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Jet 1,
pt=3.61 TeV
eta = 0.32

phi =0.64

Jet 2,
pt = 3.38 TeV
eta =-0.56
phi = -2.49

 Searches for New
Physics
 Searches for Exotic

Particles in the
Detector

Bird-eyes view o * Summary/Outlook



LHC experiments are back in business at
a new record energy 13 TeV

3”?I June 2015 Run-2 starts

CMS Integrated Luminosity, pp, 2018, Vs = 13 TeV

Data included from 2018-04-17 10:54 to 2018-10-26 08:22 UTC
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The CMS Detector

Total weight

CMS
ECAL 76k scintillating

Overall diameter 15 m

Overall length

Pixel

Tracker
ECAL

HCAL

Muons
Solenoid coil
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PbWO, crystals

28.7m . MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?
~137k ch
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Steel + quartz
Fibers 2~k ch

N -

/

Pixels & Tracker & !
+ Pixels (100x150 um?)
~1 m2 ~66M ch
+Si Strips (80-180 um)
~200 m2 ~9.6M ch
MUON BARREL

250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC) 16




Long Shutdown 2
till start of 2021

Scenic pictures fro
| the present shut-

d down and opening
of the experiment




Next Spring: 10 years of LHC Ope

| LHC switched on at 7 TeV in March o Ny
N 2010

RN

The discovery of a Higgs boson March 30 2010 ...waiting..

Many results on Standard Model ...since 4:00 am
process measurements, top-
physics, b-physics, heavy ion
physics, searches, Higgs physics
* Waiting for the next discovery...

-> Searching beyond
the Standard Model

B 12:58 7 TeV collisions!!!

\\\\\\\\\\



CMS Detector St

Pile- up durlng run-2

Fractions of activg channels high and stable since many years CMS Avsrage Plleup (pp r-13 Tev)
Detector Active Fraction 6000
v 2017 pp data taking (Sep) - Run "= ‘:ﬂ.) =34
Tracker 4 i 2008 o dotstaking ) W 2018: <> =37 |
trip H L |
- B . : ] 2017: <ji> = 38
ECAL . : : ] [ 2016: <p> = 27
e . s B 2015: <> = 13 {4000
ES 4 b ]
HCAL < v ! ; 3000 3000
HB - )
(13 Tel) =
- i oo o (3 TeV)=800mb |, o
HO t .
Muon o7 : : 1000 {1000
System e :
csc H e
GEM slice test 9:5 9;9 % 10 &o 60 $°' R oo 0
90 91 92 93 94 96 97 98 100
— Mean number of interactions per crossing

Run 2 pp data taking efficiency 923%
with 2018 data taking efficiency 94%

CMS experiment is very good pe
We can successfully deal piIe-up ~ 40 events per bx



LHC Publications in

i ~ 900 publications on
Total Exotica Standard Model Supersymmetry Higgs Top Heavy lons p p ( a n d p P b / P b P b )
B and Quarkonia Forward and Soft QCD Beyond 2 Generations Detector Performance p h yS i C S S i n C e 1/2 O 1 O

907 collider data papers submitted as of 2019-08-25

About 100 papers on
Higgs studies!!
Paper 16 was the
discovery paper!

T ST

Events /1.5 GeV

Weighted

110 120 130 140 150
m,, (GeV)

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

3 ATLAS 201142 Vs=78TeV
o : NAVAAVA

S

~9500 citations ===,

About 120 more since September last year




| J‘/s//

it

(I
T

“““\““HHH“
i

dard Model Measure



Standard Model Measure_

July 2019 CMS Preliminary

-8_ = @ 7 TeV CMS measurement (L < 5.0 fb)
- 105 =8 @ 8 TeV CMS measurement (L< 19.6 fb™)
(o) | 0 13 TeV CMS measurement (L <137 fb™)
b jaESE) . — Theory prediction o
C"‘ 104 = L joke) Z Z Z CMS 95%CL limits at 7. 8 and 13 TeV
k< B nE Also many QCD, top
S 10° ISRARRR . diffraction, heavy flavor
n B e | o d and heavy ion results!
g)) 10 ? 8 _mmm . ?let‘{ns& . - : .
O - ” - 2
o o -
O 10 T o % 3k i 2
c ; ks i 8 sl 1
S 1 . & 1 iﬂ_@n’ : _‘?— & St
= | e .
8107 | | | 3 - % * Elmnt
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) . _ o L e
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10-3 _ ? . . | E
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1 0 | | | I | I | | I | I I | ew ! | | | | I I 1 I | I I | I I I BF | I I | I I
EW'EW '~ 'ew 'Ew 'EW EW 'EW
W' Z Wy Zy WWWZ ZZ BN B o coWW oy cowzeagz WWWWYY Zy Wyt Wttty 129 7ty Wt gquqH VH WH ZH ttH tH HH
EW.Zy,Wyy. fiducial with Wiy, Z-l, l=e,u Th. Ac,, in exp. Ac

All results at: http:/cern.ch/go/pNj7




Standard Model Measu

CMS Preliminary

July 2019 CMS Preliminary March 2019 :

CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) b——0——i CMS measurements 7 TeV CMS measurement (stat,stat+sys) o+
Theory 8 TeV CMS measurement (stat,stat+sys) cln vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys) — ++—e—+

13 TeV CMS measurement (stat,stat+sys) ety 13 TeV CMS measurement (stat,stat+sys) ++e——

qqW ol 084 +008=018 193 fb" Y ——to—— 1.06 £+0.0120.12 5.0fb"

QW - 0912002009 359 fb Wy, (NLO th) ——o+—— 1.16+0.0320.13 5.0 fb::
qaZ 093+0.14 032 50fb" iy, (NLO th.) o 098 £0.01+0.05 5.0fb i
44Z 0.84 + 007 =019 197 fo" Y, (NLO th.) —o—i 0.98 +0.01+0.05 19.5 fg

4 WW+WZ ' ' 1.01£0.13+0.14 491

qq4 . e U s WW i —o—— 1.07 £0.04 = 0.09 4.9 fb"
= e e/ 000 0 76 191D WW — 1.00 £0.02 +0.08 19.4 fb"

qqWy + 1.77 £ 0.67 +0.56 19.7 fb WW i 0.96 +0.05+0.08 23fb"

ss WW +— 0.69 +0.380.18 19.4fb" WZ - 1.05+0.07 +0.06 4.9 fb"
ss WW Foe s 0.90 +0.16 £ 0.08 35.9fb™ W2Z ] 1.02 +0.04 +0.07 19.6fb™
qaZy 1.48 +0.65+0.48 19.7 fb” wz e 0.96 +0.02 +0.05 35.9fb"

qqZy " 0.64 £0.20 +0.12 359" ZZ H——of—+ 0.97 +0.13+0.07 4.9fb
qqwz 0.82 = 0.47 35.9 fb™ 7z ———— 0.97 £0.06 +0.08 19.6fb"
qqZZ ' — 1.38+0.64+0.38 359fb" Y4 e 1.06 £ 0.02 +0.04 137 b

1 1.5 2
Production Cross Section Ratio: 04, / 0y,

0 2 3 2 5 0.5
All results at: i i in: All results at:
http://cern.ch/go/pNj7 Production Cross Section Ratio: o, / Oy, http://cern.ch/go/pNj7




Top Cross Secti

CMS Preliminary o, summary, /s =13 TeV May 2019

NNLO+NNLL PRL 110 (2013) 252004

) l TI tl : II) :1 1 gls T Iv (|_I als fbI b) e e | Mg = 1725 GAY, 0,(M,) = 0.118:0.001 total stat
o [E Sy Cvaton comoing A e it i scale uncertainty
== | S CMa e s 0oiau (Lo Stann) CMS Preliminary Weienld sl [ scale ® PDF & a uncertainty O, T (stat) + (syst) + (lumi)
c = CMS eyﬂTeV&, 5fb s
o O CMS l+jets 7 TeV (L=2. fb Dilepton e :
O v CMS all-jets 7 TeV (L = 3. 54 fb hy pton ep Ve 746 + 58+ 53+ 36 pb
S 1 03 L 0 CMSeus8TeV &, =19.7 fb 1) PRL 116 (2016) 052002, L =43 pb™! 50 ns
@ — Ao CMSl+jets8TeV (L=19.6 b )

— ¢ CMSall- Jets 8 TeV (L = 18.
e ~ A CMSen13TeV(L=43pb Bohns) Dilenton
b [ & CMSen13TeV (L~ 22fb§ EF'JeCp7(7) 23‘1% 172, L =227 25 3 glo 93d0519p0
%) ™ x CMSdiepton 13 TeV (L=35.91b") @172, L =227, 25ns
o — % CMS l+jets” 13 TeV (L =42 pb", 50 ns)
B o CMS l+jets 13 TeV (L=231b")’

— % CMS all-jets* 13 TeV (L=2.53fb") = Dilepton [ 803+ 2+25+20pb
= * Preliminary g EPJC 79 (2019) 368, L =35.9 b, 25 ns
o 2 =
= 10 = - e
) = = L+jets ) |——+é+—— 836+ 27 +84+100pb
- | : : CMS-PAS TOP-15-005, Lim =42pb”, 50 ns
(&) - =l
£ B i

) L+jets |41 888+ 2+26+20pb
Z——— NNLO+NNLL (pp)

kil | JHEP 09 (2017) 051, L =2.2 ib”, 25 ns
——— NNLO+NNLL (pp) L L
10— Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[Tev] — All-jets * p —+fé+—— 834+25+118+23pb
= NNPDF3.0, m,_ = 172.5 GeV, ay(M,) = 0.118 = 0.001 ["a,(M,)=0.113] J CMSPAS TOP-1E018, L =263

[ e e S e DR i e (R S e NNPDF3.0 JHEP 04 (2015) 040

6 8 10 12 14 | I MMHT14 EPJC 75 (2015) 5
E [TeV] Freliminary i  CT14 PRD 93 (2016) 033006

| | ABM12 PRD 89 (2015) 054028
: [(m ) = 0.113]

lllllllll|III|1|I|IIJ|III|
200 400 600 800 1000 1200 1400

o, [pb]

detailed top studies ongoing

leasurements in good agreement with the Standard Model predictions!




Top Poductic

Top+X production in a nutshell

Becoming accessible with Run2 data
March209 " CMS Prellmlnarv

@ 7 TeV CMS measurement (L = 5.0 fb)

# 8 TeV CMS measurement (L < 19.6 fb’)

& 13 TeV CMS measurement (L < 137 fb)

- Theory prediction

% % £ CMS 95%CL limits at 7, 8 and 13 TeV
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Access to measurements of rare processes




Running of the Tog

TOP-19-007

CMS
: . g °F
The running mass m, of the top quark mass is extracted from the = a0l __é
differential tt cross section as a function of the invariant mass of Y mr ¥
the tt system cTE —
— 200~
in the modified minimal subtraction (MS) renormalization scheme £ peshg
150 —
d &
2% =~ —V(as(ll)) m(p-) 100~
tt candidate events with the e*u* final state 0E -
200 400 600 BOO
The differential cross section is measured using a maximum
likelihood fit - CMS
"1.05—
x? fit to next-to-leading-order differential theory predictions ?‘ -
g L
The observed running is compatible with scale dependence € T
predicted by the renormalization group equation. ol
Agreement with RGE prediction at one-loop precision: 1.3 s.d.
2.6 s.d. from a no-running hypothesis DABE_
. . . 0,85_—
Similar method as for running mass of charm C

\ 7 =

indication of the runnin of the to mass

preliminary

35917 (13 TeV)

+ data unfolded to parton level

NLO predictions in MS scheme
M, = K, =M(m)
ABMP16_5_nlo PDF set

—— mym) =162 GeV

—— mym) = 164 GeV
S m,(m:) =166 GeV

e Lo 1 TN IR S
1000 1200 1400 1600 1800 2000

Mg [GeV]

359" (13 Tev)

) NLO extraction from differential Uﬁ
o Reference value (u=p )
RGE evolution at one 168p (5 flavours)

ABMP16_5_nlo PDF set
K, =476.2GeV

PRI N T T U T T S T W N T T T Y A A W AN N N
400 500 600 700 800 900 1000

i [GeV]




Top p; Spectr

1.5 crmrmrr 2223 1b" (13 TeV)

REATF ALY AEELF ALY RIELS EAEDT EF
CMS

1.4 Preliminary Parton level
1.3 * dilepton (CMS-PAS-TOP-16-011)

A long standing
discrepancy between
Data and MC:

-> Data is softer
than the predictions

Y lepton + jets (arXiv:1610.04191, sub. to PRD)

W 3
il
1 al g T :§||!=“ i

Data/NNLO

i Even NNLO seems
0.9 r not entirely able to
0.8 T o fix thls

IIIIIIIII[IIIIIIIIIIIIIIIII

0.7

) 0.0416 - 0.0003 x p
0.6 ratio=e !

0.5 s da s g e g g o g g by
O 100 200 300 400 500 600 _700

Top P [GeV
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INnclusive cross-section [pb]
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Single Top Produ

-

~ Single top-quark production
| November 2018

~ ATLAS+CMS Preliminary
L LHCtopWG

t-channel

tw

s-channel

ATLAS t-channel
PROSO (2014) 112008, EPJC T7(2017)531,
JHEPOA (2017)086

CMS t-channel

JHEP12 (2012005, JHEP 06 2014) 090,
PLB TR0 7752

ATLAS tW
PLB T16(2012) 142, JHEPO! (20161084,
HEPO (20181083

CMS tW
PAL110(2013)022003, PRL 112(2014) 231802,
HEPWO201NT

LHC combination, tW

ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

ATLAS s-channel
ATLAS-CONF-2011-118 95% CL.
PLB T56(2016)228

CMS s-channel

JHEP(S [2016)027 5% CL

¥ TeB TeV combined it 95% CL

- NNLO pis mssorg s

scale uncertainty

NLO + NNLL prosszorjossea,
PROA2 (2010)054018, PR 81 (2010) 054028
. f contribution removed

scale @ POF @ q, uncertainty

NLO wepsaoscanm00, crcranpors 7
L ". M

CT10rio, MSTW2008r, NNPDF2 ks

-, veto for f removal=60GEV and y =E5GaV

scale uncertainty
scale © PDF @ o, uncertainty

M= 17256

——
R0 oS
L

13

s [TeV]

1 Run1 legacy ATLAS+CMS cross sections

and Vi, combinations  JHEP 05 (2019) 088

- Probing the Witb vertex: best direct Vi,
determination to date! we

Vwﬁsf

t

ameaﬂ. ¢
|fvVas| =

Otheo. (Vi = 1)

(assume |Vig| , [Vig] << [Vip])  In SM: fiy =1

| fivVin| = 1.02 + 0.04 (meas.) + 0.02 (theo.)
(3.7%)

Wt associated production




Top Mass Determina

CMS

May 2019

Dilepton

JHEP 07 (2011) 049, 36 pb’’

Dilepton
EPJC 72 (2012) 2202, 5.0 fb™'

All-jets
EPJC 74 (2014) 2758, 3.5 fb™!

Lepton+jets
JHEP 12 (2012) 105, 5.0 fb'

Dilepton
PRD 93 (2016) 072004, 19.7 fb”'

All-jets
PRD 93 (2016) 072004, 18.2 fb'

Lepton+jets
PRD 93 (2016) 072004, 19.7 fb™

CMS Run 1 legacy
PRD 93 (2016) 072004

Dilepton
EPJC 79 (2019) 368, 35.9 fb”'

Lepton+jets
EPJC 78 (2018) 891, 35.9 fb”'

All-jets
EPJC 79 (2019) 313,35.9 1b™

Lepton+jets, all-jets
EPJC 79 (2019) 313, 35.9 fb™'

Tevatron combination
arXiv:1608.01881 (2016)

World combination

ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

IIlllIIIIlIIII|IIII|JI

—e@— 172,50 £ 0.43 + 1.43 GeV

e

r—eafe—173.49 + 0.43 £ 0.98 GeV

—@— 172.82+0.19+ 1.22 GeV

SO O SO O S

~—@— 173.34 £0.27 £ 0.71 GeV

sl

@
175.50 + 4.60 + 4.60 GeV

173.49 + 0.69 + 1.21 GeV

172.32 + 0.25 + 0.59 GeV
172.35 +0.16 + 0.48 GeV
172.44 + 0,13 £ 0.47 GeV
172.33 +0.24 Y086, Gev
172.25 + 0.08 + 0,62 GeV
172.34 + 0.20 £ 0.70 GeV

172.26 + 0.07 = 0.61 GeV

174.30 £ 0.35 + 0.54 GeV

165 170

175 180
m, [GeV]

Steady improvements over the
last years in Run-1

Precision now better than 0.3%

Hadronization model uncertainties
one of the main limitations

Several alternative methods have
been and are being explored
using J/v, secondary vertices,...
This is not the final word yet

Experiment combination under wa

Note: the average value at LHC
somewhat lower than Tevatron
one: 174.30 + 0.64 GeV

18



Measurements of By = M

arXi\./:1411..4413 ™ Three B, particles in a billion will decay into two
in Nature  muons. This decay has been chased for 30 years!!

CMS and LHCb (LHC run 1) ® Results:
el ]

—4— Data -
—— Signal and background s y i _ 40T -
:!Bg—'u:u: 3 E[ 'l‘r. =+ :I - {QH -|':u1} x 10
Dg::u jal background j."" f - q 148 =1
- + = Combinatorial background 3 E[f = i ] - {,!._' .*] w 10

- -~ Semi-leptonic background =

— — Peaking background ]

o @
o

=}
e 5

® Observed (Expected) significance
+ Bs: 6.20 (7.40)
+ B% 3.20 [WT], 3.0 [FC]o (0.80)

Weighted candidates per 40 MeV/c?
S
T

o
TTTT

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

arxXiv:1703.05747

Present most precise results & ssf "~ T L Total =
- R = > - 4-4 fb 0 - .
Significance for B, to muon 2 ;¢ LHCb —- B - E
: : BDT >0.5 - B = -

decay IS 780 % 25+ A e Combinatorial _:
. o 7 S T - B!, —h*h" -
B(BY = ptp~) = (3.0+£06703) x 10°9) g 20F o B KOy,
. o S g 15 = -iomas B* — n0(+)u+ w _E

B(B? = ptp)sm = (3.66 £0.23) x 107° 5 WE cimim AL o UV, :
NN B,

NN\ 5 e

0 Pz =10 - ]
B(B° = ptp~) <34 x 1077 at 9% oF r.#_;_—.‘:

5600 5800 6000
my,,- [MeV/c?]



Measurements of

CMS Preliminary 361" (13 TeV) + 20 fb™ (8 TeV) + 5™ (7 TeV)

¢ data full PDF
Bl-spw By
combinatorial bkg semileptonic bkg
i B— ' bkg ——— peaking bkg

The decay B, - u*u is observed with a
branching fraction of

B(B,° = prp) = [2. 9107 (exp) £ 0.2(F; /f, )] x 10
Significance Bl - u*u~: 5.6 (6.5) s.d. obs (exp)

Entries / 0.04 GeV

No significant excess is observed for the decay

g e 545 56 57 58 59 B - utu,

muu [GeV]
Upper limit B(B® < u*u’) < 3.6 x 107 %at 95%
confidence level

CMS
i Previous CMS result: B(B® - u*u7) < 1.1 x 107
Phys. Rev. Lett. 111, 101804

These results are consistent with standard model
predictions

BF(B—uw)



Measurements of B,y = pM

CMS

B. -MM candidate

21






Brief Higgs Summary:

Ne knowalready a lot on this brand New Higgs partlcle

“;;7 IIIIIIII R RS CcMS 19.?lb"[ETeV;+5.1fli'|?Te\il i | . : 4_ +
£ ATLAS and CMS — Hopy ] <% | ATLAS and CMS | S SR g T
L. E8 o iSRG 18 f B
ﬁl 55_ stat‘o;lyuncert. : it ] g E
| _;‘/ / e | § )
3— ',': VE 0? 2 0.06- &
2_ _1i 0.04f- .
1 ; [Dcombined [JH->vy 0'02:_ 4
FlerRaizi LA L] -2_—EIH~zz [Or-ww i
0124 1245 125 1955 126 0 10 20 30 40 50 60 fD”*g D”*;.‘; - ! % 20 -0 o0 10 2 30
'y (MeV) i : K, 108(L(JP 0+)/.£(JP : 07))
Mass = Width Couplings are Spln =
CMS+ATLAS < 24 MeV within ~10-20% | 0+*) preferred
125.09 +£0.21(stat) (95%CL) of the SM values over 0-,1,2
+0.11(syst) k 7
GeV anomalies, i.e. unexpected decay modes or couplir

Iti-Higgs production, heavier Higgses, charged Higgses...



nggs @ 13 TeV in Ru

. nggs partlcle s still there I *

CMS Profiminary 77.4 1" (13 TeV)
: 3 >350001|'-|"l"-~.v-v-w-“'l"""""”"”"—‘
o i ?Ms Preliminary 2016 + 2017 + 2018 8 F =YY All categories 3
s : = oo S/(S+B) weighted =
O 220 g :
$ : 2 ¢+ Data p
s 0 | 5 25000 —— S+Bfit E
3 B el 00 e PR 00000 == B component ]
%180? ¥ 20000 [ ESE ]
= 3 ';-;15000 20 E
40} Emooo =
120~ 3 g E
Ho2z @ = A=Y g = -
100 5 d
s o
80
: s 1000F
60f S
oF 8 500
20 % 0
ke 4 kel
o 3 -500 . \ s - : 3 7
80 100 120 140 160 i 100 110 120 130 140 150 160 170 180

m,, (GeV) m,, (GeV)

* The mna aeviauons seen in Run-1 seem to be gone —+
* Observation of H—bb in the associated production channel
* Direct observation of ttH production

* No deviations from Standard Model Higgs expectations
yet!!

The Higgs Boson is still very
much Standard Model-like! [* =

+0.10
17 —0.10




Higgs Mass

m High resolution channels H—=yy and H—=ZZ*—4/
o excellent detector performance in lepton/photon energy scale determination

0 single experiments are better than ATLAS + CMS Run | combination

O stlll dommated by statistical uncertainties

35.9 fb' (13 TeV)

mn = 125.26 % 0.21 GeV Only using the ZZ gh'c.mnel and
[+0.20 (stat) +0.08 (syst.)]| Ya of the run-2 statistics

mpy = 125.26 £ 0.21 GeV

M,, is known to a precision

0 L

f20 121 122 123 124 125 126 127 i
o, (Gev) of better than 2 per mille

H-ZZ*—4¢




Higgs Width

Techmque on sheII to off-shell cross section arxiv:1901.00174

2
n-shell gggHg%lZZ
51fb (7TeV)+197fb (8TeV)+?75fb (13TeV) & SH=Z7 ——
— T a | &8 mul'y
i CMS 82 82
| —— Observed offshell ~_ ©ggHOHZZ
-- Expected BErehl el (2mz)?

; 0__ — Observed, 201642017
--- Expected, 2016+2017

Parameter Observed Expected
I'y MeV) 3.2725[0.08,9.16] 4.1739[0.0,13.7]

-2 AlnL

SM Higgs
width =4 MeV

We start to get

T
\TN\ a lower bound

on the Higgs

I' <9.16 MeV (13.7 exp.) @ 95% C.L. width!
Run1 + Run2, H = ZZ* — 4¢ J




ttH ction: Combination of all Higgs

channels

and camhinatinn with tha 7/ Ta\/ data nf Ryn-1

5.1 b (7 TeV) 19.7 fb” (8 TeV) 35.91b" (13 TeV)
: SEo e arXiv:1804.02610 A
CMS = 110 (stat @ syst) ‘

mmm +10 (syst)

— 120 (stat @ syst)

fEH(WW*) ——-_—
fiH(ZZ) -
ttH(yy) -'——-——

ttH (’C+‘C') ———:__

ttH(bb) —-0—-—
7+8 TeV —-—-—
13 TeV I —-'—
Combined +
T 7+8+13 TeV data
M = 1.26 +0 26
Observatlon of ttH! Significance = 5.96 (exp 4.2¢

Results in agreement with the Standard
Mnodal




Higgs to bb Deca

channels

and combination with the 7/8 TeV data of ar:)l(;\:1508.08242

77.2 0" (13 TeV) <51 (7 TeV)+< 198" (B TeV)+< 772" (13 TeV
w
(o]
= L D s  Observed
£ CMS e ( CMS — 410 (slal @ syst)
@ L 5% S8+B uncertainty H-sbb
° Supplementary @ v+ Hobb w— 1 (5y81)
5 1000|- Bl VZ.Z-5bb : stal  syst
'g _ £33 S+B uncertainty oF 280+ 2.08 £+ 1.30
?l:g“ Excess compatible §
- e
2] with the sum of the vor : 25320802197
& two peaks Q
i HH | — 0.85 + 0,23 + 037
500 :
———
WH — 124 £02040.24
H| - 0.88 +0.24 £ 0,16
Combined -- 1.04 +0.14 + 0,14
I s s om o o o o® & owm | i i i i i i i
60 80 100 120 140 160 0 1 2 3 4 5 8 7 8 9

m(jj) [GeV] Best fit p

H->bb observed wth 5.6 (5.6) c observed (exected) significance
u=10440.20
Combined best fit



Di-Muon Analys

No signal et the sensitivity to H->uu is getting within reach
with fuII run 2/run 3 data

5.0 fb (7 TeV) + 19.8fb" (8 TeV) + 35.9 fb' (13 TeV) x10° 359 b (13TeV)

7
cmMS -=— Observed CmMS All categories
6 > 10F Hop $/(S+B) weighted
=% Expected (background, 68% C.L., 95% C.L.) 3 i=0.7 for m =125 GeV ¢ Data
7 --- Expected (SMm_ =125 GeV) 9 | S+Bfit
-g 5 -~ i Bcomponent + 1o (20)
5 ‘g | SMx10
S 4 :
£ ke
5 ?
il -
o i}
2 2
S ]
2
%)

120 121 122 123 124 125 126 127 128 129 130
m,, [GeV]

Observed (expected) upper Iiit is 2.9 (.) times the SM expectation



Searching for Higgs -

First CMS result on VH, H=>cc HIG 18 031

Challenging due to low cross section and need for c-tagging !
Categorization is done according to lepton multiplicity of V decays % “\-— -
Analysis used both resolved (2 c jets) and merged (1 cc jet) cases . + £,
Use of ML and jet substructure for tagging and classification % -~

final results from the combination of resolved & merged jet analyses |I:

CMS Freiimina 359 (13TeV)  Combined results for the signal strength:

: ; oL
g el e Tl B TR £ Obs (exp) Upper Limit: 70 (37) @ 95% C.L.
— [CMS ] s
S 1p ‘ VH,H = 4112
:;'? ? 1L lu( ) bt CE) T ‘41_20
r [ | 68% CL Exp.=72xSM
© qo'k|_ —_— - Obs.=110xSM Validate method using VZ production:
= Bl s Higgs #(VZ,Z - cc) = 0.55+33%
02} 2L

3 Exp.=57xSM
E Obs.=93xSM

- M, e) fit
103 (M, E ot —e— Observed
=68% CL E gggt;r:\sa’ilon ----- Median expected
—95% CL ] Obs.=70xSM [ 68% expected

| : [ 95% expected
0.1 1 10 100 50 100 150 200
Particle mass (GeV) 95% CL upper limit on u(VH,H—>cc)

Still far from SM expectation, but no strong anomalous coupling so far



Brlef Higgs Summary

Comblnatlon of all Higgs production/decay channels
at 13 TeV

359fb (13 Tev) CMS F"‘?"f"{’f’,’ﬁfy 358 flla"‘(jSTeV) .

. T S A
“ CMS ' £ : :
51 region > E ]
- - M L ]
“ L s 2 region |> 1
o+ Bestit 1 ‘6 107" 3 E
Y SM expected 1 Eu'|> F 1
1.5 - 7] 1072k ‘
i .. @4 1 SM Higgs boson
[ - - —— [M, g] fit
1 _ |:| + 1o
I [ Jz20 ]
i | i %5 pepril N

T T T

i [ [(H—bp [JH-m ] -

Tl -z [OH-wy |
- [JH—ww [Jcombined T
| L L L L | L L L L | L L s s
0.5 1 15 2 10 10°

Ky Particle mass [GeV]

arXiv:1809.10733

Results in agreement with = |
the Standard Model



49107 (7TeV) +19.7 17 (8 TeV) + 38.2 b (13 TeV)

s I |
" © cms
0.9F
E Observed
0.8
I --©- Median expected
0.7p [ 68% expected
0.6 95% expected

95% CL upper limit on 6 x B(H — inv)/c

L

I

1

H,A Higgs search
in MSSM SUSY
scenario

0
Combined 7+8+13 TeV  Combined 13 TeV

searches

Invisible Higgs

BR (H-> invisible)
is less than 20%

Combined 748 TeV

o CMS Preliminary 35.9 b (13 TeV)
50 \ 2 M;> scepfrio
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30 ///’,‘?’
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N
l:l Observed exclusion 95% CL | |
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Z i \
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y JHEP 1809 (2018) 007 W
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Charged Higgs search




The Future: Studying the Higgs

mj EEIISIL_JIE
S /] ="
= ‘ -I * More LHC Data 2021-202.

_-_.,6\ ~ | HC upgrade ! 2026-203

= Experiment upgrades!!

* Other/new machines?
-> see |later

Higgs as a portal

® having discovered the Higgs?

M d ny q u e5t| ons are St| I I e Higgs boson may connect the Standard

unanswered Model to other “sectors
[JWhat explain a Higgs mass ~ 125
GeV?

[JWhat explains the particle mass

pattern?
MNMConnaction wirh Darlr Martar?

SU(3)exSUQ2)xU(1)y

quarks
leptons




Physws Beyond the Standard Mode

Impcartant SM parameter — stability of EW vacuum A Higgs at 125 GeV
& ) g 12““'““. Precise measurements of
ea the top quark and the

9 arxiv:1403.6535 199S M 2e<

178 |

176 F

>

3 < We also know that:
= .. et . Universe content

g@ - o | . .

& I visible matter 5%

S : o

2 172 _ ‘

= dark matter 27%

dark energy 68/

Higgs pole mass My, in GeV

lew Phy5|cs inevitable?
Jut at wh|c scale/energy?

e E | under exploration right now
sBﬁ Wlkff, J—S ﬁi%? |

Searches!!

1000 1500 2000 2500 3000 3500 4000

particle mass (GeV)

0

500

N. Arkani-Hame




New Physics?

New Gauge Bosons? ypersymmetry ZZ/WW resonances?

i s

3
‘é L,»ww
B

: 822.5 . R I Me—
3 & ‘
JL=0.1fbt — 8 .

017.5 B qaZZ (SM)

_Event

N

h

nirles / 10GeV/c*

g

g

= = g

=R S

mmmmmmmmmmmmmm

mmmmmmmm

| eniries / 10GeV/<t
¥
g
£
R

Little Higgs?

Extra Dlmens‘l‘ons? Black Holes???

=
Graviton A § 35 ATLAS
’/ . H > 300 b ,f‘/x“ y
l \ |l 3 o
/ ) ?Ea 2.5
dn, g =~ £ 2 qE__ Ty
= 3
L\ 1.5 b
1
0.5
Q 500 i RN ]

B, I blv mass (6eV) ——
//// /

What stabelizes the Higgs Mass? Many ideas, not all viable any more
A large variety of possible signals. We have to be ready for that



SUSY force particles

Candidate particles for Dark Matter
— Produce Dark Matter in the lab

o SUSY particle production at the LHC b % _Picture from Marusa Bradac



"Where's Wally?" (c) Classic Media Distribution Limited. All rights reserved.

Finding Wally in 2 dimensions is already tough.
;| What about finding SUSY in 105 dimen

¥ 1. .



Supersymmetry: Glui

i i

| Interpretation in simplified models (SMS
~ ~ o~ ~~ ~ —_—— ~ o~ ~ - ~0
pp — g9, g > qgXx] July 2018 pp — g0, g —bbX{ July 2018 PP — g9, g ttX; July 2018
;‘ C T | il B | ! R | I ‘ I T | [ It 1 I =t | T il ;‘ [ T | | B i | | | S | | 11 ‘ | | | | I | ‘ | Gt | | =) A ; 2000 7_| | = | | I | | T { I ¢ ] | N [ | | | | | | [ T ‘ |_7
© 1600_CMS 35.9 fb' (13 TeV) @ 1800 CMS 359fb"(13TeV) 4 @ -CMS 35.9fb' (13 TeV) 4
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- ] 1400~ 2] T 1709.09814, 1-lep (A0) ]
B = - g [ —1704.07323, >2-lep (same-sign) )
1200 7 il E . 1400 C -~ 1710.09154, >3-lep ]
[ et 2 1200~ - B ]
10007_ fressenrmsettase., oLt tomenS | r il 1200:_ _:
) 1 1000~ - Bl L eSS, &
800 - - ] : 1
’ 1 800~ B 8001 =
600— — 7 g il il
- i ] . E 600 5
400~ . 400— - 400 =
s E 200~ il - 200" ]
L | 111 | T R | | S - ¢ ‘ 1) i | .:l Il éE 1 | | - o : 1 | 11 | | . | | = B2 ¢ ‘ i - | - (| ‘ |- A 3. I.: El | : 1 | 1 1 Il | 1 1 1 I 1 I 1 J 1 1 1 |E 1 1 | | 1 | | :
800 1000 1200 1400 1600 1800 2000 2200 800 1000 1200 1400 1600 1800 2000 2200 800 1000 1200 1400 1600 1800 2000
m; [GeV] mg [GeV] m; [GeV]

No significant signal to date
Within the context of the SMS:
Exclude gluino masses ~ 2200 GeV for neutralino masses up to

YNNI\ /™ _\17



Supersymmetry: Qu

, ¢ Db-squarks and light
c-l 3 = =0
4,”0 squarks u
h qf@ % Rt
p =
q
e = ~ — ~~ ~ ~0
PP —qq, 9 —>q X3 July 2018 pp — bb, b > bX] July 2018
— 1200 T 1 1T T T T T 1T T T T 1T | T 1T | s 900_\I Blsals [ I |11 1 | | P | [ Tl TTTT | ]
< 1 | | | | | | ] S e e [ e e R = SR T e
38 -CMS 35.9 o' (13 TeV) | 8 400 CMS 35.9 b (13 TeV) ]
—_ T =1704.07781, 0-I iss ] — T —1707.07274, 0-lep sbottom i
251000~ Z 170504650’ 0-lop ﬁﬂ;)) .- Expected — &S [ =1704.07781, 0-lep (H™) e Eapeuind -
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B 7 - =1802.02110, O-lep (o) -
800— - 600 =
i “eennnstt I ] 500 =
600— — c ]
- 1 400[ =
400 , 300~ =
B = & | 200 =
200~ onelight q ‘x__ ) _ B ]
. 1 . 100F- =
0_||\|\||;|||:': :‘: T .i‘:|‘|,_ :\Illllllllllllllll\IJIlIIIIlIIIII\l:.l-'lllllllll:
400 600 800 1000 1200 1400 1600 1800 400 500 600 700 800 900 1000 1100 1200 1300
m; [GeV] m; [GeV]

No significant signal to date
Within the context of the SMS: Exclude quark masses ~ 1500 GeV



Chargino and Neutralino F

io,ff . Direct production of

“electroweakino” pairs

'....‘.- ...... NO II--I .
Xil: \\ X1 /

TR AR
LLLERREAY

0yt S0
PP — X2 X3 July 2018 PP — X2 X5 July 2018
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fo nutio masses up to 600 GeV

xclude masses up to 1100



Top Squark Search Su

Partner of the top quark - the stop- plays
a promlnent role in Natural Models

1
~

=L e

pp ﬁ tt t % bx+ % bW+XO Ju,y2018 — 900 T T T \pp T T t.it, T T IX1 T T T JLI’IyI20I18
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100247 e 100F
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800 1000 1200 200 400 600 800 1000 1200
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400 600

Within the context of the SMS:
Exclude with masses up to 1100 GeV for neutralino masses up to
500 GeV

Is this getting critical for Natural Models??






Supersymmetry: G

SUSY-19-007

SUSY-19-006

CMSereiiminary 137 fo' (13 TeV)

s
2 pp — § 8. @ — b b % Approx NNLO+NNLL exclusion ;1 B
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S: Exclude gluino masses ~ 2300
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Supersymmetry: Q

SUSY-19-005 SUSY-19-006

b
P q 1 b 4%:‘
. b
?,.—4*‘0 "..-"” fcl'

1

CMS 137 b (13 TeV) 12OCCMSPmlinnhﬂry 137 b (13 TeV)
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Within the context of the SMS Exclude squark masses ~ 1700
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SUSY with Dilej

SUSY-19-008

CMS Preliminary 137 o' (13 TeV)
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SUSY Stop Produ

CMS Ppreliminary 137 b7 (13 TeV)

S- 1200 - 10
® pp - TET —>ti‘: Approx. NNLO+NNLL exclusion §
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Within the context of the SMS: Exclude stop masses ~ 1200
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RP-Violating S

SUSY-19-008

CMS Preliminary 137 fb~* (13 TeV) CMS Preliminary 137 fb~! (13 TeV)
102 ||— 95% CL Observed  —e— 95% CL Observed
B 95% CL Expected * 1 and * 2 Oeyperiment &= 95% CL Expected + 1 and * 2 gegperiment
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132 o
10* -
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1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000
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Within the context of the SMS: Exclude gluino masses ~ 2100
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Long-Lived SUS

SUSY-19-005

Extension of “classic” hadronic MT2 search

Signal selection:
Binning in Hy, M+, #jets, #b-jets
Extra categorization in short (pixel-only),
medium (< 7 hits) and long (> 7 hits) tracks

-

100 CMS Preiiminary 137 fb" (13 TeV) , o0 CMS preiiminary 137 fo' (13 TeV) } CMS Fraliminary 137 fo' (13 TeV)

oy - 10° — ; - - 107 _o— 3000 107
) PP @ o) =10cm  Appros. NN LO+NNLL exchision '8. T PP~ @ § Oy(F =50 cm  Agpron. NN LO+NMILL exclision = P —+ 005,15 12 M Approx. NNLOSNNLL asciusion E
[0} — AR~ aur)i =] . = M _ Bng ~ aar)i= ] ._('g . L BLETRE =
TG 200| TS e B g E o g S g m00| w4 ex g 8 o 2s00] — 0o E e mnieg g 4w E)e) 8
£ 21 EEXPOCIONE 1 e WG9 8,5, § ¥ E | - .&.;. EP‘ FIEENPOI L 1O W g 8.1, §, ¥ T ’-§§M PEIEPON0E 10y G 5 E e Ee ] =§
[ Wineduy! -y ] o [ winsiueg! -4 = 10 o [ wrodmey -1 0 o
2000 = - § 2000 - § 2000 §
[ bl [ -—anas " - b} [ o
= c = - -
1500 . i - Hw'eo 1500 o d 410’8 e 10° &
! ~ A&, Tt = I v = - -
" : E v £ L E
1000} VY - g 1000} I ‘g 1000} g
] [ L E
- Lo 110" 8 i N 10 S - 10+ 9
| . " e s H 5 L
so0f- ) ".‘ = o] 500} i F 9 &) 800 o
: il 2 fct=580cm 7 1l = 2
olsslii | Eehormeorame, (1ol |0 ol cLum, o - ] 10’8 0 10t
1200 1400 1600 1800 2000 2200 2400 2600 2500 1200 1400 1600 1800 2000 2200 2400 2600 2800 1200 1400 1600 1800 2000 2200 2400 2600 2800
m; [GeV] m, [GeV] m; [GeV]

No gniﬁcant signal to date

Within the context of the SMS: Iue gluino masses ~ 2400 GeV



Phenomenological MSSM

SMS don’t always fully cover signatures...
-> the 19 parameter phenomenological MSSM (pMSSM)

. arxiv:1606.03577

analyses

o three independent gaugino mass parameters M;, My, and M3, -3 < M, M, <3TeV,
o the ratio of the Higgs vacuum expectation values tan f = v2/v1, 0< Mz <3TeV,
o the higgsino mass parameter y and the pseudoscalar Higgs boson mass 14, -3< < 3TeV,
e 10 independent sfermion mass parameters mg, where F = Q;, U, Dy, Ly, By, Q3, Us, 0< my <3TeV,
D3, L3, E3 (for tEe 2nd generation we take mg, = mq , mp, = my,, mg, = My, mp, = 2< tanp <60,
myp,, and mg, = mg ; left-handed up- and down-type squarks are by construction
mass degenerate), and 0 < mg 27 M0 D, , ML, 50 M, TG, My, My, M, i, < 3TeV,

o the tr111near couphngs At, Ap and A-. —7 <Ay, Ap, Ar < 7TeV,

pMSSM CMS pMSSM CMS pMSSM

2 BAPSERAANSEOR R R > AR AR R I > A U I LS I
= —— Combined, 7 TeV N = —— Combined, 7 TeV = —— Combined, 7 TeV
% —— Combined, 7 + 8 TeV o —— Combined, 7 + 8 TeV a ——— Combined, 7 + 8 TeV
o + Combined, 7 + 8 TeV, Higgs data E + Combined, 7 + 8 TeV, Higgs data E + Combined, 7 + 8 TeV, Higgs data
g_ =05 —p=10 -p=15 [=] ~u=05 =p=1.0 -p=15 [<] =05 =p=1.0 ~p=1.5
— 1T 7] e ¢+ g 1= -
5 glumos 5 | squarks g | stop | Based on
s 08 I 2 08 'S 08
Fos e e : o8 £ 8TeVdata
0.6F 0.6 ® o6
0.4F 0.45— 0_4'_ I Im |tS
02:_ 0.2 E"“"“' . ] 02:_
’.,_u.:m'""}"": FTETENE ENRETETE BT AT B P o I ARSI 1 Ll [
%05 4 1!5 2 55 3 05 15 2 25 3 9%
g mass [TeV] U, € mass [TeV]

g i L

boints sampled: Leads to softer limits on the sparticles masses
10s > 500 GeV, stops > 300 GeV => there |s st|II low mass phase space




SUSY (as seen from outside

But not giving

'November ‘16 reported by The Economist (1?!): up as yet!!!
A So far 2016
il data analysed

Keep the

party
ready..

But no signal
in full run-2

P [P

www.economist.com/news/science-and-technology/21709946-supersymmetry-beautiful-idea-there-still-no-evidence-sur




Search for Dilepton Reso

CMS Preliminary 137 o' (13 TeV) 137 fo (13 TeV, ee) + 140 fo (13 TeV, up)
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Exclusion Limits around 5 TeV ,

Search W|th scouting date Ex0-19-018
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nght by-light Scat

* Select uItra perlpheral collisions in PbPb arX|v 1810 04602
* Exclusive 2-photon final state selection 2 S

0l
* Small acoplanarity (< 0.01) \Q;u/ L

 Small diphoton p; (<1 GeV) :
T /Cﬂ\ L:LL'

* 14 events found, 3.8 background events est. - —,
-> set limits on Axion-Like Particle searches

CMS «log| linear scale —

}.’0’—»21 (OPAL) - pp—>2y (CMS

SN

e'e'—3y (OPAL)

)

PbPb (5.02 TeV) — vy, observed
[ e PbPb (5.02 TeV) —» n expected
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Vector-Like Quz:

LQ: same electroweak charges for LH and RH components

t ‘ ‘
...... 4 2 s j--l;--- \J EW scale™!

YY=bWoW-vadqq, BIY-bW)=1
TT-+bWb W19, BT-bW)=100%

TT=AZZ(1*, L5 1%, [ * [*[F) + jets, B(T=1Z)=100%
TT-tHtH-+bqgbbhaghb, BT-+tH)=100%

TI={*51* A1 [7) + jets, TT singlet

TTall* L50% 21 0% ) 4 jats, TT doublet
BB-tWAW=(L* 717,07 12 17 ) + jets, B(B-tW)=100%
BB-bZbZ+bqdbad, BIB-Z)=100%

BB-bHbH, B(B-bH)=100%

BB(0% 1t0% 112174 jets, BB singlet

BB-(1™ 1217 L ¥ 17 (7 )4 jets, BB doublet

Koy tNEWHS(0 2, 120 %) 4 jets, Bly,,+tW)=100%, RH
KoMy WEWes(1 *, 121 %) 4 jots, B(X,,,+tW)=100%, LH
Tu=tZ-bqql* 1=, namow T

bT=btZ-bbgd! * 1~ namow T

BebH-bbb, narrow B

BoatWosly 4 jets, narrow B

GUT scale! Scalar precipice

Planck scale! Composite Higg

VLQs to tame the
quantum corrections

EEFFF e rrrErEEEEEE |

1 1 Il L 1 L 1 L
1 2 3 4 5 6 789
mass scale [TeV) EPS-HEP 2010

S/
s

,125 VLQs: Lower limits
presently in the
900-1800 GeV range

Selection of observed exclusion limits at 95% CL {theory uncertainties are not included)



Seach for Di-jet Reson

‘ CMS Preliminary 137 fo' (13 TeV) i .
= : * T s 3 CMS Preliminary 137 b’ (13 TeV)
EXO 19 012 w 10 —FitMethod 5“10 I | GO 7 |” T 1T ‘ | 3 A I L 0 V.l T 1T | , N S T I T ?
— S 5 X2/NDF = 40.34 / 38 ok SEEEC GER Rl String 3
o 10 Ratio Method 102 . Excited quark i
h f N 10 x”':::;‘t/o)'”/ 32 < Ratle = Axigluon/coloron E
= : --9g9(eole Q — — Scalar diquark 3
S earc or S 4 g (4.0TeV) 10=. ——— Color-octet scalar (k? = L
B - qq(6.0TeV) O B Z 3
high mass Sk 1 ks :
‘e 5 » T e --.-~ DM mediator 3
d IJ et IS 3 | \\ So e RS graviton ]

-3 . —
10 E Wide PF-ets P B 107

resonances i il
based on o5 f hi<2s <t X
the full run- | : 107
2 data

95% CL limits
[ —=— gluon-gluon
—— quark-gluon

—e— quark-quark 0 -
| N O | I | 1Y ) 1 | ‘ | T o | | I ki) W 58 L |\l { .| | | I . | J\ 1 |\|

| i
: ‘ 102345678

2 3 4 5 6 7 8
Dijet mass [TeV] Resonance mass [TeV]

T II]IIII T IIIIIII| T IIIIIII| T II[II'

Abb Lo rws

(Data-Prediction)
Uncertainty

PE Jel ik

s 1 event Limits on physics scenarios

Wide Jet 1:

[ pt=35TeV
- Mass = 1.8 TeV g
Observed (expected) mass limit [ TeV |
JEO Model Final ~ 36fb"' 137fb~"
phi =245 s : State  13TeV 13 TeV
: ) : String Qg 7.7(77) 7.9 (8.1)
2 pairs of jets E e Scalar diquark qq 72(74) 7.5(7.9)
a i Axigluon/coloron qq 6.1(6.0) 6.6 (6.4)
with same mass - Excited quark qg  6.0(5.8) 6.3 (6.2)
Color-octet scalar (k2 = 1/2) gg  3.4(3.6) 3.7 (3.9)
See:1810.09429 W’ qq  33(3.6) 3.6 (39)
CMS Experiment at LHC, CERN PF Jet 2, Wide Jet 2: iz qq 2.7 (29) 2.9 (34)
Romvenn sosa oy oamres 220 EEST N pt=34Tev ,I\ RS Graviton (k/Mp;, = 0.1) qq,gg 1.8(2.3) 2.6 (2.6)
Dict iass - 80 Tov phi=-127 il L DM mediator (mpy =1GeV) qq 2.6 (2.5) 2.8(32)




Search for Di-jet Res

Access LOWERdlet invariant photon

masses via initial state radiation %Z

for the trigger: eg a high p; photon
arXiv:1905.0331 II

35.9 fb (13 TeV)

I T I 1 I I I I LI

CMS 95% CL Upper limits

—e— Observed limit == UA2 .

1 [ wmees Expected limit CDF: Run 1 :-: Z
~ | 68% Expected FT— ) / ]
- 95% Expected ;/ -

. e, -  WEEE CMS ISR Jet: Run 2 s
— —— - Indirect constraint: Z /;.' -

~ ==+ Indirect constraint: Y === ATLAS ISR Jet&y:Run2

g'q coupling strength

102

Z' mass (GeV)



CMS Prehmmary

EPS 2019

l|'|| L] l'IlIIl]

I',. /M, =100%

I',./ M, =50% ¢

I]IIII

100 200

1000 2000
M,. [GeV]

Access to Lower Mass

Using Initial State Radiation/Boosted and data scouting tehniques

95% CL exclusions

s . e s i

w Observed

Expected
I,/ M, <~5%

tt resonance, [arXiv:1810.05905]
35.9 b, 13 TeV

Boosted Dijet+y [arXiv:1905.1033.
35.9 b, 13 TeVv

Boosted Dijet [EXO-18-012]
77.01b7, 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.7 fb™, 8 Tev

Dijet scouting [arXiv:1604.08907]
19.7 b, 8 TeV

Dijet scouting [arXiv:1806.00843]
35.9 b, 13 Tev

Dijet [EXO-19-012]

137 fb?, 13 TeV

Iz I M, <~30%

Broad Dijet [arXiv:1806.00843]
35.9 fb”, 13 TeV
I,/ M, <~100%

Dijet  [arXiv:1803.08030]
35.9 fb, 13 TeV




: Tests of Lepton Uni

puzzllng results from the LHCb experlment

Compariﬂg the rates of B — Hpu puand B — Hete™
B

Companson with SM predictions If confirmed, independent
R _ checks

2T ZIRR N T G : will become very important.

: ' Belle II? ->in a few years form

Z: ‘—}ﬂ 1 now

® LHCb
04 igg)HMV b . .
s mes CMS has installed a special
AP o ] trigger to collect an unbiased b-
| TR sample which is active since
q* [GeV*: /Y] 2018
-> more than 10%° b-pairs
rst LHCb run-2 results d|d not yet collected )) []

during 2018 via parked data
. stream!




Thlrd Generation Lepto WWWW

Candldate explanat|on Leptoquarks with L %Q% <
couplings to second/third generation.

-> Check in ATLAS and CMS LQ#

Example search in the b r b .
tau-nal state ) arXiv:1806.03472

—o— Observed g ;
e 35.9fb" (13TeV)
‘< 2 . 5 [ T T | T T T T T T ]

: Preferred b
N Y
2.0F \ B-anomaly (95% CL)
. Excluded (95% CL)
JHEP 07 (2017) 121

[ aaes Exp. 95% CL

1.5_— 7

0 0 L L L .
B K 500 1000 1500 2000
d d S; (GeV)
359fb (13T V) [

T T
T, T —e— Observed

? CMS hh —— Scal l'VLQ7OOG\/ 3 1 '0

(7\ 1, p=1) E B

—

[ Single top quark 1
[ Electroweak

[ Jet-»r, fakes

3

0.5}

Q 3 ! ! ! HRE 1 1 1 1 1 | 1 1 1 1 ]
K ' 500 1000 1500
BN S ‘

oo Leptoquark mass (GeV)

500 1000 1500 2000
S, (GeV)

Blue region is preferred by the B-anomalies..




Searches for Long Lived P

..... tral i
neutra HSCP displaced W BSM

— Charged
—— any charge

M anything

disappearing displaced

track

W
displaced ;
dijet

displaced
vertex

.
;;;;
e v
\d
-

displaced

tracks ->

* “

5 *

L ".

e

) -
H 7S .
H A
:

.

.

.

:

.

A 2 displaced Not pictured:

conversion out of time decays a I m O St

10

= | |ncreasing interest and effort:
, Look for unusual signals in the
b detector from long-lived particles

[] Example disappearing

[] Search for charginos,

( A 5‘(?, iji: production
| N N P | | T T 1T | T l..l LT

p=sy>0  N0OS

Present coverage?

[ns]

T

Ho- I
< I

p=s
<
TS

oo
LA

o

LHC-wide organiz

— Observed 95% CL limit (+10,,. ) |
Expected 95% CL limit (1 o,, )

------ ATLAS (8 TeV, 20.3 fb”, EW prod.) |
...... Theory (Phys. Lett. B721 (2013) 252)

ALEPH (Phys. Lett. B533 (2002) 223)
1111 I | ) 1 1 I 1

T T,

Sy b arXivl712.021
x 18

ATLAS _
Vs=13TeV, 36.1 fo™' 3

o2

A White Paper in preparation!

https://indico.cern.ch/e/LHC LLP_October 2017 | ooy

300

400 500 600 700
m... [GeV]
1



Search for Delayed

- ¢ arXive:1906.06441

........ ¢ -Using the ECAL
precision timing
.......... 6200 ps

-Search for jets no
connected to the

Background Prediction .
150 Beam halo 0.020% (stat) *0 (syst p rm a ry Ve rtex
“on (stat) gy (syst) .
Coreand sateliebunches 01102 ) 42 () | -Data driven back-
*%00 150 100 50 ©0 50 100 150 200 Cosmics 10138 (stat) *18 (syst) g
 (cm) ground estimate
; 137 b (13 TeV)
UC'J10'I"'I"‘I"'I"‘I"'I' : 137fb'1(13TeV)
o) 3 CMS ¢ Observation :.-:10 E FEe e EE =l = "”‘E
S 10 [ Cosmic ray muon background e CMS 95 % CL upper limits 3
~ e [ core and satellite bunch background o 0 -g pp= 55§09+ g —e— Observed ?_
%) = :
2 B s o 5 mew0cey g . 1 GMSB lONQ-
S 10 b comem GMSB m, = 2400 GeV, ct, =10 m % 5 B - --—-- Expected median = 2 | . H
Ww  Els | e GMSB m, = 2400 GeV, cr, = 30 o 10 i it —
ma G - g ; CMS displaced jets (36 fb™) E I Ived g I u I n O
_é 10§— ------ Approx. NNLO+NNLL o(pp — § §) mOdel Sea rCh .
2 L / 3 Mass limits up
=] F =
v =l
o e Y to 2500 GeV
N
1072 -




Displaced Photon

search for long-lived neutral particles decaying to photons, using precis
ming in the ECAL. Eg in GMSB models: % - 1+G ; i

'ens with two photons with p.> 70 GeV, 3jets

ith p™> 30 GeV :
e timing and shower shape discrimination q :
Resolution ~ 200 ps i

T e T T T T T T T el T T

~ CMS GMSB SPS8

Preliminary sarsmse CMS Exp (£ 10) 13 TeV y(y)
m—— CMS Obs 13 TeV y(y)
- ATLAS Obs 8 TeV yy

L1: Neutralino | CMSObs7TeVy

LI~ §

—_—
z
L2: Photon

I IIIIIII|
1 ||||I|||

359113 [13

_} I IIIIIII|

150 200 250 300 350 400 450 500 550 600
M., (GeV)
1

o
o

V)
CMS
Praliminary
—_— Dala[p =100 GeV] (Scaled = 0.039)
—_—t Dala[p =100 GeV]
GMSB A: 200T‘Ul:1'20(lcm[p =100 GeV]

t, (ns)




Mass Diphoton Spe¢

A search for X->yy at low mass

\N excess is observed in the 8 TeV data (20 at 97.6 GeV) and 13 TeV
2.90 at 95.3 GeV) -> Combined gives a 2.80 local excess at 95.3 GeV

arXi:1811.08459 ATLAS-CONF-2018-025

CMS 359 b7 (13 TeV)
_IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII_

220—' L. ) LA, L T ] [ S R T LU UL T R B IR
- ATLAS Preliminary = Observed
200 {5-13TeV, 800" e Expected
180F- X—yy Etlo =
160F Ct2e ]
140- -
120F =
100F ]
80
60—
40:—
20
bl | | L l NN . -1111!111|[1111|1114[11|1|Ll
70 75 80 85 90 95 100 105 110 0 70 80 90 100 110
my, (GeV)
m, [GeV]

. B [fb]

95% CL Upper Limit on o,

N
N\

robably not -t ... ATLAS does not see the same size of effect...
et’'s see with more data in future...



Search for New Resona

NMSSM nggs inspired search in mass range 12-70 Ge.

arXiv:1808.0189C

-Search for bump in muon pair mass spectrum with associated b-jets
SR1: 2 muons + one central and one forward jets (|n| >2.4), at least 1 |
SR2: 2 muons + 2 central and no forward jets, atleast 1 b

cms 19.7 b (8 TeV)

lllllllllll

Ooy 1
[Otop quark il

B

1 +
: T i M
i 1??1 'H'TI?U 1’64& Ty 4447000

20 30 40 50 60 70 80 90100

10*

Events / 2 GeV

cms 19.7 6" (8 Te V)
||||||||||
F +Data
e [Oov SR2 E
g [Otop quark
= Bw E

o

oyl
L Wt "

A’“A“‘ Yot
¢

T'pel] * Ty "

20 30 40 50 60 70 80 90 100

===== Background-only fit

m,, [GeV] m,, [GeV]

19.7fb” (8 TeV! CMS 197fb (8 TeV,
T D o 40:
SR1 —— Signal+background fit C

0 "What does ATLAS say?

8 TeV Data

Both regions are independnt

Excess seen in the both
regions around 28 GeV

SR1: 4.20 local significance
(~3.00 global sign.)
SR2: 2.96 local significance

No significant excess at 13 TeV



Search for New Res«

ATLAS-CONF-2019-36 ATLAS search in th|s channel

) HMHHH W W
LH HH‘ . | 4 o L ANR ATLAS: 208 p (Ieadlng
1 LH LA . & L 1 pr>27 GeV) two SR:
My [GoV] My [GeV] one jet barrel one
) Central Forward Central Central endcap or two in barrel)
3 2005 A714s Proliminary S .
g 190 Vsm13Tev, 139" ++ 3 300[— Ye=13TeV, 139"
g e R AL "*
Do +*+w++*+*;‘+"‘+¥*‘+ 4 13 2:? A L
o TeV ., No Significant Excess
[T | | SRRSO |

m, [GeV] M [G8V]

Local significance and max sificance 26-30 GeV in steps of 0.5 GeV

8 TeV 13 TeV
Region SR1 SR2 SR1 SR2
Local significance (28 GeV) 0.5 0.5 0.7 0.2

Max. significance 0.9 (29.5 GeV) | 1.1 (29.5 GeV) | 0.8 (27.5 GeV) | 2.1 (26 GeV)



Summary

Measurements of Standard Model processes show good
agreement with predictions. Precise measurements require
precise calculations. New rare processes measured.

Higgs measurements at 13 TeV. So far the Higgs is very
consistent with SM expectations. All main decay and
production channels now observed. More precision with run-2.

No sign of new physics in the 13 TeV data so far in run-2...
Many analyses now with full run-2 statistics already,

Dark Matter and Long Lived Particle searches are being
explored in a systematic way. White paper arXiv:1903.04497

New physics in the flavour sector? New TH para
w T

I

The LHC is continuing to explore the Terascale.
significant deviation to show the way!!

And hopefully one day soon:
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