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1. Introduction

2. Status of CMS Experiment
» CMS Performance 2015-2018, 13 TeV

3. Highlights of run Il Measurements, 13 TeV
» Higgs Physics Results
» Few BSM searches

( other three talks in this workshop covering other important topics:

- Searches for exotic signatures with the ATLAS detector: Gabriela Navarro
- Heavy favor physics in CMS: Jhovanny Mejia
- Searches for DM at the LHC: Andreas Albert)

4. Prospects for HL-LHC
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CMS

MAIN ACHIEVEMENT OF LHCRUN I :

HIGGS BOSON DISCOVERY
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Phys. Lett. B 716 (2012) 30

Discovery announced on July 4
2012 with ~ 10 fb! of data.

Main Discovery channels: Full
final states reconstructed.

Full kinematics info very
important to reduce
backgrounds.



https://doi.org/10.1016/j.physletb.2012.08.021

los Andes RUN | MASS MEASUREMENT

Combined measurement of ATLAS + CMS ( H-> yy, H>ZZ)
Phys. Rev. Lett. 114 (2015) 191803
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http://link.springer.com/article/10.1140/epjc/s10052-014-3076-z
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= Higgs width (I';,>™ ~ 4 MeV) from on-shell/off-Shell ZZ and WW production, combined ( JHEP 09 (2016) 051 ):
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http://link.springer.com/article/10.1007/JHEP09(2016)051
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072010
http://link.springer.com/article/10.1007/JHEP08(2016)045
http://link.springer.com/article/10.1007/JHEP08(2016)045
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012004

e Rt RUN | MEASUREMENTS OF T
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3. Signal Strength v

HIGGS PROFILE
AT LHC RUN | (~25 fb'1)

2

Fully compatible

4. Couplings v’

5. Spin — Parity v/

All particles predicted by the SM
are now experimentally
confirmed.

Great success of the SM!

with SM, within
uncertainties
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Despite all its success, the SM

cannot be the complete story:

= SM does not explain dark matter observed ;1

S e
o

expected
Ligslag!
T T=~—__ _ luminous disk

= Hierarchy problem: Loop corrections R iy

to the Higgs Mass

The expected mber of eve witho utrino osc o
The expected mber of ave W ino ascillatio
—+—Th obsarved mbear o ATl pear-Kamic nche

H ¥
MI%I — Mgare‘|’ l”;,)—l_(H(t}H)"l'(--{:g-) . _

zoo |

= SM does not explain mass of neutrinos

The number of observed muon neutrinos

= SM does not include gravity o b
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SEARCH FOR BSM PHYSICS

Strong physics
motivation to search for
signs of BSM at the TeV
scale accesible to the LHC
(natural SUSY, WIMP
miracle, composite Higgs,
etc.)

No clear guidance on
the parameter space to
search for. (i.e. MSSM
has 124 unknown
parameters = Huge
parameter space).

COMHEP 4, 02/12/2019

p—

DIRECT
SEARCHES OF
NEW PARTICLES
AND FORCES

LOOK FOR
DEVIATIONS OF
PRECISE SM

chnoms

SEARCH
FOR BSM

MAIN GOAL OF THE LHC EXPERIMENTS:

PRECISION
MEASUREMENTS

OF HIGGS
QOPERTIES

CMS.

E/ "J




e idal e FOCUS OF THIS TALK:

More tan 934 publications as of
november 29 2019. Imposible to
sumarize all results in one single
talk.

This talk summarizes some recent
results on:

- Higgs Physics

- Searches : SUSY and Exotica

Three other talks in COMHEP 4,
covering other topics:

- Searches for exo signls with ATLAS det.

- Heavy Flavor Physics
- Searches for DM at the LHC

COMHEP 4, 02/12/2019
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http://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/
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2. STATUS OF CMS
EXPERIMENT

C. Avila, UNIANDES

CMS |
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Silicon Tracker

Electromagetic Hadronic calorimeter
calorimeter

Superconducting
Solenoid

Muon barrel 3
chambers 3_%,
-
A 2
| g0/ |
T - " strips
L 20/ T o ==scgfemm== # S RPCs,
- l// . ' " Muon endcap |/, CSC’s
COMHEP 4, 02/12/2019 DT’s RPC’s C. Avila, U@nul‘pﬁibers o J /
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Combine info from all subsystems to generate a list of
reconstructed particles to descrcibe the entire event

. L * Find u’s and remove
M HCAL :

L Clusters
neutral | '
hadron * : detector

§
0

Find e’s and remove

Find charged hadrons and remove

Find photons and remove

l' *

' L ¥
2+ + photon

charged A )
hadrons particle-flow

e,u,y, charged and neutral hadrons

Find neutral hadrons and remove

A large B field, good calorimeter
granularity and high resolution tracking
are needed for efficient PF.

* Used in the event as a list of generated particles in the event.

e Used to reconstruct jets, taus, missing energy, isolation and

identification of particles in multiple proton-proton collisions.
13



los Andes Achieving High Luminosity
e n, - N1 : N2 .

dr-o0,.0,

1’-rev F

f., is determined by accelerator radius = 11246 HZ for LHC

1) Increase number of bunches, n,, in the accelerator, 2808 for LHC

2) Increase number of protons in the bunches, N;, N, ~10™

3) Minimize the beam size at the collision point,

4) Improve geometric factor F ( beam offsets and crossing angles)

5) Improve machine efficiency : reduce dead time between beam injection, etc.

25 ns: 30 long range encounters per IP

Head on
. collision .~

Parasitic

encounters

|
|
|
|
|
|
|

3 125 ns‘:

COMHEP 4, 02/12/2019 C. Avila, UNfANDES e
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CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

-> twice the design lumi.

20 = Rapid turn-around
0fb-1 between fills (5 hours
typical, ~2 hours record)

. 100 —— 2010, 7 TeV, 45.0 b | ' ' 100 = 3years of sustained high
:E 2011, 7 TeV, 6.1 b luminosity at 13 TeV

- m— 2012, 8 TeV, 23.3 b '

> 80| = 2015, 13 TeV, 4.2 fb 80 0 .

.E g 2016, 13 TeV, 41.0 fb_l u >50A) .Of the t|me In Stable
o e 2017, 13 TeV, 49.8 b ! operation

E = 2018, 13 TeV, 67.9 fb ' o

3 59fb-1 = 2018 maximum peak

- luminosity ~2x10%* cm-2 s-1
3 40 with mean pileup ~ 38

o

O

Q

o

=

©

el

]

|—

\ N\ \Y
NP P

Date (UTC)
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CMS Integrated Luminosity, pp, 2018, vs = 13 TeV

Data included from 2018-04-17 10:54 to 2018-10-26 08:23 UTC
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CMS Integrated Luminosity Per Day, pp, 2018, Vs = 13 TeV
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3. PHYSICS RESULTS AT 13 TeV
» Higgs Physics Results

C. Avila, UNIANDES

CMS, |
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SM HIGGS CROSS SECTIONS

arXiv:1307.1347v2

| lllllll. | | lllllll |

5= 13 TeV

IllllllII | | I N . ¥

I |
10 203

0

100 20

m,, = 125 GeV

C. Avila,U
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los Andes SM HIGGS CROSS SECTIONS
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2 Higgs
produced
every 10°

pp collisions

CMS

Loy = 150 fb?

4

~ 8.5 M Higgs
produced in RUN II

~0.5 M Higgs
produced in
Run I, L= 25 fb!

19
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HIGSS CROSS SECTIONS VS ENERGY

olpb] | olpb]
8TeV | 13 TeV

COMHEP 4, 02/12/2019
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TTTTT

T T

b e
= 1 1 M(H)= {25 GeV F
- | i

6 7 8 9

RUN | (2011-2012)

10 11 12 13 _14 15
/s [TeV]

LHC HIGGS X5 WG 2016

RUN/H, (204552018)

Compact Muon Solenoid

19.3 48.6
VBF 1.58 3.75 2.4
WH 0.705 1.38 2.0
ZH 0.415 0.870 2.1
ttH 0.129  0.509 3.9
bbH 0.204 0.488 2.4

63% increase in energy—>
>200% increase in cross
section

20




CMS

Main
Decay
Channels

Universidad de
los Andes SM HlGGS DECAYS
my= 125 GeV
arXiv:1307.1347v2
t [ I I | I [ I | I I I | I I I | I I I | | [ [ ] Decay BR(%)
g = WW EL
Q = H->bb 57.7
= I 1a
o 18 HOWW | 215
° 3
~10" Z H 1t 6.3
+ 1
- i
5 H>ZZ 2.6
7))
] H 0.23
Si0° - o
~ - H-> Zy 0.15
H>up 0.02
10 - :
I ; H->gg 8.6
) H=>cc 2.9
10 IR S | LN by L1 Hess 0.02
80 100 i 2](.1 140 160 180 200
my=

M, [GeV]
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> H>vyy
> H>ZZ
> HOWW
> H2>11
» H=>bb
> H> Zy

> H>uu

21
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CMS PAS HIG-18-029
CMS pPreliminary 77.4 b {1 3 TeV)

- H—yy

All categories
S5/(5+B) weighted

¢+ Data
— S+B fit

------ B component

1o
[ ]2 0O

" B component subtracted—

'P—r.—rllll

-{{*%‘} -

m,, (GeV)

C. Avila, UNIANDE

CMS

* o(gg2>H)/o5(gg2>H)=1.15+0.15

= o(pp>qgqH)/cgu(pp>qqH)= 0.8733

= Signal strength for different events categories
(STXS Framework):
- Number of jets
- Higgs PT (boundaries of 60, 120 and 200 GeV)

CMS Pre.f:mmary 77.4 fb' (13 TeV)
T T T T T LI | T T

H
%-ﬂr —m— Observation

. SM Prediction —

m,, profiled

ggH 0J | 118702
ggH 1J low 1.3 08
ggH 1J med 0.7 4
ggH 1J high 1.7 o7
ggH GE2J | os87°
ggH BSM | 22797 ——

qqH | o8 | | |
o ey

Gpmcf D‘theo



https://cds.cern.ch/record/2667225/files/HIG-18-029-pas.pdf
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H>Z2Z->4L (4u, 2e2p,4¢e)

137.1 b (13 TeV)
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—— Systematic uncertainty
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% Standard model
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Strategy:

Extract signal strength for each category
Combine in terms of production channel
Combine for inclusive result
_C Ms Pref.:‘mfnary . 137.1 Iﬂ:“ (13 Tev)
asf ) o
af § Tt
a.sf e
= EpggeE gg—rH (POWHEG) + 2H
3 M b ] =xH = WvBF + VH + ttH (POWHES)
2- 5 e (LHC HXSWIEG R4, mﬂ:IES.DB SeV)
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CMS-PAS-HIG-19-001
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CMS

Recent Discovery : ttH PRL 120 (2018) 231801

00 Solenoid

ttH observed with run | (7 TeV+ 8 TeV) + 2016 (13 TeV) data

H=> WW, H-> ZZ, H-> 11, H>bb, H-> yy combined together to maximize sensitivity
Background prediction based on data (control regions) if possible

Reduction of backgrounds using multivariate analyses (MVAs)

first confirmation of the tree-level coupling of the Higgs boson to top quarks

Important way to access yt (t Yukawa coupling): top quarks not produced in Higgs
decay because of their mass

5110 (7 TeV) + 19.7 b (8 TeV) + 35.9fb™ (13 TeV)

511" (7 TeV) +19.7 10" (8 TeV) + 35.9 fo (13 TaV)
UM L NS B B BT AR

35
H [ — Combined : CMS * Observed
bW+—> b+q+q u ]et . - CMS <ec.- SM expected .z'. 1 B ; :jz ::;astt)'i) syst)
b-jet A : ;2;— ?:’V ] RHWW?) i —— +2¢ (stat @ syst)
jet ’, 25 ’ 5] H(zZ") -
*° . 2 : e | ____
; o fiH(T' 1)
b-jet “ 3 - i
151 ftH(bb) —————
[ 748 TeV i
10 [~ |
- & - 13 TeV e
e e 5 :
[ Combined —pe—
,,1 - S B R
Th 0 e
pﬁH U= 1 26+O.31 ”
COMHEP 4, 02/12/2019 —0.36
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.231801

Universidad de

los Andes Recent Discovery : (V)H-> bb

Compact Muon Solenoid

PRL 121 (2018) 121801

Analysis strategy:
= |t has the biggest branching fraction but huge — 3 channels with 0, 1, and 2 leptons and 2 b-
QCD backgrounds (~10° times the signal in this + To target Z(vv)H(bb), W(lv)H(bbJand Z{lI}H(bb) processes ’

mass region) = Choose a weak interaction
production mode to reduce hadronic
backgrounds (QCD multijet, top).

— Signal region designed to increase S/B
* Large boost for vector boson
* Multivariate analysis exploiting the most discriminating variables (myg, ARy, b-tag)

= Advantage of VH: clear signature due to — Control regions to validate backgrounds and control/constrain normalizations

additional V (using 0,1 or 2 leptons + 2 b jets)

signal irreducible backgrounds

77217 (13 TeV)

4137 ¢

13TeV) | o

"""""""" — o

CMS £ - CMS ¢ Data Yy, J)

Supplementary % 0 I vH.H-bb

pp— VH; H— bb % I I:l VZ Z—-bb

1= 1.08 026 (stat) + 0.23 (syst) = 10001 [ ] 5+B uncertainty ! : Y -
ZH(bb) i I e 4 e y
1 =084 +0.54 @ I |

) L
WH{bb) & | V ° y Z,
=1.36+0.57
g o Q¥ o QO :
| /7 n
1 lept. | ) |
u=131£055 I V V e
o e ea—
fll:ﬁt.'m:o.ss 0 : A 0'|Ept0n (MET)
z 0 5 t%.tl 2 0 B0 100 120 140 160 1-lepton [e,p] y
estfit p . . .
miEeY) 2-leptons [ee, ] used to validate the analysis strategy

COMHEP 4, 02/12/2019 C. Avila, UNIANDES 25


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801

Universidad de

los Andes  (V)H-> bb : COMBINATION OF RUN | AND RUN Il DATA

CMS_ | Vs =13 Tev (2017) . T —
= VH(bb) from 2016/17 at 13 TeV, 77.2 fb-! = b-jet i —
= Significance: 4.4 c obs (4.2 exp) - ‘\\ .................
= VH(bb) including also 7 and 8 TeV - —— s
= Significance: 4.8 6 obs (4.9 ex =
g ( P) > \ -
* Including new results and all published data fron -
Run 1 and Run 2 PP—’T“l_b+b -
= Run 1: | © *e" |
= ttH(bb): 5 fo-}(8 TeV) + 19.8 fbl (13 TeV) T ANARRSEERERSERES  ERN
= VBF, H>bb: 19.8 fb-1 (8 TeV) il
* VH, H> bb, 5 fb1 (8 TeV) + 19.8 fbl (13 TeV) | ne1.01=0.18 (etat) = 0.14 (syst) £0.20
= Run 2: u= 1.04Z579
= ttH(bb), leptonic channels (2016) 010y o o0 e e x0T vSt)
= ttH(bb), hadronic channels PECRpEStmE 1B
™ Boosted ggH’ He bb (2016) Run 1 pn=0.89 = 0.38 (stat.) = 0.24 (syst.) ——e1+—
= VH, H>bb (2016 + 2017, I R R
estiit n

COMHEP 4, 02/12/2019 5.6 (5.5) o observed (expected) for all H=>bb
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H- pu

Best chance at measuring a coupling to a second
generation fermion, although branching fraction
(BR) ~ 2.2x10*%, about 10% of vy.

CMS has looked for thisin 7, 8, and 13 TeV (2016 only) data

Current 95% CL upper limit on BRis
5.7x10%, 2.64 X BR,, (observed) vs 2.08 X BR,, (expected).

CMS Preliminary 359 fb" (13TeV)

= u >
S — ':I pp All categories
0 10000— {125 =0.7 for mn=125 GeV S/(S+B) weighted
e ¢ Data
»n 8000— S+B fit
=
o - o emmma=s B component
Ll e000 [— ] = o
2 = C—J=20
S 4000 f—
k) [
= [
— 2000 p— e - -
m - vheyviey
=z ~ .
ﬁ 0 1 | 1 1 1 | 1

200

100

0
100
—200
110 115 120 125 730 135 140 145
m,, [GeV]

15UDES

95% CL Limit on o/cSM

CMS-HIG-17-019

5.0f" (7 TeV) + 19.8 0™ (8 TeV) + 359 fb™ (13 TeV)

1F
5 - CMS Ppreliminary
g =
o |
I e — (10
3107
s 20
1072
E—Observatlon
[ Expected(125)
=== EXpeeteU - -mr e e
_IIII|IIII|IIII|IIII|IIII|IIII|II\I|IIII|IIII|IIII
120 121 122 123 124 125 126 127 128 129 130
m,, [GeV]
5.0fb" (7 TeV) + 19.8 1b™ (8 TeV) + 35.9 fb' (13 TeV)
QE_CMS Prehminary Observed
g ————— Expected background only
3 e
?;_ ==--- x2¢c
6; — — — Expected (SM mu = 125 GeV)
5E-
aE
3
2
1
1 1 | 1 1 L | Ll

120 121

11 I 1 1 1 1 I L1 1 1 I 1 1 1 L I L1 1 |
126 127 128 129 130
my [GeV]

IIIIIII|IIIIIIII
122 123 124 125


https://cds.cern.ch/record/2292159/files/HIG-17-019-pas.pdf

[WicsAndes HIGGS BOSON PAIR PRODUCTION

= Access to the Higgs boson trilinear coupling can be
obtained by measuring the production of pairs of

Higgs bosons (HH) at the LHC.

» oM ~ 335 fb
g H g
q ¥
signal ] _H_ - Background |,
q q \\\HD g

« Constraining coupling modifier k; = Agyy/Asy

A

v

* Not yet close to SM sensitivity, limited by statistics.

* Most sensitive channel (CMS): bbyy despite low BR=0.13%
- Combine several channels (bbyy + bbtt+bbbb+bbVV) to

become more sensitive

COMHEP 4, 02/12/2019

C. Avila, UNIANDES

bbWV

Chsarved TE.ExEM
Expactsd BELEBxEM

bbbb

Obsarved 74.8x5M
Expacied 36950

bbrtt

Chserved 31.4=5M
Expacted 25, 15M

bbyy
Chbserved 23.6x5M
Expeacied 18.8<5M

Combined

Obsarved 22 2x5M
Expactad 12.8= SM

g
j

n
8

95% CL limit on o(pp—sHH) [fb]

PRL 122 (2019) 121803 |

CMS preliminary gg—HH

35.9 b7 (13 TeV)

w
g

&7 8810

—a— Observed
Madian expected
- 68% expecte
9534]»3 xpecied
L

20 30 40 508070 100 200 300 400
95% CL on o, /oiM

CMS preliminary

— Obsarved
= =« Medlan expectad
B 68% expected

) 95% expected
BEEE Theoretical Prediction

35.9fb" (13 TeV)
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3. PHYSICS RESULTS AT 13 TeV
> Few BSM searches

C. Avila, UNIANDES

CMS, |
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It solves many of the SM problems, among them:

Why to searh for supersymmetry?

1.SM H}ggs Mass Hierarchy problem:

=

- 2
oo (125GeV)? = my? = mpg?

2. Unification of gauge couplings :

arxiv:9709356

r Region of SUSY particles
60 \§ u(1) _
'-;--::\\ with no SUSY '—/_‘
M~ \\ .--"‘"
N _...1>-<:"',£/
40 SU(2) P s Y = ——
S, -~ T ——
~~ /, ::
\j; 20 » / ._f__-—""—”
3 =" | with SUSY
- GUT point
0 1 1 1
103 1010 1016
2/12/2019 M

p (GeV)

boson

oo

Increase the

®

gauge boson

L

SM particle
spectra

3. Dark Matter:

_l’_

_|_

CMS

fermion

gaugino

In R parity conserved models: LSP is the DM
candidate particle. In most of RPC models:

1. |7 > =|DM>=|WIMP>

2. SUSY particles produced in pairs

R = (_1)3(B—L)+ZS — {

+1 for SM particle
—1 for SUSY particle

"dnid hedtralinos (7,i = 1,..,4)

MSSM is the supersymmetric extension of the SM with minimal
number of particle states = twice SM # particles + extended Higgs

sector. SUSY partners for gauge bosons mix as charginos ( )Zi—r, )’(';—r )

30



https://arxiv.org/abs/hep-ph/9709356
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losAndes  SUSY CROSS SECTIONS
NLO + NLL, pp, Vs =13 TeV

................................................

A = .= 7%, (higgsino-lke)

—_—
o
=

—— %%, (wino-like)

~N

—A
o
™o

Cross-section [pb]
o

—
o

1072

107

107
10‘5 1 1 1 1 l 1 1 1 1 J 1 1 1 1 1 L 1 1 1 1 1 1 -
0 500 1000 1500 2000 2500
SUSY particle mass [GeV]
COMHEP 4, 02/12/2019 C. Avila, UNIANDES

Strong-production channels
 copious production at hadron colliders
* MET-based generic channels

(“MQ/%
51

Third-generation sparticles
* naturalness =>mass of O(<TeV)
* lighter than other squarks

Electroweak production

* coloured spartners too heavy

* direct gaugino/slepton production
* relevant for dark matter searches

RPC or RPV
* RPC = more leptons/jets and less MET
* RPV = prompt or delayed LSP decay
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0%

Data interpretation Frameworks

arXiv:1908.09672

EFECTIVE FIELD THEORIES

SM

SM

DM

DM

Contact interaction between
SM and DM particles

Few parameters

Model independent searches
Valid only for Q%2 << M
- lIssue for LHC

mediator

CMS

A major difficulty with the MSSM:
Huge parameter space: 124 parameters

LHC DM W.G.
Two possibilities to overcome this issue:

1. Efective Field Theories
2. Simplified Models

SIMPLIFIED MODELS (Adopted for LHC searches):

= Emphasize features of a broad set of models

= Drives phenomenolgy for model independent
searches

= Usually concéntrate in one specific decay chain:

!

(u,d, ¢, s) q
;==
P ~ ; 14
q‘, - ~ '\‘.('ll
' - X3
“:“' - i]:_F ~0
b q X1
g 3 W
is q"’
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https://arxiv.org/abs/1908.09672
http://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc

Universidad de

los Andes Typical SUSY Search B

» Signal region (SR)
= may be single-bin (“cut & count”) or multibin

= optimised for best discovery in targeted productioon/decay mode
s to cover different mass hierarchies =>few SRs for each final state

o

- Data-driven background estimate
= irreducible backgrounds estimated using control region (CR) data as a

observable 2

constraint and Monte Carlo to extrapolate from CR to SR s
o reducible background (fake/non-isolated leptons, MET from jet Rz s I
mis-measurement) from data CRITE |
= validation regions (VR) to check background estimate method and observable 1
CR->SR variable modelling -
Xoa
« Likelihood fit of data in SRs and CRs y. B

= hypothesis testing of signal models =295% CL cross-section upper limits
= background versus data =*model-independent upper limits at 95% CL

Qg >
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l'/rl linivercidad de _ _ JHEP (2019) 2019: 244
-Squarks & gluinos: OL + jets + MET e = 17 " (13 TeV)

» Events with no isolated lepton (e/p) in the final state 107 — 503 7 (m, = 1400 GeV, m = 100 GeV)
o . . o -a g if{mﬂﬂﬂﬂﬁeﬂ.mj:ﬂﬂﬂﬁev;
-=> rely on high MET and hadronic activity. e s :

Events

* Various strategies: i
a) multibin SRs: shape of jet-related variables, 10

e'g'meff_ZjetSPT = 0_4:""1""|""|""|""|""|""|""|"§
b) Boosted Decision Tree (BDT) trained against SM ] 7N aunantant anssetanhaioh Sthah el NS

c) split events into two pseudojets and compute MT2(j1; j2) 200 400 500 600 700 800 900 el Gew)

—>] . CMS preliminary 137 fb' (13 TeV) .
d) Use MHT - || - Zjets PT || CMS'PAS'SUS'lg'OOS 3 pp —>9g.9 —>qa7c:’ Approx. NNLO+NNLL exclusion

5 —Observed + 1 L
£ 1600| === Expected = 1 ¢

experiment

0

MS Preliminary 137 fb' (13 TeV)
I L L O B O B I

107"

10 1200 < H; < 1500 GeV

—=&— 7 — vv (MC)

Fraction / Bin

+IH!‘ T IHIHW

1

—— Z control sample (data) 1072

#
#

107"

_-r

———

—

102 10°

;

1072

95% CL upper limit on cross section [pb]
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https://link.springer.com/article/10.1007/JHEP10(2019)244
http://cds.cern.ch/record/2668105

Events
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Same-sign 2 Leptons & 3 Leptons

Targets leptonic decay signals (including R-parity violation)
o [imited SM (irreducible) same-sign lepton backgrounds

o reducible detector backgrounds non negligible:
fake/non-prompt leptons, electron charge

flip, ..

CMS Preliminary

Baseline

. =Yestimated from data

137 fb™1 (13 TeV)

e

39%,
19%

8%
T
TH
5%

(—
t

7
o

Nonprompt lep.

Charge misid.

W ttH
T1tttt (1600,100) x10
Data [14777]
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http://cds.cern.ch/record/2668107
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losAndes  StOp searches

= Different analysis strategies depending on

the mass difference : Am = mz — m,o

= Compressed regions studied with ISR jet.

c
< / b £
[} S
g J{(@@ \"&\\\
el 5 d’&\ e‘hﬁ\
? jf \)\‘? .,&&& y ("&
£
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VBF selection: jet
candidates with the following
requirements

v" large eta separation

v" in opposite hemispheres
v" large dijet invariant mass q

pp ® CQC: CMS SUSY Results

T T [ L L B L
- CMS 35.9 fb* (13 TeV) -

1709.054086, 3| (S:Co®Tnll, x= —
— 1709.05408, 3| (S:C9®nll, x=0.05)
—1709.05406, 3! (C:C3®Tnll, x=0.95)
—1709.05406, 3| (C:C@lnll, BF(I)=0.5, x;=0.5)
—1709.05406, 2| SS + 3| (S:Ce@Inll, BF(I)=0.5, x,=0.05)
—1709.05406, 2| SS_+ 3! (T & °®@Inll, BF(I)=0.5, x,=0.95)

1709.054086, 3| (C:E9®Tntt, x=0.5)
—1709.05406, 2| SS + 33| (WH)
—1706.09933, 11 (WH)

—1709.08908, 2| OS (WZ) .
—1709.05406, 3| (WZ) ez
== 1801.01846, soft 2| (WZ) : -
((\o

1400
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VBF Electroweakinos
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forward jet
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VBF topology suffers from smaller cross sections, but

CMS

Mucn Solenoid

benefits from lower contamination from SM backgrounds.

70 CMS 35.9 fb! (1 3 TeV)
e — Exp. £1 5.0 eriment _ 4 v, ,( Sl
eol — — m(l) = Zm(x, )-I—ITI(,( )
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Compact Muon Solenoid
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Technical proposal CERN-LHCC-2015-010 https://cds.cern.ch/record/2020886
Scope Document CERN-LHCC-2015-019 https://cds.cern.ch/record/2055167 /files/LHCC-G-165.pdf

L1-Trigger/HLT/DAQ
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193
* Tracks in L1-Trigger at 40 MHz

* PFlow-like selection 750 kHz output
* HLT output 7.5 kHz

Barrel Calorimeters

https://cds.cern.ch/record/2283187

* ECAL crystal granularity readout at 40 MHz with precise
timing for e/y at 30 GeV

* ECAL and HCAL new Back-End boards

Muon systems

https://cds.cern.ch/record/2283189
* DT & CSC new FE/BE readout

* RPC back-end electronics

* NewGEM/RPC1l.6<n<24

* Extended coverage ton=3

Calorimeter Endcap

https://cds.cern.ch/record/2293646
* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

Beam Radiation Instr. and
Luminosity, and Common
Systems and Infrastructure

| https://cds.cern.ch/record/202
Tracker https://cds.cern.ch/record/2272264

0886
» Si-Strip and Pixels increased granularity

“MIP Tlmmg Detector
» Design for tracking in L1-Trigger https://cds.cern.ch/record/2296612
* Extended coverage ton =3.8 Precision timing with:

* Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes
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o 200 pileup collisions

] . Simulated Vertices
= 3D Reconatructed Vartices
—&— 4D Reconsatruction Vertices

—}— 4D Tracks

04

. 3 R \ : ,1"/ <Y :
= ~;%\Wc' Wi "2 . P

\\ \\ [ / — = 150 ps RM

w
+
el

(CMSSW

)
ln.z:— i’i i i
SR
R SN R RN
15
_ CMS S:mu.’anon prer‘.rmmary 13 TeV

tt e\.fent 1racks 30.RECO
pl>0:9 GeV

VBFH - ttin 200 p-p collisions

o HL-LHC BS, 3D vix, PU=140
«HL-LHC BS, 3D vtx, PU=200

Time of flight precision = 30 ps, |n|< 3, p; > 0.7

" . i =HL-LHC BS, 4D vix, PU=140
GeV Provide a factor 4-5 0.5F THLEHC BS, 4D vbx, PU=200
effective pile-up reduction” ALy P T B e
* ~15% merged vertices reduce to = 1.5% 03¢ NN
: : : 0.2} S Sd S
e Low pileup track purity of vertices recovered - o °4°
) : : O ge* v VN
* All showers timed to 30 ps in calorimeters ob. b e, u =vm F

02040608 1 12141618 2
Density (events/mm)

Track-PV association pileup fraction
@]
a A
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Mucn Solenoid

Goal: Be as efficient, and with low background/fake-rate, at 200-250
pileup as we are today, with extended acceptance and new capabilities

* Tracker is AGAIN ALL SILICON but now with much higher granularity, and extends
to n| =4, >2 billion pixels and strips

* Tracking information in “L1 track-trigger”

* Tracker is designed to enable finding of all tracks with P;>~2 GeV in under 4 pus for use in the
lowest level trigger

* High Granularity Endcap Calorimeters

* Sampling of EM-showers every ~1A __, (28 samples) with small silicon pixels and then every
~0.35A . (24 sam|oles) with combination of silicon pixels and scintillator to map full 3-
dimensional development of all showers (“6M channels in all)

* Precision timing of all objects, including single charged tracks, provides a 4t"
dimens;on to CMS object reconstruction to combat pileup (~200K sensors in barrel
section
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LHC

HL-LHC

LSt 14 Tev 14 Tev
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m -
7Tey B8TeV button collimators TDIS sbsorber intaraction HL-LHC luminosity
R2E project 11T dipole & collimator fegons installation }
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experiment upgrade phase 1
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1. Great performance of the accelerator and the CMS experiment during run Il (2015-2018).

2. The LS2, in parallel to the upgrade of the detector, allows to complete the analyses of the run Il data.
3. The LHC will be running in 2021 at 14 TeV with higher luminosity.

4. Even if we do not have signs of any BSM signal yet. We are optimistic that it will reveal at some point
with higher luminosity. So far, we have recorded only 5% of the full lumi expected at the LHC.

5. How a BSM signal might reveals is a mistery: A striking signal might show up in a single channel or
may appear in several channels emerging slowly over large backgrounds. BSM might appear in
channels we have been looking for long time, or perhaps with signatures we are still not looking at
or triggering on.

6. BSM physics is still puzlling us, but that is what Physicists most enjoy: Finding answers to
the puzles of nature. So the futures is bright for physicist: Plenty of work to do.
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tt CROSS SECTIONS

I I I

—h

o

w
T T T TTTT

I |IIIII|

Inclusive tt cross section [pb]
LR A N el el Nl I . g

T

* Preliminary

—_
o
™

10

Tevatron combined 1.96 TeV (L < 8.8 fb )
CMS l+jets,dilepton 5. 02 TeV (L =27.4 pb’ b
CMSep7TeV(L=5fb"

CMS I+jets 7 TeV (L = 2.3 fb™)

CMS all-jets 7 TeV (L =3. 54 fb™)
CMSen8TeV (L=19.7b")

CMS I+jets 8 TeV (L = 19.6 fbr )

CMS all-jets 8 TeV (L = 18. 4 fo™)

CMS ep 13 TeV (L =43 pb™, 50 ns)

CMS dilepton 13 TeV (L = 35.9 fb b

CMS l+jets* 13 TeV (L = 42 pb 50 ns)
CMS I+jets 13 TeV (L = 2.3 fb)
CMS all-jets* 13 TeV (L = 2.53 fb )
CMS t+e/p* 13 TeV (L =359 fb™)

I I 1 I 1 i I | ! 1 I |

CMS Preliminary

1 I I I I 1 I

September 2019

=== NNLO+NNLL (pp) 600

Z=—= NNLO+NNLL (pp)

900-
800F
700k

[nneorso  [vwkTia
1

Oasuiz: |

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 B
118 +0.001 [‘g(M,)=0.113]

| NNPDFS;.O, Mgy = 172.5|GeV, OLS(MZ) = f|J
1 ] ] ] ] ] ] ] ]

13 Vs[Tev]

(s [TeV]
Factory Cross Luminosity
Section (nb) (cm-2s1)
B (KEKb) Bottom 1.15 (Y(4S)) 2.11x1034
LHC Top 0.82 (incl t-t) 2.01x103%*

C. Avila, UNIANDES

Compact Muon Solenoid

CMS: 835%33pb
Theory: 816 £42 pb

At 13 TeV

Top pair rate is > 10 Hz, enabling us to

address much more precise questions

* Single, double, and triple differential cross
sections

e Rare (FCNC) decays

e CP violation (a beginning)

 Width and more complex methods for
measuring the mass

Top pair production at 13 TeV CM energy is

mainly (80%) produced by gluons, providing

important information on the gluon

distribution at relatively high x;, up to ~0.25
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SINGLE TOP CROSS SECTIONS

13 TeV | t-channel ~220 pb

s-channel~ 10pb \

tW channel ~70 pb

. CMS

Preliminary

—_
—
T

I]IIIIl

I

—_
[

[IIIIII

t-channel total cross section [pb]

q q’ q t a
z psind
W
b t i b b
‘ 1 I | | I

s NLO*NNLL QCD # (5cale ® PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503

41| Not seen at LHC

Tevatron 1.96 TeV (L <9.70") -
arXiv:1503.05027 |

CMS 7 TeV (L=1.17/1.56 fb"] .
JHEP 12 (2012) 035

" CMS8TeV(L=197f")
JHEP 06 (2014) 090

o CMS13TeV(L=23f")
CMS-TOP-16-003, preliminary

—_

2 4

6 8 10 12 14

\s[TeV]

Cowrmcr =, uz7yIZ7 ZuTy

C. Avila, UNIANDES
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h

7

"W —

Single top-quark production

| April 2019

| Inclusive cross sections ‘ _
E e —— 3
i = I — _‘
A da ]
A 2 b —=
= t-channel ’ =
= CDF & D0, PRL 115, 152003 (2015) W-associated .
B . CMS, JHEP 12, 035 (2012) + CMS,PRL110,022003(2013) |
3 = CMS, JHEP 06, 090 (2014) *  CMS, PRL 112, 231802 (2014) ]
- « CMS, arXiv:1812.10514 [hep-ex] «  CMS, JHEP 10, 117 (2018) :
| £ = s-channel ycc Z-associated _
S v CDF&DO0, PRL 112,231803 (2014) =  CMS, JHEP 07, 003 (2017) 3
B | . CMS;JHEPDQ(ZO‘IGJOQT‘ I «  CMS, PRL 122, 132003 (2019) i
| I | | | | | | |
2 3 4 5 6 7 8 9 10 11 12 13 14
{s [TeV]

Compact Muon Solenoid
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Compact Muon Solenoid

V)

;
i

35.9 fb' (13 Te
T =

1600 tt correct [ | mutijet
1400
1200
1000
800
600
400
200

Events /5 GeV

1.5

0.5+

Data/MC
&

‘30‘
mit [GeV]
CMS all-iet (13 TeV)

172.34 £0.20 (stat+JSF)x0.76 (syst) GeV

losAndes TOP QUARK MASS
CMS September 2019 CMS Preliminary May 2019
b hadron lifetime - -
E&E%?g 116;?1%[']:3"1 @ 1724450131047 GeV CMS-PASTOP-12.030 (2013) '@ 173502 150 2291 GeV
. Kinematic endpoints o . +1.70
%g%am"}]‘;_fg?;[{f;f 598 = 1726210381070 GeV EPJC 73 (2013) 2494 17390050 2100
b-jet energy peak 17229 + 117 = 266 GeV
. : opqei— @ 172292117 2266 Ge
IES?{E%?&?&) w1 3500 - 172,25 1+ 0.08 £ 0.62 GeV CMS-PAS-TOP-15-002 (2015)
o Lepton+J/¥ A
Diepton - JHEP 12 2016) 123 s 173,50 £ 3.00 £ 0.90 GeV
T e 1723320247066 ;o Gev
EPJC 79 (2019) 368, 35.9 o LeptonsSecVix 73682020715 Gev
PRD 93 (2016) 092006 b 0.8
Alljets @~  17234:020+070GeV
EPJC 79(2019) 313,359 ' ’ ’ Dilepton Kinematics - +2.63
(20) CMS-PAS-TOP-16-002 (2018) 17010 2.00 GV
Lepton+jets, all-jets 172.26 + 0.07 + 061 GeV i -
. -1 - - - - e Single top enriched 260 = 0,77 *0.97
EPJC 79 (2019) 313, 35.9 b EPIC 77 (2017 354 e 172602077 8 g gy Gev
Single jet, p, > 400 GeV M../MAOS observables +0.80
] X 222 T a k]
TOP-19.005 (2019) 359" "~ " o 56 £ 0414 2 44 GV PAD 96 (2017) 032002 2 frazz =01 Gev
et BEST backgrounds 2
;?(T%ODE ; 1%%11h[';0&1%?n vl CMS-PASTOP-14.011 (2015) & 72810572090 GeV
' ' ! 174.30 £ 0.35 + 0.54 GeV
.. Dilepton M - +124
arXiv-1403 4427 (2014) CMS Run 1 legacy
| | | PRD 93 (2016) 072004 - 172.44 + 0.13 £ 0.47 GeV
I T | I I | I N 1 1 standard measurements
165 1 ?5 180 ] 1 | | ] ] ] | | ] ] | ] ] ] ]
m, [GeV] 160 170 180 190
m, [GeV]
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Alternative methods are not as accurat
now, but will become so and we hope
the one or more will have ultimately
more favorable systematics
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From off-shell ZZ production

H>ZZ>4L, H>20v, (t=e,p),

Breit-Wigner production gg2>H—>7Z:

dO—gg—>H—>ZZ _ g§gH gazz
dm? ( 2 2 )2 2 2
zz m,, —my ) +mgl .
On-peak (105.6<m,,<140.6 GeV) and off-
peak cross sections (m,,> 220 GeV): 1
2 2
Gon—shell _ J‘ d_O' dm ~ gggH Ohzz
Im—my |<nly dm mHFH O_off—shell
2 2 onshell L H
off —shell _ J’ d—G-dm _ Yoo Ghzz 9
2
m-my >>I'y dm (zmz)

* Must include interference between gg>H—->77Z and
gg>Box>7Z

» K-factor of gg=2>ZZ not well known, assume the same as
signal and add a sytematic uncertainty.

* This method is a SM-model-dependent interpretation of

¢ MeHE)Pffl-'s%éW%%l-gshell ratio C. Avila, UNIANDES

Phys. Lett. B 736 (2014) 64

t
g II 7.
t R
£ t 7.

Dominant backgrounds:

VAVAVAVAVAVAVAVAVAVAV

-2AInL

g VAAAVAVAVAVAV
1d q 4 ' q
- VAVAVAVAVAVAVAVAVAVAVS
£ . 0000000 VAAAVAVAVAVAV S
q
CcMS 19.7 fb' (8 TeV) + 5.1 6 (7 TeV)
10— # observed g

= - 4 expected
22w + 4, observed
T 2i2v + 4 . expected
Combined ZZ observed
==+ Combined ZZ expected

I'y,<22 MeV at 95% CL
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RUN | HIGGS WIDTH LIMIT
From off-shell WW production

JHEP 09 (2016) 051

H>WW= evuv

. CMS 19.7 fo! (8 TeV) + 5.1 fo (7 TeV)
. Worst mass resolution thanH—=>ZZ but 1 14 o W
higher BR - —— H- (observed) ~ -e-ee- - (expected)
< 12| — H-ZZ (observed) ~ ------- H — ZZ (expected)

. Same procedure as H%ZZ%ZM, ([:e’“) is Oud 10 —— H— ZZ+WW (observed) =-=---- H — ZZ+WW (expected)
followed. i

8__

[',< 26 MeV at 95% CL i
6;

©
<
&

(]
=]

—— — — — — — — — g ]

w

HEIL*

()ti 4
w

Dominant backgrounds:

T | LI |

| (=)
(o]
(-]

e | | e — — —

W
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g W T, (MeV)
- a Combination of ZZ and WW channels:
W G T,< 13 (26) MeV at 95% CL
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los Andes RUN | HIGGS LIFETIME & WIDTH LIMITS

H>ZZ>4L, (t=e,p), Phys. Rev. D 92, 072010 (2015) T Mt 197 M (0T S 017 TeY)

. . . - - — Observed g

Ty o = 16 X 108 fs, beyond instrumental precision, SERT E

. . . 14l "7 Expected SM -

we can stablish an upper limit. i i

12— =

ifeti i i My, (o o 1of- E

= Lifetime derived from flight At = _(ArT , pT) i i

distance in the CMS detector: P 3 E

61— / ]

AT Al esmoL ]

22:7 SV aka

N AT T P T
. 0 20 40 60 80 100 120 140 160 180 200

= displacement vector between ct, (um)

H production vertex and decay T43<1.9x103 s 95% CL
. C‘M‘Sl S ‘19]7 flb"‘ (sl T?V? +.5"1 flb"l(?"rel\/)
[ ] i - 1 i + = | ___ Observed, f .oCOS(®, ) unconstrained
FH Obtame%ff@rﬂv%ft:rsgsesl IS%E?%%CF}thFOeﬁhnlque < 20__ --- Expected, f,_cos(¢ _) unconstrained —
Anomalous H2>VV cogolmgs. U S s
fAQ _ mH/AQ 15:_ -.-.- Expected, f =0 ;
|a1|? 4 mi; / AG, - ]
2 2 2
A(HW) « |a; — equAQ (QVl + f%;/z) o elme (qV1 + ZVZ) m%€$1€{}2
(Ag) (A1)
(1) ;(2 *(1) 7¢(2

+ aQ yl(/ )f*( ),}W + a3fy1.(l )f*( )’PW .4_4—4‘:74\4 R N R
O0 20 | 40] 60 80 100 120
. r,, (MeV)

COMHER 4 214728 MeV for f) =0 [y < 46 WV With f, unconstrained | At 95% CL.
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RUN | SIGNAL STRENGTH, p=c/o),

EPJ C75(2015) 212

19.71b" (8 TeV) + 5.1 fb' (7 TeV)
Combined CMS M = 125 GeV
p=1.00+014 pSM ~024
Untagged ‘.I_
w=087+0.16
VBF tagged i
w=115+027 —
VH tagged
no083£035|
ttH tagged
w=275+0.99 .
IR R RN R L
0 1 3 4
Best fit o/c,,
197167 (8 TeV) + 5.1 f6' (7 TeV)
Combined CMS m, =125 GeV
n=1.00£0.14
P, =098
H - vy tagged
p=1.12+0.24 T
H— Z7Z tagged .
w=1.00%029
H— WW tagged
1 =083+ 021 =
H — 11 tagged
n=091+028 H—
H — bb tagged
n=0.8410.44
1 1 L L ‘ 1 1 1 L L ‘ 1 1 1 1
COMHEP 4, 02/12/9019 95 ! 2

1.5
Best fit O'/O'SM

Combined

1= 1.00%0.14

H— yy (untagged

)
H— yy (VBF tag)
)

H - yy (VH tag
H— yy (tH tag
H— ZZ (0/1-et
H— ZZ (2-jet

H— WW (0/1-jet
H— WW (VBF tag
H— WW (VH fag
H— WW (ttH fag

H — 1t (VBF tag
H— 1t (VH tag

H— 11 (itH tag
H— bb (VH tag

H — bb (ttH tag

)
)
)
H— 11 (0/1-jet)
)
)
)

)
)
)

)
)
)

19.71b7 (8 TeV) + 5.1 f5' (7 TeV)

CMS

Pay = 084

——

m, =125 GeV

Hl-

1 &

4

-2

0

2 4 6
Best fit O'/O'SM

H

a9

HVB

K

hy

VH

+0.19
H=Oﬁ5am

40,37
F=1jaam

40.38
=0.92

1.08
H 2-90-+o.94

197167 (8 TeV) + 5.116' (7 TeV)

CMS 68% CL
== 05% CL
-
-E+-
e
e ——
||||i||||I|||||||||I|||||||||
0 1 2 3 4 5 6
Parameter value

p=1.00 + 0.09 (stat.) + 0.08 (theory) + 0.07 (syst. )

c.avila, Systipkdncertainty < theory uncertainty
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RUN I SIGNAL STRENGTH, p=c/o),

JHEP 08 (2016) 045

Combined measurement of ATLAS + CMS

Merobuction K pecay
an -o ATLAS+CMS an . = o . o R N B SN S (W R N SN e SRS
LHE Py S ~ ATLAS st e % [ ATLAS and CMS CIH-
n e i - CMiS ,_1”>D 3[LHC Run 1 [(QHozz ]
28 —'P-— —+20 B : — 1o -
ggF N T ——— )0
Hygr Bl — ]
L uzz ————
s ——
e __"_._ - 5
L v ————
Hon __.-.-— | _+_
B T ——O—— i
w (=== " =
. = N — _
YR R N S Y MY Spggggle ey gl 0 1 T
Parameter value Parameter value H;gF tH
* M, assumed to be 125.09 (ATLAS+CMS combination)
 Assume a single SM Higgs state
* Uncertainty is dominated by theoretical uncertainty in 6,
_ +0.11 _ +0.07 +0.04 +0.03 +0.07 .
comer 1, o= 1.09757 10 = L0957 (stat), g ioad€XPO) 03 (thbgd)_o_oﬁ (thsig) 55



http://link.springer.com/article/10.1007/JHEP08(2016)045

05 Andes RUN | COUPLING TESTS £p) C 75 (2015) 212

19.71b' (8 TeV) + 5.1 fb' (7 TeV) N e ...1.?'? flb: (|8| 'Il'ﬁ‘:ulf) + .5'.1 ITFJ_II1IIS?; Te\:.f)
CMS % 68% CL - - CMS ]
== 95% CL = i t
+0.14 : N 1E e
Ky = 0.957 .2 ———— ~s - E
: 2 B .
Kz = 1051072 ——— s - |=—68% CL i
H -1 - =
K = 0.81°01¢ e 10 | —95%CL
:  |---SM Higgs ]
K, = 0.74'0:3° - A i
K. = 0.84*01°  —l— F 7
3 < 187 e 103 - (M.e) fit | |
o 05 1 15 2 25 =689 CL | -
Parameter value — o5 cL | ]
-1 1
w 0.3———— — 19|7Tb|(8|TIEV;)T §1|1t7 (I7Tey) 10‘4 v vl Ll ol L=
i ] 0.1 1 10 100
- CMS ) )
o.of 1 Particle mass (GeV)
[ - o | £ m
0.1 ; // —~ T ] mf — \V/
i 4 H“‘H\ K. =V KV v 1+2¢
N o "
0.0k N
LN \
[ S ) )
. .-_..-":"'-—-...__ _______ - ; 2 mv }\I . mf
_0'1__ = Observed ] gv — KV £ = Kf —_—
| —68% CL ] V V
_0.0f |"7"95%CL N
“F |--99.7% CL
0 SM Higgs | v =246.2 GeV
_0 3 I Lo Ly TR R
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los Andes RUN | HIGGS COUPLINGS

Combined measurement of ATLAS + CMS JHEP 08 (2016) 045

* Two relevant frameworks
1) |kV| <1 (same sign for kZ and kW ) + BBSM>0
2) BBSM =0

w 16 ' J T t ¥ ! T ! ) i T ! L y T T T
< TLATLASand CMS .. | e 1 ATLAS and cms
' LHC Run 1 . ¥ | LHC Run1
1.4 . Z i
ATLAS and CMS -1l : ] 5 .
LHC Run 1 +ATLAS4CMS — +ATLAS +CMS —12 | [C]ATiasscms |Lf 107 E
1.2+ A o s
K p - ' i
e — 3. —— .£ 1L ] 102F E
K — :.." i _‘.'.."_ [ : } ATLAS+CMS
L - - L =1 0.8 3 P SM Higgs boson |
g L L ? — [M. ] ft :
t —= —== osl ] [ 68% CL
i ; i ! 95% CL
K| R - ' ' 1 107 o 4
= —— F —— 68% CL v 95% CL 4 Bestfit * SM expected e
i : i : B4 —— ey 107 1 10 107
! ! ' ‘ K. Particle mass [GeV]
k| — —— v
b_ 1 | 1 < Y T T T T T
| I ' ; = . ATI&AS and CMS  [x,. ky, K, Ke Ky, Kg Ky, By ]
Ik -+ ] o 8 LHC Run 1
L i,_ —?—'“f* s 3
L | - 1 — Observed bl
! ! [ oo SM expected = . .
k| X x ° g Upper limit at 95% CL
< ! ; 5 E .
L k<t L B ; On BBSM:
B BBSMEG — BSM 4
B | — <
Illl\\Illll\'\lllmllll‘lllll\\I\lllll \I|IIII|\III|II\I|IIII|\\II|III1|IIII|\III & 3 BBSM 0.34
45 4 05 0 05 f 15 2 -5 - 05 0 05 1 15 2 2 ]
Parameter value 1 E
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HIGGS COUPLINGS

EPJ C75(2015) 212

All signals observed are assumed to come from a single state (JP¢=0**) with mass of ~125 GeV.

o,

Zero width approximation is used: oxBR(x—>H —yy)=
tot

Scaling factors « are defined to test deviations from SM: «?=-2L ; &’ =—&

2 2
KpcKpc
2
Ky

o-BR(PC »H - DC)=o0o,(PC - H)BR(H — DC)-

) I )
PC=Production Channel; DC=Decay Channel; «{=—=2-; M =SM value of total width

DIFFERENT STUDIES:

» Test of Custodial Symmetry: A,,,=x,,/x,
» Scaling of vector boson and fermion couplings: K,= Ky, =K, ; K=K, =K, =K,
» Assimetries in Fermion couplings: A y,=K,/k, ; K, =K, =K, ; K= K,= K =K =K, 5 A=K/,
» Scaling of couplings with SM masses: ogygH, ['gg, ['yy are functions of x, , K, , K, K, , K., K,
m'? st
» M,eModel: x, =v———; x =v—Y
f M l+e \Y M 1+2¢
COMHEP 4, 02/12/2019 C. Avila, UNIANDES
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los Andes SPIN-PARITY

Phys. Rev. D 89 092207 (2014) Phys. Rev. D 92, 012004 (2015)

= Non-zero Spin = correlation of kinematic distributions of production and decay.

" H->WW, ZZ, yy useful to study spin-parity of the Higgs.

H>2Z2->4(:

e 44 system is fully reconstructed (8 observables)
* Use MELA approach.

H2>WW=>{4 &v:

* 2 observables sensitive to X(J?): m,, M

M2 = 2! EM(1—cos Agle, EP )

H>yy:
e J=1forbidden (Landau-Yang Theorem)
* cosB* is the only sensitive variable of J® at leading order

COMHEP 4, 02/12/2019 C. Avila, UNIANDES 59
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los Andes RUN | SPIN-PARITY

Vs=7TeV,L=5.1fb" ys=8TeV, L= 19.7 f5" PhVS Rev. D 89 092207 (2014)

£ T T e ] Phys. Rev. D 92, 012004 (2015)
g O0.1— |0 —
3 . — ata :
S oosl - L(data‘\] P+ bkg)
8 I . g=-2In
3 ; : L(data]H +bkg)
X 0.06 -
o4t 5 B * JP=07, 1%, 1  excluded at 99.9% CL
0.02|- N * Ten JP=2 models excluded at 99% CL
- » - I B, * Data are compatible with 0* within ~ 1o
%0 =20 -10 o0 10 20 30
2 xIn(C._/LC..)
— 120 —== C X —» ZZ + WW 19.7 fb (8 TeV) + 5.1 fb™ (7 TeV)
€ . e Observed ---Expected : | i i i i i i i i i
— 100fF mmo t1o [ N S
~ aof 0" + 20 e 20 S R
- [ 0" +30 S +30
E 60 -_ - N . . . H é E é h
x W ]
¥ Ei=13 B
rl.ilr BEEEST IL ‘
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