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C.E.R.N. and the LHC

Large number of H.E.P. projects - Large Hadron Collider
- Astrophysics Proton-proton collider, radius = 4.3 Km.
. Dark Matter searches Two multi-purpose detectors: CMS & ATLAS.

Collid Plus other specialized detectors:
. ofiaer ALICE, LHCb, TOTEM, MoEDAL and LHCf
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C I\/l S D eteCtO r STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Pixel (100x150 pm) ~16m?* ~66M channels
Microstrips (80x180 pum) ~200m? ~9.6M channels

Overall diameter :15.0 m
Overall length  :28.7m
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO 4 crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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CMS Collaboration: 180 institutions, 43 countries
» 1789 physicists » 891 Ph.D students » 859 engineers » 281 technicians




CMS Data is pouring in...

Data included from 2010-03-30 11:22 to 2016-07-25 21:26 UTC
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ttH

95% CL upper limit on p

Where we left of ...
LHCP 2016, June 13", 2016. Lund, Sweden.

- Presented an array of new analyses based on 2.3-2.7 fo-l at 13 TeV.
- Standard XS measurements: Ttbar, W, Z, WZ, ZZ, etc
- Higgs searches to di-photon, multi-leptons and invisible
.- Sparticle searches
- Searches for exotic Z' and X; 5 particles.
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Where we left of ...
LHCP 2016 , June 13", 2016. Lund, Sweden.

- Analysis on X(750)2>yy excess remained strong.
Added O B-field data = sensitivity increased 10%,
Local 2.8 sigma @13 TeV.

- Adding 8 TeV data->local sig. to 3.4 sigma, global to 1.6 sigma
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Plethora of new CMS results with 13 fbo ' at 13 TeV.

. Just new for ICHEP 2016, more than 70 new results !!
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IN this talk

» Resonances
Di-Jet

Di-Photon
Di-Lepton

» HIggs
Rediscovery
Properties

> Dark-Mat

Mo

‘er searches

qO‘u

et and Mono-V

DM summary

» SUSY
All-Hadronic
Combination with Leptons

= (Can’t cover all new analyses = “crazily selective”
= | will focus on results not on methodology

= Devilis in the details. Check all of them from CMS public page:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

August 12th, 2016
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Resonances

Some new resonance analyses for ICHEP 2016

EXO-16-015
EXO-16-009
EXO-16-025
EXO-16-027
EXO-16-031
EXO-16-032
EXO-16-034
EXO-16-035

August 12th, 2016

Search for excited quarks in the y+jet final state in pp collisions at Vs= 13 TeV
Search for excited leptons in [lgamma final state at 13 TeV

Search for high-mass resonances in Z(qg)gamma final state at 8 TeV

Search for high-mass resonances in diphoton final state using 2016 data
Search for high-mass resonances in dilepton final state with 2016 data
Search for high-mass resonances in dijet final state with 2016 data

Search for high-mass resonances in Z(ll)gamma final states with 2016 data
Search for high-mass resonances in Z(qg)gamma final state with 2016 data

Ricardo Eusebi - W& C Seminar
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Dijet resonances CMS EXO-16-032

Predicted by BSM models: axigluons, colorons, scalar diquarks,
W"and Z' bosons, excited quarks, color-octet scalars, string
resonances, RS, etc.

early-detection signatures ls =13 TeV

: > - i

for new physics Q000%r CMS -

5 0.004f Simulation Preliminary —

o : .

Typical dijet lineshape: =, 000351 Widejets -

o ' N 0.003C i <2.5,1An ] <1.3°

Gaussian cores from T B :

. S - quark-quark :

detector resolution o | N quark-gluon -

Tails primarily from - B\ N gluon-gluon -

QCD radiation. - -

Consider three final states 00005¢ | E
a4, 499, 99 e 500 5000 59057309 5000
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Dijet resonances

CMS EXO-16-032

- Dedicated low- and high-mass channels.
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CMS Preliminary

12.9fb™' (13 TeV)

% ¢ Data

. — Fit

= e, e gg (2.0 TeV)
E Sy e qg (4.0 TeV)
i - qq (6.0 TeV)
~ Wide PF-jets

I§_ m; > 1.1 TeV

=l <25, 1Anl <1.3

Dijet Mass [TeV]

Great baseline fits for SM background

August 12th, 2016
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Dijet resonances: Limits

CMS EXO-16-032

> For most of the favorite models...

August 12th, 2016

CMS Preliminary 12.9 b (13 TeV
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Dijet resonances: Limits

> For most of the favorite models...

CMS EXO-16-032

Observed (expected) mass limit [TeV]

Model Final 129fb~' 24fb" 20 b~
State 13 TeV 13 TeV 8 TeV

String qg 7.4 (7.4) 7.0(6.9) 5.0 (4.9)
Scalar diquark qq 6.9 (6.8) 6.0(6.1) 4.7 (4.4)
Axigluon/coloron qq 55(5.6) 5.1(5.1) 3.7 (3.9)
Excited quark qg 54 (5.4) 5.0(4.8 3.5 (3.7)
Color-octet scalar (k2 =1/2)  gg 3.0 (3.3) — —

W’ qq 2.7((3.1) 26(2.3) 2.2 (2.2)
7/ qq 2.1 (2.3) — 1.7 (1.8)
RS Graviton qq, gg 1.9 (1.8) — 1.6 (1.3)

Increase in all limits due to larger statistics
Excluding string resonances up to 7.4 TeV

August 12th, 2016

Ricardo Eusebi - W& C Seminar
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Dijet resonances: highest dijet invariant mass.

‘ CMS EXO-16-032 I

Jet 1,

T = pt = 3.61 TeV
pt = 3.61 TeV S

eta = 0.32 =g

phi =0.64

Jet 2,
pt = 3.38 TeV
eta = -0.56
phi =-2.49
Jet 2,
pt = 3.38 TeV
eta =-0.56
phi =-2.49
CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN ‘
Data recorded: Thu May 12 00:40:47 2016 EEST L—" Data recorded: Thu May 12 00:40:47 2016 EEST
Run/Event: 273158 / 238962455 Run/Event: 273158 / 238962455
Lumi section: 150 Lumi section: 150
Dijet Mass: 7.7 TeV Dijet Mass: 7.7 TeV
August 12th, 2016 Ricardo Eusebi - W& C Seminar

15



Di-photon resonances

> Central-Central
CMS PAS EXO-16-027

CMS Preliminary

12.9fb" (13 TeV)
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Di-photon resonance

» Di-photon spectrum
CMS PAS EXO-16-027

CMS Preliminary

12.9fb" (13 TeV)
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95% CL limit on 613"V B, (fb)

> Combine and set Limits
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Di-photon: at 750 GeV

> What Is seen now > What we would have seen
CMS PAS EXO-16-027

CMS Preliminary 12.9fb" (13 TeV CMS Prellmmary 12.9 fb (13 TeV)
> L AL DAL LR I R IR > [T rrrrrrrrr e
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August , o




Just to mess vv|th phenomeno\oglsts

August 12th, 2016 Ricardo Eusebi - W& C Seminar
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Dilepton Resonance

Very clean signature !
high signal efficiencies and small :
well-understood backgrounds.

GUT Theories
-undamental interactions have common root ?

Maylbe strong and electroweak interactions are
described by one, larger, gauge group at & > Eg 7.

At E<Egr the group breaks into SM groups.

Many of these models predict, at TeV scale, additional
neutral gauge bosons, interacting similarly to the Z°

August 12th, 2016 Ricardo Eusebi - W&C Seminar 20



Events / GeV

Dilepton

qesonance CMS EXO-16-031

Separate by flavor: ee and uu

12.4 b (13 Te\ 13.0 fb" (13 TeV)
10° iE ¢ Data | CMS E 10° ;_ ¢ Data | CMS
10* & [ ] y*/z — e* e Preliminary E 104 & [ ] v~z — w*u Preliminary
OB I, tW, WW, WZ, ZZ, v S 40P ;
10° ] Jets B 102 E

l IIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| 111
—
o

10
15 1
107" 10
102 107
10° 10°
10—4 : 1 1 | 1 1 1 1 1 1 1 1 | 1 10'4 1 1 | 1 1 1 1 |
80 100 200 300 1000 2000 30 80 100 200 300 1000 2000 3000
m(ee) [GeV. m(utu-) [GeV]

Agreement over 6 orders of magnitude !!

August 12th, 2016
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Dilepton Resonance CMS EXO-16-031

. Separating by flavor: ee and uu

12.4 b7 (13 TeV, ee) 13.0 fb" (13 TeV, uw)
I T T T T | T T T ‘l T T T T T T T T T T T | T T T T | T T T T | T T T T l T T T T | T T T ‘l T T T T T T T T T T T | T T T T | T T T T | T T T T
CMS ) —— Observed 95% CL limit | " CMS : —— Observed 95% CL limit |
Preliminary N\, aeees Expected 95% CL limit, median Preliminary N\ ', aeee- Expected 95% CL limit, median

[ Expected 95% CL limit, 1 s.d. 3 [ Expected 95% CL limit, 1 s.d. 3
[ ] Expected 95% CL limit, 2 s.d.

— 7', (LOx1.3)

[ ] Expected 95% CL limit, 2 s.d.
— 7', (LOX1.3)

-en Z'g, (LOX1.3) cee Z'gg,, (LOX1.3)

o(pp—Z'+X—ee+X) / o(pp—=Z+X—ee+X)
o(pp—Z'+X—=uu+X) / o(pp—=Z+X—=pu+X)

—

<

\‘
II|

%o -
*. [ *
| Y [ v L vv v v bv v v v b v v v v b v gy Y

| 11 o | 1 | | 11 o |
4000 4500 500 1000 1500 2000 2500 3000 3500 4000 4500
M [GeV] M [GeV]

_l 1 1 1 | | 1 1 1 | | | I | | I | | 1 1 1 | | 1 1 1 | | 1 |
500 1000 1500 2000 2500 3000 3500

Exclude M. up to 3.65 TeV Exclude M. up to 3.75 TeV

Limits valid for narrow resonances (I'~0.02my), assume on-shell
cross sections and do not include interference effects

August 12th, 2016 Ricardo Eusebi - W& C Seminar 29



FIQQs

Some new Higgs analyses for ICHEP 2016

HIG-16-019

HIG-16-020

HIG-16-022
HIG-16-023
HIG-16-024

HIG-16-025

HIG-16-027
HIG-16-028

HIG-16-029
HIG-16-033

August 12th, 2016

Search for H>bb™ in association with a single top quark as a test of Higgs
boson couplings at sV=13 TeV

Higgs to gammagamma measurements at 13 TeV using 2016 data

Search for the ttH process with multilepton decays using the 2016 data
Search for high mass Higgs to WW with fully leptonic decays using 2015 data
Search for the nonresonant HH process with WWbb decays using 2015 data

Search for a heavy Higgs boson decaying to bottom quark pairs in the 13 TeV
data sample

Search for charged Higgs bosons in WZ decays at 13 TeV
Search for H(bb)H(tautau) decays from non-resonant production

Search for H(bb)H(tautau) decays from resonant production
Higgs to four leptons measurements at 13 TeV with 2016 data

Ricardo Eusebi - W& C Seminar 23



Iggs “Rediscovery”

»H-2>Yyy

CMS HIG-16-020

»H->77->4 leptons

CMS HIG-16-033

CMS Preliminary 12.9fb ' (13 TeV) > s CMS Prefiminery | | 12917 (13TeV)
L L N L L L B L — —
5000:_!:'__)172% 0 GeV. [-0.95 All categories 7 8 - e Data a
- Me= ' eV, H=0. S/(S+B) weighted 7 < 40 ] H(125) —
4000 — = — « .
3 ¢ Data _ - ; 35:_ | ] qq—ZZ, Zy* E
- S+B fit 1 € 39F B 99-2Z,Zy =
3000 ™ e B component — o - I Z+X B
- mtio 1 @ 3o | E
- [ ]1+2 E - ]
2000: . 25:_ ]
1000— - 205_ —f
0: 1 1 .l....l....l....l....l....— 155— —f
200 - " B component subtracted 3 10;_ _f
5 - —
g I:I!u.!u!|| LI || i =
Ly = o SN oo Hagdle o m . l -
- . . . . . . 80 100 200 300 400 500 600 800
100 110 120 130 140 150 160 170 180
m,, (GeV) m,, (GeV)
Signal clear to the naked eye
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Iggs “Rediscovery”

»>H-2>vyy CMS HIG-16-020 »H—>2/->4 leptons CMS HIG-16-033

- 1 CMS Preliminary 129 tb' (13 TeV)
CMSPre/Im/nary 12.91fb (13TeV) () 1 L, S I L L e s s |
GJ 1 II_|I LI I LI I LI LI L LI L LI LI I LI I LI I E k
= —VY 1 ©
g 10 e N . ©..: 5
O = . U W o 2.0 Q
— 1072 ©
S 3.0 ]
@) 10—3 el il il A Bttt _—
— — Observed :
104
................. Y SO 3 o)
10°= ... Expected ]
10° 5
, Expected YRR W VRN (AR~ B SR 10-1 H—>ZZ" - 4]
10" "°°7 _
m, = 125.09 GeV —— Observed4e ™.
10°8 . —— Observed 4y -
10
. \ 6 G —— Observed 2e2u
10_ el e ! FEEERUT/rTmmsEEESEESESEEESEEEEEEEEEEEE S =- .
_____________ O —— Observed combined
o™ T 10 M - Expected
| [ 11 1 I 11 1 I 11 1 I 1 1 | I 11 I 1 1 1 I 1 1 | 1 1 | 11 1 [ | | 1 | I 1 | | | | 1 | l 1 | ] [ | 1 | l | | |
116 118 120 122 124 126 128 130 132 134 118 120 122 124 126 128 130

m,, (GeV) m (GeV)

Well beyond 5 sigma in each independent channel.
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IgQs properties from

|1=>//->4 leptons

Channel well suited for understanding Higgs properties:
» Large signal to background ratio channel
» Complete reconstruction of final state decay products

» Excellent lepton momentum resolution

INn a nutshell;

» Form Z candidate from leptons:

» same flavor, opposite charge,
within some Z window.

all

Untagged

VBF-1j tagged

» (Combine into ZZ : 4e, 4u, 2e2u

» Place several safety requirements
on Z candidates and ZZ events (e.q,
m,>4 for all lepton combinations)

» Separate in 6 exclusive “categories” :
» Total of 18 = 3 x 6 bins.

August 12th, 2016

VBF-2j tagged

VH-leptonic
tagged

VH-hadronic
tagged

ttH tagged

CMS Preliminary

CMS HIG-16-033

12.9 67" (13 TeV)

21.28 exp. events
15.27 exp. events
3.56 exp. events
1.44 exp. events
0.14 exp. events
0.69 exp. events

0.18 exp. eve ;

0 01 02 03 04 05 06 07 08 009

Ricardo Eusebi - W& C Seminar

signal fraction

B ooH

B VBF
B WH, WX

BB WH, W—lv
ZH, Z—X
W ZH, Z—21
ttH, tt—0/+X
I ttH, tt—>17+X
B ttH, tt—>2/+X

26



Oy [fD]

Iggs properties from

5.1 fo”' (7 TeV), 19.7 o' (8 TeV), 12.9 fb™ (13 TeV)

|>/7/2>4 lep: XS

CMS HIG-16-033

CMS Preliminary

12.9fb™" (13 TeV)

LI I L | I | | | I I
CMS Preliminary
+ Data (stat. @ sys. unc.)

= Systematic uncertainty

Model dependence

ssx:nn Standard model (m =125 GeV, N°LO gg— H)

_|IIII|IIII|IIII|IIII|IIII

0.40
no = 096793 | 4

1.61
u = O.67i0-67 ]

_llIII|IIII|IIII|IIII|IIII

IIIIIIIIIIIIIIIIlIIIlIIIII
H— ZZ* — 4]

m,, = 125.09 GeV

+0.33
l'Lcomb. - 0'99‘0-26

2 M, = 1.84755 |
1 pp — (H — 4l) + X o
o= 8AT .

Ol b b b b Lo L Ly b b b b b b b b L

/ 8 9 10 11 12 13 14 0 2 4 6 8 1012 14 16 18 20 22

Vs (TeV) U
Cross section compatible with SM.
No tension in signal strength between all channels.

August 12th, 2016 Ricardo Eusebi - W& C Seminar 27



CMS Pre//m/nary 12.9 o™ (13 TeV)

-2 A InL

Iggs properties from H=>//-2>4 lep: Mass

CMS HIG-16-033

— +0.48
my = 124.50+048 Gev

2e2u

4e

?

20 121 122 123 124 125 126 127 128
m, (GeV)
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Iggs properties from H>27-2>4 lep: Width

Measured cross sections can be kept fixed if one simultaneously
rescales couplings of the Higgs boson to SM particles and the

Iggs boson width by appropriate factors. PRD 88, 054024 (2013)

In the peak region we measure cross section

remains the same with simultaneous rescaling

8787
Lo f of product of couplings2 and width.

Oi-H—f r

H

Production of off-shell Higgs’ is independent of the width and
changes proportionally to rescaling of the product of couplings/2

Use this 1o measure absolute width.
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I, [GeV]

Iggs properties from

15774 lep: Width
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CMS Preliminary 12.9 b (13 TeV)
I
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123123.5124124.5125125.5126 126.5127
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CMS Preliminary 12.9 fb" (13 TeV)
16 _I T T | T TT | I'T T | I'T T | T T | I'TTT | T TT | I'TTT | L I‘I"i'l I_
.4 105 GeV < m,< 1600 GeV ]
E —Observed E
2 .. Expected ]
10 .
8 =
6~ =
[ 95% CL |
4= — — — — — —
21 ,
| 68%CL_ .~
O xhﬂ—b*' | 1111 | 1111 | L 111 | 1111 I | | 1111 | 1111 | ] l_
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

I, [GeV

Width of Higgs constrained to be less than 41 MeV at 95% CL.
(compared to 3.9 GeV is considering only on-shell production)
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Resonance pp=>X=>Z7->4 leptons|_OMsHG-16-033 |

. CMS Preliminary 12.9 b (13 TeV)
=  Expected gObserved, 95% CL
=3 10°-  r=0 Wtistd — =
A ;:::::::::::::::::::éi:::: -+ 2 std. 3?3373733?7%?733537:
N |

N

130 10° 2530

NoO excess observed
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Dark Matter Searches

Some new Dark Matter analyses for ICHEP 2016

EXO-16-005
EXO-16-010

EXO-16-011

EXO-16-022
EXO-16-037
EXO-16-038
EXO-16-039
EXO-16-040
EXO-16-043

August 12th, 2016

Search for dark matter in association with a top quark pair at sv=13 TeV
Search for dark matter and unparticles in events with a Z boson and missing
transverse momentum in proton-proton collisions at sv=13 TeV

Search for dark matter produced in association with a Higgs boson decaying to
two photons

Search for displaced leptons at 13 TeV (e-mu channel)

Search for dark matter in jets+MET final state with 2016 data

Search for dark matter in Z(lI) MET final state using the 2016 dataset

Search for dark matter in photon+MET final state with 2016 data

Search for dark matter in top+MET final state with 2016 data

Search for pair production of first generation leptoquarks
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Dark Matter

No experimental evidence of Dark Matter non-gravitational
interaction with SM particles.

» If DM and SM particles interact, then DM can be produced in
proton-proton collisions

In many models, DM interact via mediators:

Scalar Mediator Vector Mediator

Striking signature of a single object with large momentum imbalance
"Mono-X" searches, where X=jet, photon, lepton, W, Z,
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Dark Matter: "Mono”-det & "Mono™-V [__CMSEXO-16-037

. Search in the MET distribution for Mono-Jdet and Mono-W/Z

12.9 o' (13 TeV) 12.9 fb' (13 TeV)
SET T L — I — I — I — 10%F T 1 T T 3
> 10 | | T | > 10 | RN :
(2 10tk CMS Preliminary o . (2 10°L CMS Preliminary Bz ]
(2 [ Jw-w 12 : e w-w E
c 103 I wwizzwz c f T wwwzzz ]
10
g — G 107, —
L 102 [ 20 = ysets L - [ 21y =t y+jets
oo 10 oo .
m— Higgs Invisible, m =125 GeV ) 3
10 — Aabvecton M ”=1 . Axial-Vector, M__ = 1.6 TeV .
L 1 Higgs invisible, m =125 GeV |
] E
10° 107
1072 107
3 ki
o c
cu 3
© ©
(] ()]
& &
\(_DU, _2 | | | | | | | | | | | | | | | | | | | S
200 400 600 800 1000 1200 400 600 800 1000

E[‘rniSS [GeV] E_II’PiSS [GeV]

Use this to place limits on models
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Dark Matter: Mono-Jet & Mono-V ~ |__CMSExo-i6-037 |

CMS Preliminary 12.9 b (13 TeV)

1200 10
@)
o
---------- Median Expected 95% CL 3
1000 Expected * 10, 0 iment cz,,
——— Observed 95% CL N Q
Observed + 1o, ’ aq
;- 800 NN Qgxh? >0.12 § &
(D) 1 R
) i 59\
= e00)Fm =
3 ﬁ
1
400 10
200 .:}.é::.ai ;;;;
| | . | R | S NN 7 1 0_2
500 1000 1500 2000 2500
m_.4 [GeV]

Limits on plane of mass-DM vs mass-mediator.
For Vector mediator exclude m, .4<1.95 TeV and mg,,<770 GeV
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DM +jetsV(d)) v
gDM=1, gq=0.25 avl
DM + vy v
gDM=1, gq=0.25 avl
DM + Z(I'T) v
9,1 gq=0.25 AV
DM +1t
9,,=1 8.;=b.=0.25 v
DM + H(bbAy)
m A.,=SOOGeV; mDM=1 00GeV
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CMS Preliminary

Dark Matter: Summary

Dark Matter Summary - ICHEP 2016

ToT T T 1711

Jojelpaw | uids

- DM exclusions

Joje|paw (o uids

mediator
exclusions

1 1 llllllI 1 | ll'llll 1 1 L1 1 1 1.1

1 10

10? 10°
Maximal excluded mass [GeV]
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EXO-16-037
13TeV, 12.9fb™

EXO-16-039
13TeV, 12.9fb™

EXO-16-038
13TeV, 12.9fb™

EXO-16-040
13TeV, 12.9fb™

EXO-16-012
EXO-16-011

13TeV, 2.3fb™

EXO-16-037
13TeV, 12.9fb™

EXO-16-005
13TeV, 2.2fb™

B2G-15-007
13TeV, 2.2fb™

10*
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SUSY searches

Some new SUSY analyses for ICHEP 2016

SUS-16-012
SUS-16-013

SUS-16-014
SUS-16-015

SUS-16-016

SUS-16-019
SUS-16-020

SUS-16-021
SUS-16-022
SUS-16-023
SUS-16-024
SUS-16-025
SUS-16-026
SUS-16-028
SUS-16-029
SUS-16-030

August 12th, 2016

Search for SUSY in Events with a Higgs Decaying to Two Photons Using the Razor Variables

Search for RPV SUSY in Ol and 1l final states

Search for supersymmetry in the multijet and missing transverse momentum channel in pp collisions at 13 TeV
(RA2/b)

Search for new physics in the all-hadronic final state with the MT2 variable (MT2)

Search for new physics in final states with jets and missing transverse momentum insqrt(s) = 13 TeV pp
collisions with the alpha_T variable (AlphaT)

Search for supersymmetry in events with one lepton (1/ dphi)

Search for SUSY in same-sign dilepton events at 13 TeV (552I)

Search for SUSY in final states with opposite-sign dileptons at 13 TeV (0S2l, strong + ewk production)
Search for SUSY with multileptons in 13 TeV data (RA7)

Search for SUSY in photon + MET final states at 13 TeV

Search for electroweak SUSY production in multi-lepton final state at 13 TeV

Search for SUSY in the soft opposite-sign dilepton final state at 13 TeV (SOS)

Search for electroweak SUSY in the WH final state at 13 TeV

Search for direct top squark pair production in the single lepton final state at sv= 13 TeV

Search for direct stop pair production in the fully hadronic final state at 13 TeV

Search for SUSY with a customized top tagger at 13 TeV

Ricardo Eusebi - W& C Seminar
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SUSY is around the corner

. Which one ?

Targeted aim requires a bit of luck, broader searches not so much.
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Search for SUSY in Jets+MET CMS PAS SUS-16-014

All hadronic search targeting several models

Models produce different signatures:

Number of Jets

Number of b-jets

Missing Transverse Jet Momenta, MH;
Scalar sum of jet transverse momenta, Hs
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Search for SUSY in Jets+MET CMS PAS SUS-16-014

Strategy in a nutshell

Veto both isolated e or mu, and isolated tracks
Require minimal A®(MH-,jets) avoid MHT from mis-measured jets

Split signal region into bins

4 Njets bins: > e
3-4,5-6,7-8,=9] G, 900f o o
4 Nb-jets bins: & s00f -
0,1,2, =3 | ook -
In each (Njet, Nbjet) bin sook |7 8 ]
define 10 further different ool
signal regions !

g g PP 5 6 |

300/ G116 &5
A total of 160 signal bins !!! 300 600 900 1200 1500 1800 2100
H. [GeV]
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Search for SUSY in Jets+MET CMS PAS SUS-16-014

Backgrounds grouped by features
»/DVV » Lost lepton »Hadronic-tau lepton

CMS Pretiminary 12.9fb" (13 TeV)
w - . ,
c 10° 3<N_, <4 ' 5<N_<6 . 7<N_, <8 N, =9
g Nop j : ; a : “
Hi1CE, 1 2 23 ¢ Data
o | B I e
10° I L ’
:-’ | | jlec:::m ach
10° ! ||") é |
0 = }I‘. ‘Z : . :
| i IlF i [l
' H ik
jl \ ’ Li e il ‘ . IH

- JINEE T AT AR R T AR
L

20 40 60 80 100 120 140 160
Search region bin number

(Obs.-Exp.)
E
o
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Search for SUSY in Jets+MET CMS PAS SUS-16-014 |

Example sensitivity to T1bbbb
CMS Preliminary 12917 (13 Te%

o 1 1 '
%105 3=N, <4 SN, <6 7=N_ <=8 N, =9
u>_1 |
10° § H;“’> 500 GeV E + Data
104 § ; ' ; Hadronic : s
: Bz Hadronlc L 1G-bB 1,
' : : m, = 1500 GeV

Lost - :
j lepton QcCh ; mio = 100 GeV

(Obs.-Exp.)

0 1 2 3+ 0 1 2 3+ 0 1 2 3+ 0 1 2 3+

N, e (P, > 30 GeV)
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Search for SUSY In Jets+M

=

CMS PAS SUS-16-014

Other specific regions sensitive to:
»T2bb

> T 11ttt

80

CMS Preliminary 129t (13 TeV)
[} L
= C - Lost Hadronic
L% 80 + pata [l 20 tepton || - lepion |__]9CP
- —— gt ¥} (m,_ =1500GeV, m,, = 100 GeV)
- i,
7o == == gt i (m, =1200GeV, m, =800 GeV)
- i,
60 My o0 2 2, H'* > 500 GeV, H_> 500 GeV

IIIIIIllIII|IIIl|lIIIIIIIIIIIIIlI! l l I

10 11 12
N, (p, > 30 GeV)
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I|
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1 [ 1,

3 Sh‘ <4’Nb-m=2’HT>SOOGev

(-

CMS Preliminary 129 ' (13 TeV)
5 doaa [z [icion [timon: [Joco
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Events

22
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» 1200

CMS Preliminary 129 ' (13 TeV)
i - Lost Hadronic

:_ + Data . 2V lepton 7 lepton ID G0
:_ — G )7? (mq = 1000 GeV, m , = 100 GeV)

- -m== Gog i'j(mq = 700 GeV, m , = 400 GeV)
pr— l‘

- N, = 0, K" > 750 GeV, H_> 1500 GeV
r [ ]

I.d

Great sensitivity to many different scenarios
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Search for SUSY in Jets+MET CMS PAS SUS-16-014

Example exclusion results
CMS rreliminary 12.9 fo™' (13 TeV)

~ 700 — = 10° o
D pp -ttt ot ’)Z? NLO+NLL exclusion = Sy> 99% CL upper mit in XS
S 600 =Observed £ 16, i - @ (1000,400) = 0.02 pb
EO’XF -z Expected + 10, . : -%
. = S
500~ = ® > We can exclude at 95% C.L.
B i a production wherever expected
400 13" G cross section is larger
- = S than upper limit.
300~ ‘\ 4 |, E
ool N1 & » At(1000,400) production is
o VIR 1 Q ~0.006 pb so we can't
i , \‘\ = o 1 =107 c_JI exclude that point.
100_ ' 4II || . ‘I =] E
:.’r "r',' X : ,' ] = O\O
-, ! : : : _ _ LO
O ‘ .l’I l | I L l | l L ] | " ] @

| |'| ] ] ] ] -3
200 400 600 800 1000 1200 1O

m: [GeV]
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Search for SUSY In Jets+M

Reminding Results
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CMS Preliminary 12.9 b (13 TeV)
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CMS PAS SUS-16-014

CMS preiiminary 12.9 fb’ (13 TeV)
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SUSY : Combining with leptons

pp — 909, g = ttX°  icHEP 2016

B | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ ]

2000-CMS Preliminary 12.9 b (13 TeV) —
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Summary

. Fantastic show of CMS results at ICHEP 2016

- More than 70 new results enabled by the successtul
operation of the LHC and CMS detector.

.+ Broad scan of p

- Mo

e data hel

nysics beyond the SM.

0 achieved new levels of sensitivity

. Great increase in reach of BSM

. No significant deviation from the SM... just yet...

. CMS

- As Of toC

IS collecting data like crazy

ay have 20 b1, expect ~26 fb-'on 2016.

Stay tuned for the next set of results from the LHC

August 12th, 2016

Ricardo Eusebi - W& C Seminar

47



August 12th, 2016

Thank you
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BSackup
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In 2015 L

C went from /s=8 TeV to 13 TeV ...

Min. bias

WZ

ZZ

Single t (s-ch.)
Single t (t-ch.)
tw

tt

ggH

VBF

VH

~ ttH
tt (0.7 TeV)
1t (0.9 TeV)
qq (1.0 TeV)
g (1.5 TeV)

gg (2.5 TeV)
Z'sqy (2.0 TeV)

G* (3.0 TeV)
HSCP g (2.0 TeV)
W stb (2.0 TeV)
Keaksz (1.0 TeV)
KsaKspz (1.0 TeV)
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~ Predicted cross-section ratios
:§(G'L)13 Tev” (G'L)s Tev
!
-
i
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13 TeV/G8 TeV
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