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* Higgs Sector
— Mass
— Coupling to Bosons

— Coupling to Fermions
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Data sample: LHC Run | and Run Il
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* Excellent performance of
the LHC

e ~25 fb! delivered in RUN 1 _ :
and ~100 fb' in Run 2 U
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The Higgs Sector: Mass

* Higgs Boson Mass measured with high
precision by ATLAS and CMS using the
fully reconstructed final states: H-> vy
and H->ZZ->4| (e,u)

* All measurements in good agreement
e L
ATLAS Preliminary
—— 1.
{5 =13 TeV. 36.1 fo Total Stat. [ Sys
| Total  Stat. Syst.
H—ZZ*—41 —— 124.88 + 0.37 ( = 0.37 = 0.05) GeV
H—=yy . — 125.11 + 0.42 ( = 0.21 + 0.36) GeV
Combined — 124.98 = 0.28 ( = 0.19 = 0.21) GeV
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CMS Mass Measurement using only H->4l

12% more precise than Run 1 ATLAS+ CMS comb.
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Higgs Production and Branching fraction

Many different production mechanisms and decays: aim to measure
as many as possible

Use of different experimental signatures to measure them
Some very clean decays with low BR (yy, 41), other very difficult with

higher rates (bb, WW, tt,) cc
( / zz
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The Higgs Sector: Couplmg to Bosons H->y
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The Higgs Sector: Coupling to Bosons H

Very clean signature but very low rate

Measurement of ggH and VBF

production

Measurement of total fiducial cross
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The Higgs Sector: Coupling to Bosons H-> WW
e Larger usable branching fraction (212v) but much larger
background

* No Higgs mass reconstruction, rely on lepton kinematics (Mt,
I\/III II)

CMS Preliminary ~ 35.9 fo'' (13 TeV)
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The Higgs Sector: Coupling to Fermions H-> tt

. 35.9 b7 (13 TeV) 35.9fb" (13 TeV)
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The Higgs Sector: Coupling to Fermions H-> bb

Largest branching fraction (58.4%) but

huge background from heavy flavour

production

Need to use exclusive (rare) production
mechanism to gain sensitivity: VH H->bb

(V=W or Z)

Final states with 2 tagged b Jets and 0,1 or

2 leptons
D NSNS
ATLAS VH, Hbb)  {s=13TeV, 36.1 fb”
—Total Stat.

(Tot.) ( Stat., Syst.)
WH I - 1.35 *Ses (7038 0as)
: +0.50 +0.34 +0.37
ZH : o 112 %45 (Z0335 030 )

C b +0. +0. +0.
om HroH 120 "0 (1033, 0% )
TETENINEE ETSNN AN IR Lo b b b v b v Ty w oy

Best fit u0 for m =125 GeV

Evidence of VH(bb) production

ATLAS
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=
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Uncertainty
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ATLAS
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The Higgs Sector: Coupling to Fermions: ttH

12

Very interesting:

— give direct acces to the Yukawa coupling
between the top quark and the Higgs

Very challenging:

— Very small production cross section

(O(0.5)pb @ 13 TeV

— Many complex final states and large
irreducible backgrounds

T T O I
Complex analyses: g0F gy 0= 125 GeV
— Use of BDTs, MVA, Deep Machine Learning §10:_M ]
techniques poE
o |
Results from ttH-> Multilepton final T L

states and ttH, (H-bb)

107'E

1072

1 III|IIII|IIII|IIII IIIIIIIIIlEI
9 10 11 12 13 _14 15
(s [TeV]
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The Higgs Sector: ttH-> Multileptons

o 50
P ety B b e e EE
* Target Higgs decays to WW, tt and 77 Tl A
— Two same sign or >=3 charged leptons+ additional ol 7 ]
requirements on b-jet multiplicities (and/or t, for CMS) s ]
* CMSusesalso 1 lepton and 27, 201~ 3

 Irreducible background: ttW, ttZ, with prompt ~ * @ Ly Ié |

5 O L of w ;
leptons Y &7 )Y
% 0.755~ ’ ' % 075 £ 7 3
. . . o £ o E E|
* Reducible background: mostly tt+y with mis- B T T T e e e
Number o Number of jets
reconstructed leptons
.E 7| I T T T T | T T T T T T T T T T T T | T T T T | T l7
2 - ATLAS ¢ Data ]
ATLAS comb. u=1.6">-;, CMScomb. u=1.23"%>-,, 2 [ g_i37ev, 361" W H (1 =1.6)
cMs 39’ (13Tev) D Post-Fit ttH (u=1)
ATLAS {s=13 TeV, 36.1 fo" Combined | =123 04 0% gio) 07 o W 1o []Background —
ombined | =123 """ 5 ) a5 (SYSt. - ~,Bkad. U 3
i - Bkgd. Unc.
—Tot. - Stat. Tot. (Stat., Syst.) a2, i - EEEs Bkgd. (u=0) -
2/08 + 1T [T AP S 1.7 28 (52, 0 w=-152 170 " B ----Pre-Fit Bkgd. |
1€ + 2Thag | =+ @i -0.6 ﬂg (t(1)t13 t”}) ili 61058 | 1 ]
ar| veween 0.5 755 (%05 f03) dss ety | 102 -
3¢ + 1Thag boof@enes 1 1.6 jg (ﬂ; fgg) p.=0.94f;§70: —TTh - 3
2658 + 1704 poeened 3.5 07 (85109 ST —_ 2 C ]
109 (406 +0.6 w=082,0, 1 - -
3¢ pro-H 1.8 7 (Z6> o) 31+ 1,
2rsS|  KeW 15 e (04, 5a) | m=to4T [ i
combined  red 1.6 f‘i (ﬁg, ‘:gg) 3I= s . 10k
=2 0 2 4 6 8 10 12 T e b b B L L Vo) i A NS R R R R
Bestfity_ for m~125 GeV sestituy O[S 15 — tiH (u, =1.6) .
(o)l = t
= 10
o . . . . LR ke -
Evidence for ttH production in leptonic final states g2 o

CMS : 3.20 (2.8 o exp.)
ATLAS: 4.10(2.80exp.)
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35.9fb" (13 TeV)
T

The Higgs Sector: ttH (H->bb) and Combmatlon

= N B
m s e Data ]
 ATLAS and CMS use channels with 1 or 2 leptonsand 3 105;— azzzksf;’:zdms
N,..>= 4, >=3b, to exploit leptonic t decays to reduce & 1ok TSM=n
huge backgrounds 10
* CMS also uses the all hadronic final state: higher vE _
10 -
rates but even larger background R A
2 14f -
Q H m 1.2 N L |
Combined signal strength of all ttH channels 3 10— et L
. . . T 08F E
in agreement with SM predictions Sl S I
————— — .(t.Otl'). (.ST.at]’.sy.‘Q"t'.) 5.1fb"(7TeV)+19.7fb"(8TeV);:i?\ﬁj"(mTeV) Pre-f | B
ATLAS {s=13 TeV, 36.1 fo CMS igggtyg)@svsﬂ _ !rle Ilt‘eT(p[etlzteci)sglg Qgss4ev)>
- total stat. HTHWW*) i _.—._ — 20 (stat sysl) CMS
tiH 2z -— <1.9(68% CL) ) i . m tot stat syst
: ttH(ZZ") ;
fiH vy [¢1 0.6 *0a (04,2035 ) ttH(ry) Q Single-lepton wer 0.84 705 02 0
N +06 [ +03 +06 tiH(zr) %Q/
ffH bb o 08 6 (0305 ) - ;
e + Dilepton| +——=— ; 0.04 *121 +063 +1.04
. +0.5 +0.3 +0.4 : 3 . 112 060 -095
ttH ML Ko 1.6 %, (035503 ) 748 TeV
tHoombined| . : |.q124,u4> T | e |
_2‘ 0 — é : A — é —— é — '10 Combined _..._ Combined "*H 0.72 "o4s 024 -038
Bestfit u__ for m,=125 GeV R R | SRS S S A E

Best fit uw = o/c__at m, = 125 GeV

ATLAS Combination Run2 u=1.2+-0.3 Evidence ttH Prod. 4.2 (3.80 exp.)
Run2 u=1.18+0.31-0.27 Evidence tth Prod 4.2 &

CMS Combination
CMS Combination Run1+Run2 u=1.26+0.31-0.26 Obs. of ttH with 5.20 (4.20 exp)




The Higgs Sector: Putting all together

CMS u combination:

_ +0.10

w=117"y1
Cross sections

measurements in
agreement with SM

Differential Cross Sections '

also in good agreement

with SM

ggH

l'lVBF

Cross sections normalised to SM

from ZZ and yy combination

T T T ] LI I B B

T L
ATLAS Prelimi

nary

99k "E“ Vs =13 TeV, 36.1 fo"

: H—yy and H—>ZZ*—4l

: my; =125.09 GeV, ly, [<2.5
ver |

Pppe——

ol by

Measurement  Fe{
Stat. uncertainty

Syst. uncertainty D
SM prediction I

Ly

L | IR
—1 0 1 2 3

4

5

Cross section normalized to SM

MWH

ZH

l.LttH

n

Higgs production

CMS Preliminary ® Observed
35.91b™ (13 TeV) = +10 (stat.®sys.) E>|>
= 1+1G (SYS.) >
— g — 120 14
i 0
— ~11% o

— : Eu_|>
. ~41% =3

—— =

~27%

=

: w
e~ 20% o

L o
- ~9% T

0o 05 1 15 2 25 3 35 4

Parameter value

Higgs Pt
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CMS Preliminary 35.9fb" (13 TeV)
1_"| T T T T T L | t'
107"
1072

------- SM Higgs boson

. — M, g] it
ER
[ ]+2¢c
1074k, .
1.5 — : :
3| P re— 14
0.5F
0..I | taaaal L TR |
107 1 10 10°

Particle mass [GeV]

Differential cross section

1.6
1.4

dG/dp:' [pb/GeV]
o o o o =
N S (2] oo —_ N
1I|\1I|l\\>\1ll:[

T T T T T T T
E ATLAS Preliminary ¢ Combined
. HRes + XH
~a NNLOPS (@N°LO) + XH
[0 RadiSH + XH
- %5555 XH = VBF+WH-+ZHattH+bbH

H—>ZZ,H- vy
13 TeV, 36.1fb™"

Theory/Data
009O -
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Standard Model Precision
Measurements

16



SM and QCD

Impressive number of SM and QCD cross sections
measured in very good agreement with expectations

Standard Model Production Cross Section Measurements

Status: March 2018

—
_Q O total (2x) K .
O 10" Foao e ATLAS Preliminary
—_— Theory
5 a Run1,2 v5=7,8,13 TeV
10° WACIO LHC pp Vs =7 TeV
':'due‘ Bl Dpae 45-490"
5
10 o
pr >25 GeV LHC pp \/g =8 TeV
10* 0o A Data 20.2 - 20.3fb™*
O
LHC s =13 TeV
103 pr>125 GeV o0 O o \/—
o 4o BBl Daa32-361f0"
pr,>100 GeVny > 20, > 1 o 7o) o ww
102 nA21 4 ntrchan n] ww
y AN O WZ A ww o
’ gwa we o Wz V% O Sotal
2 (o] 4 n o ﬁ a0 A
101 > 1 7z 77 9gF
A n2dg ok A O HoWww
2 o 3 ‘5. & vH A wy
o O n; 6 5 o Hobbyg o
1 nﬁ o njz4 n>6 nHﬂ EAOH n
njzﬁma1 < o n “ A ” A o
I . 7 VBF " N
iz H->ww A
10_1 D1 a 8 Hoyy “ e
n>6 o}
=1 h A O
- o 2 .
nz7 n HoZZ—4¢ A w A
a W
-3 A R &
10 e
A
PP Jets 7Y W z tt t VV ¥y H WV Vy {iWw tiZ ttH tty Wjj Zjj WWZyyWyywwy ZyjjVVjj

EWK EWK Excl. EWK

tot. tot. tot. tot. tot. tot.



Measurement of the W-boson mass

* Based on early data (2011) at

Vs =7 TeV (4.6 fb1) with low Pile-Up
* Huge amount of work to understand

Events/ 0.5 GeV

detector response and the modelling

of kinematic quantities (Mt, P,')
(relies on large Z > €€ sample)

Similar precision reached as for
current best measurement
from CDF

m,, = 80.370 +0.019 GeV

+ 7 MeV statistical
+ 11 MeV systematic
+ 14 MeV modeling

Data / Pred.

LEP Comb.

Tevatron Comb.

LEP+Tevatron

ATLAS

Electroweak Fit

1a0E- ATLAS Preliminary
E Vs=7TeV,4.1fb" WmW-uv
— []Background
100E= x?/dof = 29/39

III|IIIllllllllllllllllllll

02F-

01 +
T T B e HMN B B
L = i

0 32 34 36 38 40 42 44 46 48 50

ATLAS ¢ my
= Stat. Uncertainty

— Full Uncertainty

+
PY 80376433 MeV

80387+16 MeV

P 80385+15 MeV

+
® 80370+19 MeV

8035618 MeV
| | | |
80320 80340 80360 80380 80400 80420

my [Me]-Vé



Measurement of the Top Mass
* Large Top production cross section

— Many precision measurements on Top

Properties

 Many differenet methods and final states

used to extract Top Mass

— Direct methods, (Templates, Ideograms)
— Indirect method (based on measured Xsect.)

ATLAS+CMS Preliminary My, SUMMary, Is =7-13 TeV September 2017
LHCtopWG
"""" World Comb. Mar 2014, [7]
stat total stat
total uncertainty Migp = total (stat = syst) {s Ref.

ATLAS, I+jets (*) e 172,31 1.55 (0.75 = 1.35) 7TeV [1]
ATLAS, dilepton (*) —t——— 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
CMS, l+jets —He—— 173.49 + 1.06 (0.43 = 0.97) 77Tev [3]
CMS, dilepton 1 172.50 = 1.52 (0.43 = 1.46) 7TeV [4]
CMS, all jets ———— 173.49 = 1.41 (0.69 = 1.23) 7TeV [5]
LHC comb. (Sep 2013) LHctopwe = 173.29 = 0.95 (0.35 = 0.88) 7TeV [6]
World comb. (Mar 2014) = 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, l+jets H——tH 172.33 + 1.27 (0.75 = 1.02) 7TeV (8]
ATLAS, dilepton = 173.79 = 1.41 (0.54 = 1.30) 7TeV [8]
ATLAS, all jets F——+ 1751+ 1.8(1.4+1.2) 7TeV [9]
ATLAS, single top —t——— 172.2£2.1 (0.7 + 2.0) 8TeV [10]
ATLAS, dilepton = 172.99 = 0.85 (0.41+ 0.74) 8Tev [11]
ATLAS, all jets = 173.72 + 1.15 (0.55 = 1.01) 8TeV [12]
ATLAS, I+jets = 172.08 = 0.91 (0.38 = 0.82) 8TeV [13]
ATLAS comb. (ﬁj::";;) H=H 172,51 = 0.50 (0.27 = 0.42) 7487TeV [13]
CMS, I+jets T o] 172.35 + 0.51 (0.16 = 0.48) 8TeV [14]
CMS, dilepton et 172.82 £ 1.23 (0.19 = 1.22) 8TeV [14]
CMS, all jets HeH 172.32 = 0.64 (0.25 = 0.59) 8TeV [14]
CMS, single top H—e— 172.95 + 1.22 (0.77 + 0.95) 8TeV [15]
CMS comb. (Sep 2015) HH 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [14]
CMS, I+jets -
(*) Superseded by results
shown below the line

[T I R R R N R [

165 170
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T T | T T T
ATLAS

T

T T T T | T T T T I T |
w = 80.370 £0.019 GeV ]

;‘ B

> ] =
fel O, 80.5 B m - 172.84 +0.70 GeV -
e A precision measurement of AN b= ey ]
m m and m a”OWS 3 80.45F —68/95%CLomeandmt‘::
top '''W H - -
: 80.41- -
stringent test of the SM SN = .
. ] . 80.35F .
— Aim at improving further : = :
o ] 80.30 = 68/95% CL of ElectrowealC
the precision on Mw with Pt My a0 e
dedlcated runs 80.25—— I1E|35l - |1%0| |1%5I - |1é0| — I1E|35I
m, [GeV]
* Precision measurement of TN [ pe—
Sinzew by Afb ConSIStent ;Z‘:’i';:;y“m-mw B —o 0:23125;0:00060
with previous o S B
measurements and with SM weore | o B
LEP + SLD B . | —o— | ‘ 0.23153 + 0.00016

P2
sin eeﬁ



BSM Searches

21



Exotics

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Status: July 2017
Model

by Jetst E’;“SS [Ldt[b]

Limit

22

ATLAS Preliminary

[£dt=(3.2-37.0)fb™!

Vs =8,13TeV
Reference

ADD Gkk +g/q Oe,n 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 367 | Ms 86TeV  n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 M 89TeV n=6 1703.09217
ADD BH high ¥ p1 >lep >2j - 3.2 M 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
ADD BH multijet - >3j - 3.6 My, 9.55TeV n=6,Mp=3TeV,rot BH 1512.02586
RS1 Gk = vy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
Bulk RS Gk — WW — qqlv lepu 1J Yes 36.1 Gk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/RPP lep 22b23j Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(AMY - tr) =1 ATLAS-CONF-2016-104
SSM Z’ — (t 2epu - - 36.1 2’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' - 1t 27 - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z’ — bb - 2b - 3.2 Z' mass 1.5TeV 1603.08791
Leptophobic Z’ — tt 1eu 21b>1J/2 Yes 32 | 2’ mass 2.0 TeV r/m=23% ATLAS-CONF-2016-014
SSM W’ — v 1epu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — gqqq model B O e, u 2J - 36.7 V’ mass 3.5TeV 8v = CERN-EP-2017-147
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV 8v = ATLAS-CONF-2017-055
LRSM Wy, — tb 1epu 2b,0-1j)  Yes 20.3 1410.4103
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217
. Clttqq 2eu - - 36.1 A 40.1TeV 7, | ATLAS-CONF-2017-027
Cl uutt 2SS)23eu21b,21] Yes 203 [T \Corl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.5 TeV 84=0.25, g, =1.0, m(x) < 400 GeV | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oep, 1y  <1j Yes  36.1 Mined 1.2 TeV 84=0.25, g;=1.0, m(y) < 480 GeV 1704.03848
VVxx EFT (Dirac DM) Oe,u 1J4,<1]  VYes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
. Scalar LQ 2™ gen 2u >2j - 3.2 LQ mass 1.05 TeV p=1 1605.06035
Scalar LQ 3™ gen lep  =1b23] Yes 203 [CHESe0cew p=0 1508.04735
VLQTT —» Ht+ X Oorle,u 22b,>23j Yes 13.2 T mass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
VLQTT - Zt+ X leu 21b,23] Yes 36.1 T mass 1.16 TeV B(T—Zt)=1 1705.10751
VLQTT -» Wb+ X 1epu =1b,>1J/2) Yes 36.1 T mass 1.35 TeV B(T - Wb) =1 CERN-EP-2017-094
VLQ BB — Hb+ X leu 22b,23j Yes 20.3 B(B— Hb) =1 1505.04306
VLQ BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 B(B— Zb) = 1409.5500
VLQ BB —» Wt + X 1epu =1b,>1J/2) Yes 36.1 B mass 1.25 TeV B(B— Wt) =1 CERN-EP-2017-094
VLQ QQ - WqWq Tenu 4] Yes 203 1509.04261
Excited quark g* — qg - 2j - 37.0 | q*mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
Excited quark g* — gy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b,1j = 13.3 b* mass 2.3TeV ATLAS-CONF-2016-060
Excited quark b* — Wt lor2e,u 1b,2-0j Yes 20.3 fe=fi=fh=1 1510.02664
Excited lepton (* e p - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 DY production ATLAS-CONF-2017-053
Higgs triplet H** — ¢r Beut - - 20.3 DY production, B(H;* — tr) = 1 1411.2921
Monotop (non-res prod) 1epu 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

‘+Small-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]



Di-Jet Resonances, substructures

T TITTTTTTTTTT
T I T

ATLAS

* Look for new resonances using high Pt -

di-Jet in the central region of the S T
detector Swp
e Background estimated by a sliding
window fit K
— No significant excess observed X -~ Bl
. 2 mf[‘rev]4 56789#
* Look for substructure using angular f Gy g
distribution of two jets o SEE.
— v — 2lyia| A, Licost*
X = e 1—cosf* E'i ]
— Look for rise at low , high m, s%***ﬂf =
Limits on masses and couplings on many BSM scenarios [l T

Quantum Black hole 8.9 TeV (8.9 TeV) ATLAS
W’ 3.6 TeV (3.7 TeV)

Excited Quarks 6.0 TeV (5.8 TeV)
Contact Inter. (A) 9.2-22.4 TeV CMS
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41.4 17 (13 Tev)

New Bosons

E 10° 4\ paa ‘CMS‘ E ;frj 10 atias 4 Daa _%
= 10°k [ viz—ee Preliminary 10° s=13TeV,36.110"  CJ2v -
g 10* = ! £ W, WW, WZ, 27, 7¢ é o Dimuon Search Selection 5 ;?;Ogs:rks _;
. T TV == N [ dets E 1ot LRIV
2 ) — —2Z (4 TeV, E
* Di-lepton (ee, uu), o ER i AL
. ] é 107 —%
(ev,uv) final states offer .. EI .
10 H ‘ E
a very clean signatureto - 1
1075 | L L L Lo | ” 3 . . - S =
h f H 80100 200 300 1000 2000 2 14 T
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search

* No significant excess

observed :? I | — Obs. 95%|CL limit | §

g ------ Exp. 95% CL limit, median

N 107 .. I Exp. (68%) =

) : . [] Exp. (95%) .

. . B, K i

* Results interpreted in oL -z -
many models e.g.: - -z, ]

— M (Z ) >4.7 TeV 107
~M(Z,) >4 Tev
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Dark Matter

Searches in the Mono-

X final states
— One well

reconstructed object
with large Missing
Energy due to WIMP

— Many models

constrained up to 1-2

TeV

Searches also in the

Di-Jet final states
exclude up to 2.7
TeV for almost
whole DM range

Mono b Mono vy Mono Jet 5
b 4 [ 7 it q g X
\\/ a X
' X
H ;)7— 9dq 9x
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&7 T o
g [ () 4 K X
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W N q 2 G h
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\\ X
" \(
7 X q X q X
Mono Top
d /fu X9 t
v X
___________ X ———
¢ u b/a N\
s i £y i A
CMS Preliminary LHCP 2017
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é31600 g =10 Q=012 |
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w 1400 q_ !
8 gl 5 Exclusion at 95% CL =]
£ 1200 —
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o 3
g 1000 - - -+ Expected —]
© ____ Dijet (353" =
£ 800 [EXO-16-056] —]
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SUSY Searches 2

Selected CMS SUSY Results* - SMS Interpretation ICHEP '16 - Moriond '17

np—-§§,§ *qq?c:
PPT9 9,9 aar,
PPT99.9 mBb 1y
PP~gg,9 ~bbx,
P55 ~bb7,
b
PP99,9 i,
Pp—55.5 i
8

8

Gluino

Pp—35.5 ~tty

PP—5 5,5 ~tty
pp*ﬁi,ﬁj_ll_ﬂc}
PP—3g,g —bty®

ppagg,g — a6y} ~aqWy
PP=85,9 *qqzcj—’quzc
PP—99,9 ﬁuqqxjﬁqux
PP~ 5,9 ~aqa(x /% ) ~aa W2y
PP 99,9 ~aa(x,/%,) ~aa W2y
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pp—tt,t =ty
pp;ﬁ,’; -ty
ppﬁ.ﬁ,‘; -ty
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AT e 5
pp—tt,t —c %

PP =111 — bt 7 @body)
pp 1,1 ~bff 7 (d-body)
ppﬁt.'t;l"ﬁlzﬂ x'(tbotiyg
Pl i bW
pp—-lt,tax:babw’x

(Max exclusion for M, - M s <80 GeV)
(Max exclusion for M, . - M s, <80 GeV)

(s oxclusion oM <90 GV CMS Preliminary
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(Max exclusion for M, sp < 80 GeV)
L=129fb L=35.91fb"

er L
(Max exclusion for M, .- M s, <80 GeV)

Squark
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e e e

For decays with intermediate mass,
18 2| soft (Max exclusion for M, .- M sp <40 GeV) mlntermediate =X mMother+(1 -X)‘ mLSP
[ B M | IR . P IR I 1

0 200 400 600 800 1000 1200 1400 1600 1800 2000

*Observed limits at 95% C.L. - theory uncertainties not included Mass Scale [GeV]
Only a selection of available mass limits. Probe *up to* the quoted mass limit for jul ~0 GeV unless stated otherwise

Strong Production (Gluino and Squark) well tested: Limits in TeV range
Moving to electroweak production and non-conventional signatures

PPy w > WHY %
PP, x = WZy, %

o
1

EWK Gauginos




CMS 33.2-35.9 b (13 TeV)
Electroweek SUSY S s Trwoif (I8
O, 45 T, - Z T T, - WK, (BR=1), mg =(myo+m;o)/2 =
. =Observed + 16, %
* Complex Electroweak % | Epeded £ 16, 3
: — 3B/ N ; ! " a
signatures due to: ) / = . Higgsino | @ §
- < 30 3 c
— Complex mixing structure By | ] 2
. ; v I 1| E
— Low Cross Sections \\ | ERSEESE I ]
W . \\\ “‘ —: =
— Degenerate spectra o \ ‘ E S
(compression) - ) <
10 pp—— 0
e Use of very soft lepton in O e e ia igs s g T
final states . My, [GeV]
— Large backgrounds 5 . = i) ]
— Very good understading of N slepton  weeess |
detector response SO ATLAS ]
. < 30f V5=13TeV,36.1 b1
* Use of unconventional N spnrgewen
Signatu reS o E_ A S PP — (Ll p = X3, L€ [e.p1] __
— Disappearing tracks N S
100 150 200 250

m(l1,q) [GeV]

. . . ATLAS Simulation
Exclusion of Higgsino masses up to 170 GeV | |

Exclusion of slepton masses up to 190 GeV

(extending the LEP limits)




. 28
Conclusions

Already ~ 100 fb* delivered by LHC
— Only 3% of the full LHC program

Precision measurements in the Higgs sector start to
be feasable

— No sign of tension with the SM in the Higgs sector

Very high precision Standard Model measurement
possible also at LHC (M, M,__ +...)

Exotics and SUSY searches are extending limits both
towards high new particles masses and towards low
masses in compressed scenarios

top
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The ATLAS Detector 30
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The CMS Detector .
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The Higgs Sector: Coupling to Fermions

* muons
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The Higgs Sector: Coupling to Fermions

 Cand light quarks
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