo



Prospects for 2018 and Beyond®

* No sign of new physics... yet!

1))

>3

O

* Data collected in the next 10 years will be used to measure the ?
oroperties of the SM Higgs and continue the search of SUSY £
particles >

-

* Taus will play an important roll in these searches ~
* Conditions at the LHC will become more challenging and it is —
important to be able to maintain manageable rates and have efficient 3

data collection for important physics analyses
* Analyses on the full 2016 dataset are still being made public

* Many opportunities for innovation!

Dr. Isobel Ojalvo
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In 1975 the discovery of the Tau was new land Iin the sea
of two generations. Perhaps the Tau will lead us out of the
sea of the standard model.

- Martin L. Perl
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