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*The Standard Model
*The Higgs particle
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*Summary/Outlook
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LHC experiments are back in business at
a new record energy 13 TeV

3 June 2015

Run-2 starts

Total Integrated Luminosity (1)

«2010-2012: Run-1 at 7/8 TeV CM energy
*Collected ~ 25 fb!

«2015-2018: Run-2 at 13 TeV CM Energy

Collected so far at 13 TeV:~ 130 fb-!

*Expected by end of 2018: ~ 150+ fb-! Nl :
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CMS Integrated Luminosity, pp, 2018, Vs = 13 TeV

Data included from 2018-04-17 10:54 to 2018-08-30 23:16 UTC

- LHC Del vered 46.81 b !
CMS Recorded: 44.07 b '
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-08-30 23:16 UTC
—— 2010, 7 TeV, 45.0 pb ' 80
), | 2011, 7 TeV, 6.1 1
X | 2012, 8 TeV, 23.3 b 170
| == 2015,13TeV, 4.2 fb '
2016, 13 TeV, 40.8 b * 160

2017,13 TeV, 49.8 b '
m— 2018, 13 TeV, 48.3 b '
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It Started (flrst attempt) |
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The day the world switched on to particle physics
When the Large Hadron Collider circulated its first protons 10 years ago, it made headlines around the globe

What was it that drove one of the biggest media events science has ever seen, and is the LHC still able to capture the public imagination?
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LHC Operation 2018: Going Very Well!

gel Fill: 6714 E: 6499 GeV t(SB): 01:57:38 23-05-18 09:46:44

PROTON PHYSICS: STABLE BEAMS
6499 GeV 2.52e+14 2.58e+14

Inst. Lumi [{(ub.s)A-1] IP1: 16386.48 | . IPS: 15831.62 IP8: 431.68
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ATLAS & CMS Experiments

Si strip Tracker

Pixel Tracker v
2018: replaced DCDC converters 7
and 6 modul
: Hadron Endcap Calorimeter

2018: Upgraded HPDs—SiPMs in Endcaps

™ 2017: Upgraded HPDs—SiPMs in one 20° readout

Tile calorimeters
LAr hadronic end-cap an

NN . no forward calorimeters
Muon Detectors g 5 | —" Pixel detector
MMNIE—WTGAROS! Q ‘ ; . 0 T LAr electromagnetic calorimeters
- "/‘/’ 4 " N . Muon chambers Solenoid magnet | Transition radiation fracker
N\, N . Semiconductor fracker
20 IZ, e —ouws 2017 » New IBL detector installed in LS1(2013-2014)
7 4layers : e Tracking optimized for high-PU and high-pr environ-
/ /ii i ments
/ S il
= - » Better ML algorithms 4th insertable

N
\

2016

\\ o et 3 layers

2016~ v v vao

Large impact on b-tagging performance

N. De Filippis



Detector

Example CMS
(Niv - CMS Detector Status a

Istitets Rammale d Fisica |

Fractions of active channels high and stable since many years

‘ Detector Active Fraction
%2017 pp data taking (Sep)
Track * Pixel . ® 2018 pp data taking (May)
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LHC Publications: Exa

Total Exotica Standard Model Supersymmetry Higgs Top Physics

Heavy lon B Physics Forward Physics Beyond 2 Generations

~ 800 publications on
pp (and pPb/PbPb)
physics since 1/2010

793 collider data papers submitted as of 2018-09-02

About 100 papers on
Higgs studies!!

Paper 16 was the
discovery paper!

a7 TV Ln5 )
\seBTeV Lesaty

S/(S+B) Weighted Events / 1.5 GeV.

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

>8500 citations —~ -

Similar for ATLAS




Standard Model Measur

« Standard Model measurements forms an important part of
the physics program of the LHC!!

* Precision measurements allow test for a wide range of SM
predictions, and extract fundamental parameters (eg a.,)

— Requires matching precision at theory prediction side
« Important to understand backgrounds for searches for new
physics

Cross Sections Many processes studied: Examples
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o 1011 x 3 TeV, 60 ub”, Phys. Rev. Lett. 117 182002 (2
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8TeV, 20.3 o™, JHEP 01, 099 (2017) 8
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Inclusive Jet Production (13

arXiv:1711.02692

Differential cross sections with R=0.4
Jet p; spectrum consistent with predictions
from NLOJET++
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Agreement with NLO calculations over the full range, up to and beyond
2 TeV p jets... QCD predictions work well...



Jet Studies

Plenty of studies with jets!

Examples of studies/results Dijet invariant mass = 7.9 TeV

eAzimuthal correlations °ERTLAS

*Multi-jet production e

*Jet substructure and
boosted jet analyses

eForward jet production

eStrong coupling constant
a, determination

*PDF sensitivity and

extraction
® The highest mass ATLAS dijet

event recorded in 2015

10



Determination of alphal-

Many ways to extract alpha_s: 3/2 jet ratios, inclusive jets, tt-cross section..
Here: transverse energy-energy correlations and associated asymmetries
in multi-jet events. Select events with 2 leading jets with total H> 800 GeV

\
~ T ] ™ ] ]
% 0.14F ATLAS — TeEc2012Giobalft [N World Average 2016 — arXiv:1707.02562
e A == TEEC 2012 =d— TEEC 2011 n .
0.134{. 4 ~8= oM, - ousspimass e 8 TeV analysis
- \ == CMS inclusive jets 7 TeV === CMS inclusive jets 8 TeV | -
0 12:_ [] ii‘ . == CMS tf cross section == D0 angular correlations _: 'NLO eXtraCt|0nS
E [} .).:.:. .L‘\‘ == D0 inclusive jets E .Theory uncert.
0.1 T = i
: ahad | | : dominate
01 el E
0.09 N, - ATEEC is the
0,060 R difference between
~E L L - the forward and
0 10 backward TEEC

Q [GeV]

as(mz) = 0.1162 £ 0.0011 (exp.) "5 ooe0 (scale) + 0.0018 (PDF) + 0.0003 (NP), TEECs

as(mz) = 0.1196 + 0.0013 (exp.) T900%3 (scale) + 0.0017 (PDF) + 0.0004 (NP), ATEECs



W and Z Boson Produ
P /
Select final states with leptons Dt

X |

10 arXiv:1603.09222
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from the W - p+v decays

Z peak (di-muon pair
mass distributions)




W and Z Boson Prod

Measurements at 7/8/13 TeV with a precision of 3-4%
->dominated by the luminosity uncertainty!

| | B | I I I 1 | I I I L I | |
_8_ — ®  CMS Preliminary, 43 pb™' (13 TeV) W —
— — @ CMS, 18 pb™ (8 TeV) W+
m 4 O CMS, 36 pb™ (7 TeV) W_
X110 E_ B CDFRunll _E
b — 0 DORunl ]
[ A UA2 ]
T v Z
10° E PP =
— /4 =
- Pp N
| CMS-PAS-SMP-15-004 __|
— Theory: NNLO, FEWZ and NNPDF 3.0 PDFs —
B | | 1 | L1 I ] 1 | | | 1 L1 I | |
0.5 1 2 5 7 10 20
Center-of-mass energy [TeV

Many detailed EWK studies possible —and done-- with the large Z,W samples
- OSESSSEE



W-Mass Determi

« Measurement based on 7 TeV data (4.6 fb!). It takes time to get
the systematic uncertainties under control for precision!!

* Included ~14.10° W leptonically decaying W candidates
« Technique uses template fits to the W p; and m; predictions

« Calibration of energy scale, recoil response and efficiency
studies using the large Z sample. Modelling of helicity effects
constrained by W and Z data. arXiv:1701.07240

my = 80370+ 7 (stat.) £ 11 (exp. syst.) = 14 (mod. syst.) MeV
= 80370 + 19 MeV,

N LA m
——m,, =80.370 £ 0.019 GeV |

S
ATLAS ¢ Mu ® 805 -
« Stat. Uncertainty ) B m =172.84 £0.70 GeV
— Full Uncertainty EB ----- my=125.09 = 0.24 GeV -
80.45 = 68/95% CL of m,, and m, —|
LEP Comb. @-80376+33 MeV -]
Tevatron Comb. @-50387:16 MeV/ 80.4[~
LEP+Tevatron @-20385:15 MeV 80.35
ATLAS 1 paamummi 803 A i 88/95% CL of Electroweak |
e Fit wlo m,, and m, ]
Electroweak Fit 803568 MeV (Eur. Phys. J. C 74 (2014) 3046)
80.25 '

| | 1 | PR RS NS T N T N
80320 80340 80360 80380 80400 80420 175 180 185
my, [MeV] m, [GeV]



Events / 2.5 GeV

Rare Processe_

Large Z samples at the LHC allow for study of rare Z decays (eg

not observed at LEP): Z-> 2 leptons + J/y ¢
SM expected Branching Ratio 6.7-7.7x10"/ q c
Observed 24 events -> Branching Ratio 8x10-7 7 g JJ””
CMS 35.9 fb" (13 TeV) i
12__' """ |""|""|""|""’|'B'a'tg""| """" 4: £
ok BB sl £ 7 signal | arXiv:1806.04213
E - r— ég:ggﬁla%oﬁa?ﬁgd E Fu rther:
8- [N . B(Z—]/pLre)
6:— _ BZ S ptp i) = 0.67 = 0.18 (stat) £ 0.05 (syst).
4r- ]./\\ ]
2:_ _ /i b This is the rarest Z decay channel
: /s } observed up to date.
R AT T TR T, Background for rare Higgs decays
My [GeV]




Top Production

BR(t—Wb)/BR(t—*Wq)
W helicity
new decays

*The heaviest known elementary particle: ~173 GeV
*Coupling to the Higgs ~1 — Special role in EWK symmetry breaking?

LHC is a top factory with ~5.100 produced tt-pairs (run-1)
~3.107 produced tt-pairs (2016)



Top Quark Cross

Tevatron combined 1.96 TeV (L < 8.8 fb™) ..
CMS dileptonI+jets 5.02 TeV (L =27.4pb™) ~ ATLAS+CMS Preliminary

ATLAS en 7 TeV (L= 4.6 fb)
CMS ey 7 TeV (L 5 fb§ LHCtop WG
ATLAS ey 8 TeV (L = 20. 2 o)
CMS eu8TeV (L=19.71b")

—_
o
w

LHC comblned eu8TeV (L= 5 3-20.3 fb™") LHCtopWG
ATLAS en 13 TeV (L=3.2 fb Y
CMSeui13TeV (L=221f")
ATLAS ee/un* 13 TeV (L =85 pb )
ATLAS l+jets* 13 TeV (L =85 pb
CMS l+jets 13 TeV (L=2.2fb") =
CMS all-jets* 13 TeV (L=2.531b") ==

* Preliminary

ObPOra«am<doEONEO®

—_
o
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| IIIIIII

800f .

Inclusive tt cross section [pb]

700F .

=== NNLO+NNLL (pp) : ]

——— NNLO+NNLL (pp) S T T S
Gzakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV]
NNPDF3.0, m _ =172.5 GeV, i (M) = 0.118 = 0.001

10 =
: I | | 1 I | | | I | | 1 I | | 1 I 1 | 1

| 4
2 4 6 8 10 12

o~ IIII|

4
Vs [TeV]

Good agreement with the SM predictions up to the 13 TeV



Top Mass Determinat

ATLAS+CMS Preliminary Moo SUMmMary, Is = 7-13 TeV September 2017
LHClopWG
World Comb. Mar 2014, [7]
stat total stat
total uncertainty My = total (stat + syst) fs Rel.
ATLAS, I+jets (%) 172.31+ 1.55 (0.75 = 1.35) 7TeV [1]
ATLAS, dilepton (*) 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) 7TeV 3]
CMS, dilepton 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) LHctopwa 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 172.33 +1.27 (0.75 + 1.02) 7TeV [g]
ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7TeV [8]
ATLAS, all jets 175.1+1.8(14:1.2) 7TeV [9]
ATLAS, single top 1722 £ 2.1 (0.7 +2.0) 8 TeV [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, l+jets 172.08 = 0.91 (0.38 = 0.82) 8TeV [13]
ATLAS comb. “j:t:";;_ 172,51 = 0.50 (0.27 = 0.42) 748 TeV [13]
CMS, l+jets 172.35 = 0.51 (0.16 = 0.48) 8TeV [14]
CMS, dilepton 172.82 +1.23(0.19 £ 1.22) 8TeV [14]
CMS, all jets 172.32 = 0.64 (0.25 = 0.59) 8TeV [14]
CMS, single top 172.95 = 1.22 (0.77 = 0.95) 8 TeV [15]
CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 748 TeV [14]
CMS, l+ets 172.25 = 0.63 (0.08 = 0.62) 13 TeV [16]
DI ATAS ConF a3 077 ] EurPrys-dcr8 018y 330 ] . Fo0%0 o1 2004
(*) Superseded by results P B Ao ot 22 P g ) GuE PAS Tor 7 07
shown below th line e T e T
| | L1 1 1 | [ | | 1 [ | I B | | [
165 170 175 180 185

mtop [GGV]

Steady improvements over the
last years in Run-1

Precision reached now ~0.3%

Hadronization model uncertainties
one of the main limitations

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

Experiment combination under way

Note: the average value LHC
somewhat lower than Tevatron
one: 174.34 + 0.64 GeV

20



Top Differential Cross

Run-1 showed a difference in the p; spectrum of the top in data compared
to ME+PS predictions.
Better agreement achieved with recent NNLO calculations!

" 0.008— - —
> [ ATLAS+CMS Preliminary Vs=8TeV,Nov2017 ]
) - LHCtopwG =
S, 0.007 — = ATLAS, L =203 fb" —
s - EPJC 76 (2016) 538 -
o = 4 3
- e CMS,L=19.7fb -
E 0.006 - EPJC 75 (2015) 542 .
o) = " —— NNLO (CT14 PDF) ]
© 0.005 — -+ - wo=n_=m/2,m =173.3GeV -
E - arXiv:1606.03350 ]
— 0.004= A/ - = - approx. NNNLO (MSTW2008 PDF) —]
- Mo =W =M, m = 173.3 GeV ]
- PRD 90 (2014) 014006 ]
0.003 C s -~ DiffTop approx. NNLO (cT10PDF) ]
= W =W, =Myg,,m=173.3 GeV ]
0.002— JHEP 01 (2015) 082 =
0.001 R —
_T 1 : | : 1 : 1 I 1 } 1 : I ‘I 1 : 1 { 1 : 1 : : Il : Ij 1 : 1 : : 1 : 1 { 1 : 1 : : 1 : I_
> 1.4F CMSsiat@systunc [ o s
o
+ |3
S} % 18
% 0.8 :_‘ .“I"““I"“"l"“”l‘“I“l‘““.I."N'I“"“I"II L | l“‘ | L 'I“.“.I““‘I I I'“ Il 1 ”l“
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e/p+jets .
parton level

Pt

Data
Sys @ stat
Stat
i POWHEG P8
# NNLO QCD+NLO EW
=== POWHEG H++
st == MG5 P8 [FxFx]

(1]

« arXiv:1803.03991
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Single Top Pro

Wt associated production

by CMS and ATLAS.

Inclusive cross-section [pb]

10°

LHCtopWG

~ Single top-quark production
| November 2017

~ ATLAS+CMS Preliminary

t-channel

tw

s-channel

B ATLAS t-channel

PRDS0(2014) 112006, EPJC77 (2017)531,
JHEP 04 (2017) 086

® CMS t-channel
JHEP 12 (2012)035, JHEP 06 (2014)090,

PLB 772 (2017)752

O ATLAS tW
PLB 716 (2012)142, JHEP01(2016)064,
arXiv:1612.07231

CMS tW
PAL 110(2013)022003, PRL 112(2014) 231802,
PAS-TOP-17-018

* LHC combination, tW
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

4 ATLAS s-channel

ATLAS-CONF-2011-118 95% CL,
PLB 756 (2016)228

¥ CMS s-channel
JHEP 08 (2016)027 85% CL
% 748 TeV combined fit 85% CL

NNLO pis 736 (2014)58

scale uncertainty

NLO +NNLL prps3(2011)081503,
PRDS2(2010)054018, PRD B1(2010) 054028

1W: tf contribution removed
scale ® PDF @ a, uncertainty

— NLO NPPS205(2010)10, CPC191(2015)74
uEn=mg,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
W: p: veto for tf removal =60 GeV and u =65GeV

- scale uncertainty

w

scale ® PDF ® a, uncertainty =

[=]

I | | my,,= 172.5 GeV' 5

IIIIII

1

1

llllll

13

Most single top processes have been studied in run-1 and run-2

Is [TeV]




Top Charge Asy

ATLAS+CMS 1s=8TeV
LHCtOpWG T

tt asymmetry oal st AGHERLIar AN (Alye| > 0) = N(A[ye| <0)
ATLAS, I+jets - 0.0090 + 0.0044 + 0.0025 €~ N(Aly| > 0) + N(Aly| < 0)°

EJC 76 (2016) 87

CMS, l+jets (template)  HeH 0.0033 + 0.0026 + 0.0033

PRD 93 (2016) 034014

ATLASSCMS, l+jets el 0.0055 + 0.0023 + 0.0025 Alyl = |ye| — |z

LHCtopWG

MS, | foldi .0010 + 0.0068 + 0.0037 :
SIS, ise Juicding)——4 20010 20.0808 959 LHC 4 top
ATLAS, dilepton A +—s—+— 0.021+0.011£0.012 :
PRD 94 (2016) 032006 anti -tOp
CMS, dilepton A H—fo—H 0.011+0.011+0.007

PLB 760 (2016) 365 +0.0005
QCD NNLO (+ EW NLO) 0.0095; 4447 4

based on arXiv:1705.04105, JHEP 04 (2017) 071, JHEP 05 (2016) 034

ATLAS, I+ —— : i
e, anﬁibé’?ss%ge) 0.042+0.019 + 0.026

PLB 756 (2016) 52 i

QCD NLO (+ EW NLO) 0.0160 + 0.0004
JHEP 01 (2012) 063

dilepton asymmetry

ATLAS, dilepton Al Wl - 0.008 + 0.005 + 0.003

PRD 94 (2016) 032006 - -
CMS, dilepton Al H—et4 0.003 + 0.006 + 0.003 This was a hot topic a few

PLB 760 (2016) 365

QCD NLO (+ EW NLO) 0.0064 + 0.0003 years ago. ©

PRD,86(20)2)p34026 | , , , | I | | AN B BT R

| | | | | |
-0.04 -0.02 0 0.02 0.04 0.06 0.08
A No worries at present ...




Summary: Cross Sectl

Standard Model Production Cross Section Measurements Status: July 2018
E‘ AO total (2x)
O 10M Eoag me ATLAS Preliminary
—_ - Theory
b o Run 1,2 /s =7,8,13 TeV
106 e LHC pp Vs =7 TeV
Ko pp Vs=7Te
e Bl oata 45491
10° o
N
pr >25 GeV LHC pp Vs =8 TeV
10* L2 0 B a2 202203
Ao
103 pr >125 GeV 'fgf -D-_n,ﬁz_o CI- LHC pp vg = 13 Tev
a O O Bl a2 327980
pzloﬂ GViZ2  p>1 to'n: _— -WD-W
102 azr | O aal R
o 23 2 we wz 10 iotal
R - ' S g 8§20
10! o | oxe o 8
o nn 4 o "/92: I H bb Wy
25 [z TSP schan "
1 Gg™ Sl . - Dﬁoi
Sl ol g I 2 -l'n' o
e =7
10_1 'Inj>s st D HiBF - ' h !Q
n=>8
] 'D‘ mw
'lm>7 njz6 n Hll “— o
=YY
1072 = | a

[ o IY

rﬁz—.u _._

102 2 I

PP Jets 7 w z tt t VV 7Y H WV VyttWttZ ttH tty 7Y Wij Zjj WWZyWyywwy ZyjjVVjj
EWK EWK Excl. EWK
tot. tot. tot. tot. tot. tot.

All measurements in good agreement with the Standard Model predictions!!



Measurements of New SM Pr

arXiv:1709.05822

3591 (13 TeV)
—

—T—
—fy, A =042TeV*
—eefrg [ A =061 Tev?

Others CMS

Preliminary |

RN

EWK WWijj production

Events / bin
=

Many other processes eg in top sector: ttW, ttyy, ttbb,...

Examples

Wyy production tZ production

arXiv:1704.00366 arXiv:1710.03659

19.410" (8 Tev)

-
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Select ultra-peripheral collisions in PbPb CMS-FSQ-16-012
Exclusive 2-photon final state selection kD Pb”

Small acoplanarity (< 0.01)
Small diphoton p; (<1 GeV) oo

14 events found, 3.8 background events est. 7 ng
Similar to ATLAS result: arXiv:1702.01625 !

-

Y

Pb Pb®
- PbPb 390 pb" (5.02 TeV) 30 PbPb 390 ub ' (5.02 TeV)
o 390 —
pac 30: —s— Data cMS > T —=— Data
=~ | I byLyy—vy(MC) Ay o CMS
= 050 o Preliminary O 50 B LoyLyy vy (MO) Preliminary
2 °°r [ ]QEDyY—e'e (MO) T [ [_]QEDyy—e'e (MC)
) C CEP (gg — 7 7v) + other bkg — r .
7 20F @ 20 [ OFP @07 +othertig arXiv:1305.7142
C ) C
15[ 15[
10F -
of

-2 -15 -1 05 0 05 1 15 2
o 1 2 3 4 5 6 7 8 9 10
photon n photon E_(GeV)

Tha(yy = 7y) = 122 + 46 (stat) + 29 (syst) + 4 (th)nb,{ TH  cra(yy — 77) = 138 £ 14 nb.




Higgs

= CERN & @CERN
A Happy 5th anniversary, #HiggsBoson! It’s been 5 years since we announced your
discovery: cern.ch/go/gm97 #HiggsStories

The party 6 years ago What happened since?



2012: A Milestone In Particl

Observation of a Higgs Particle at the LHC, after
about 40 years of experimental searches to find it

> 35 _c?‘s[ PI‘TGHI":'Iil'IIEI"!'] f;=1 ! ;rs\i’- I.I = ?‘1 llb_; : ‘TE =l 8 .Ire\](- Ll= ‘:gv? rbl-_‘ %7 180i \\\\\ "‘ L I I L B ‘_, -

8 " P 3 fenewnin e 3 2014: Higgs Boson
30— + — = n S/B weighted sum — Signalsbackground .

= % B | e SFREew Tzl well established.

= o5 ¥ _‘ 120 — Signal 3

% : []m,=126 GeV- 100 m=1macey
20p E 1 Most accessible
15} 1 channels studied
10} . E
5t .Observation in WW,
. 1 ZZ and yy channels

160 180

tau tau at the limit
.bb and ttH not
observed in Run-1

my, [GeV]

H-> gamgam
H-> ZZ
H->WW
H-> bb
H-> tau tau
H-> Zgamma
H-> mumu
H-> invisible

2018

I Results released
. In progress




Brief Higgs Summary fro

We know already a lot on this brand New Higgs particle!!

T y CMS weekvesaw'ey o . 1 B Tew o7
£ | ATLASand CMS — ey | < A lAnasandcms | | | g [
T_;: 67 LHC Run 1 :gornﬁ;;yw 7 oo LHC Run 1 -E 0‘13_ io’
1 5_* Sti‘-O:f"Vu;Gﬂﬂ- ] fes%m % E — CMS data
A3 e § "% R
2— — _,__ oot l:i‘%
f ; —é ! [Ocombined [JH-yy 0'025_ L‘L
; ‘‘‘‘‘‘‘‘ T l:' A ] . _ob[Hezz  [JH-ww [ _
Qs 1245 125 1255 25 10 20 30 4 50 e [Den O T 2 %W e 0w
7,6 Fi (V) b T log(LWP = 0%)/LUT = 07))
B
Mass = CMS+ATLAS Width Couplings are Spin =
125.09 +0.21(stat) < 24 MeV within ~20% of  0*(*) preferred
+0.11(syst) GeV (95%CL) the SM values over 0,,1,2

We continue to look for anomalies, i.e. unexpected decay modes or couplings,

multi-Higgs production, heavier Higgses, charged Higgses...
GG



Higgs: ATLAS+CMS Com

Production process Measured significance () Expected significance (o)

VBF 54 46 The Run-1 HIggS LegaCY!

WH 2.4 2.7

ZH 23 2.9

o " 12 arXiv:1606.02266 /
Decay chanel < y JHEP 1608 (2016) 045
H - bb 26 37 5153 authorsII

I ll'l.l Ic

ATLAS and CMS -®- ATLAS+CMS > T T T
LHC Run 1 = ATLAS & |: 1E ATLAS and CMS
B . ~+CMs ¥ [ LHC Run1 =
. S PR N Physics paper sets record with
—— g 107 Imore than 5,000 authors
B Eu- Detector teams at the Large Hadron Collider
uz e coliaborated for @ mare precise estimate of the size of
H the Higgs boson.
L i 102k
e } ATLASCMS |
B S o, SM Higgs boson |
w e L - — M, it The neWIy found boson has
L : [ 68% CL ] .
. a Ceea properties as expected for
" e e e 104y . N 3 .
R R (T B TN B T R T 107 1 10 e d Standard MOdeI nggs
Parameter value Particle mass [GeV]

Signal strength/SM: | u = 1.09%) 15 = 1.0970707 (stat) *0 04 (expt) *o.0; (thbgd) Do (thsig),



Narrowing Down on the Hig_

« New estimation on the Higgs Width of the Higgs  arXiv:1808.01191
based on comparing the off-shell and on-shell signal strength

« SMwidth at 125 GeV is 4.1 MeV

« Off-shell channels: H-> ZZ 4leptons and H->ZZ-> 2| 2v with H
mass above 220 (250) GeV

pe—H—ZZ* Kz 1 Kz O_gg—)H*—;ZZ
on-shell gon-shell  "Z,on-shell _  off-shell _ 2 )
Hon-shell = — g 77 = T ﬂ-sm : Hoff-shell = gg—H*—ZZ ~— "goff-shell KZ.off-shell®
on-shell,SM Hi*H off-shell,SM
Expected E :IIII|IIII|IIII|I--I_lllllll|ll_
Observed Median 41 o oy £ 14:_A'TLAS T Expecad S ol :
77 — 40 analysis 45 43 [3.3.54] [27.7.1] job Sz o ARy Doy
Uotishe  ZZ — 262y analysis 53 44  [3.4,5.5] [2.8,7.0] Ko cnat = g, ctoet .
Combined 3.8 34 [2.7.4.2 10
Combined . . [2.9,4.8] 8-
Combined 43 41 [3.3.5.6] &
4f
-> Higgs total width limit < 14.4 MeV obs. 2
- I—a-l"ﬁ?’l [ A | |
(15.2 MeV exp.) e




Higgs Results @

Higgs kinematics differential distributions

arXiv:1805.10197

s E ‘ ‘ ¢ HeZZ a4l E 70 ‘ HeZZ'mdl
8 2 :TL;‘ZS H ¢ Combined = F :TL‘;ZS H ¢ Combined H Yy a n d
272 H— b Heyy ® FH—>2Z2Z H-— b Heyy >
%. 1.8 T [ HRes + XH = 60 F LS Gmi NNLOPS (K = 1.1) + XH
= b 13 TeV, 36.1 fb e NNLOPS (K = 1.1) + XH o F13Tev.36.1f I MG (K = 147) + XH
= 1 G5 (K - 1.47) + XH E 50(— [& SCETIb + MGFMS + XH ZZ I t
° o [ RadiSH + XH E 49665 XH = VBF sWH4 ZH. tHsbbH H 9 94 e O n S
E 1.4 55954 XH = VBFAWHZHUIHIDDH p

e
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~
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.
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(=]
T

16 e 1.6fF =
g Ty ok NN A :
Pt Tt s Toe b o
= . S 61— i
o230 45 5 87 120 200 o o3 o5 v Tz 75 s
P! [GeV] ||
(a) (b)
g a3 5. T Total Higgs cross section
S emace LI 0 8 aLman tEme 3
13Tev,36.106" Lo (o 11 E = F18TeV, 361 M0 S NNLOPS (K= 1) + XH
- B LST*Ufg'g (stat.) *3-3 (syst.) pb
3 ; i E : .
:—ILH'} M'I E 0.8/ =
ul I - . .
= Ly | ST Y S S 1 Results in agreement with the
B kb ] 0.2F “" Ll E
| et e Gtandard Model
: e bl bl 4o +.E 5 oE o {. ......... bt
= C « Mo = 06 -
—0 i 2 . s 30 55 75 120 350
N P} [GeV]




Higgs Results @ 13

Combination of all Higgs production/decay channels at 13 TeV
Check overall consistency of the couplings (CMS only)

CMS Preliminary 35.9 fb' (13 TeV)
T 7 7 " 7 [ L S

CMS Preliminary 35.9 fb'' (13 TeV)
IR T T T T T LR | T

i wz - < I |
[ 2
| HIG-17-031 |
107 2016<->run-1 data:
b .5l Cross section ~ x 2
1072 . I . .
....... SM Higgs boson | _ Luminosity ~ x 1.5
3 — [M, ¢] fit | i ANy ]
10 [ J+1o 1 _
4 | J+20 ] I
> 10_4?.. | Ll L L |
5 15p e i ]
"9 1: - " .H O-S_E]H_)bb DH_m o Bestfit Y SMexpected -
O 05F E L B~z By |
.E; 0'”| o L o ] L QH*WW DCombined Dwregion s 20 region
E 1 5 L ) ! L | s L I L | L L L )
10 1 10 10 0.5 1 1.5 2
Particle mass [GeV] Ky
. . . 0.10
Results in agreement with n=117"51

the Standard Model | =175 (stat.) To2 (sig. th.) T0° (other sys.)




A lot happened recently... -

CERN Press Release 4/6/2018
The Higgs boson reveals its affinity for the top

quark
’ y -
ATLAS [ Y - | pp— ttH
- & 3 kl‘t“ — +\7e+_\n+ Th*+ Ve
:Vv:’—’ b+q‘:q_vu jet
" I b

jet .,

=* _

-jet .\




Higgs Results @ 13

ttH production: Combination of all Higgs decay channels
and combination with the 7/8 TeV data of Run-1

arXiv:1804.0261
. LI N [ L L I L L L Y I B 51" (7 TeV) + 19.7 ib™ (8 TeV) + 35.9 o™ (13 TeV)
arXIV- 1806-0425 ATLAS I CMS @ Observed
oo Total =~ Statt [ Syt — SM :f}g ::;;)@SV“)
Ys=13TeV,36.1 -79.8 0™ W i 5 20 (stat @ syst)
™) — -
Total  Stat. Syst. L :
tiH (6b) |-—|-| 079+ o5 (= ¢% ,£053) BHEZZY B
. ﬁH(W) -E—*—
fiH (muttilepton) FES== 1562 qi (% 0% % 07 ) - s
fH(1T) ——————
H (yy) boe— 139% g (= 0% % o ) T 5
fiH(bb) —————
iH(zz) <1.77 at 68% CL 748 TeV o t——
Combined f—— 1322 02 (20.18,= 2 13Tev -
1 1 | 1 | 1 l 1 1 | 1 1 | 1 | 1 1 | 1 | 1 l 1 1 | 1 1 CombiHEd
e b b v by s b v by s b by
-1 0 1 2 3 4 4 0 1 2 3 4 5 6 " 7
SM ttH
Oy O

Observation of ttH production with:

— Run-2 alone: 5.8 ¢ significance (4.9 ¢ expected) 7+8+13 TeV data
— Run-1 and Run-2 combined: 6.3 ¢ significance (5.1 ¢ expected o +0.31
s ( = L Mg = 1.26 Ty

Observation of ttH! __Significance = 5.9c (exp 4.2c )

Results in agreement with the Standard Model -



A lot happened recently...

' CERN Press Release 28/8/2018

Long-sought decay of Higgs boson observed

CMS, Vs =13 TeV (2017) —
b-jet / ~
" b-tracks

-

b'jEt .\ [V

s
=

. \ ¢
-
pp-»TH
L ~p+b e*
e*+e




Higgs to bb D

* Combination of CMS H—>bb measurements : VH, boosted ggH, VBF, ttH

Measured signal strength is u = 1.04 £ 0.20 Significance
5.50 expected

5.60 observed

77.2 16" (13 TeV) <51 (7T TeV)+< 198" (8 TeV)+ <7721 (13 TeV
%]
2 CcCMS s Observad
E L ¢ Data —
5 L CMS %% S+B uncertainty H-+bb — :z Emﬁ sl
B i Supplementary @ VH Hobb
Ec, 1000 [ ]vzz-bb ; stal  syst
'g B2 S+B uncertainty gafF 280+ 208+ 1.30
@ Excess compatible 253 40,08 ,
e ——
2 with the sum of the vae E R
7] I
: two peaks :
P | — 0.85 + 0,234 0,37
500 |- :
' WH | — 12440294024
H| - 0.88 +0.24 4 0.18
0 ;
T Combined - 1.04 £ 0,14 £ 0,14
I S [ S R R R S | R M| Lo Loied 1 b I ol il
100 120 140 160 0 1 2 3 4 5 & 7 8 9
m(jj) [GeV] Best fit 1}

Excellent agreement with the Standard model... again...



Higgs to bb De

arXiv:1808.08238

-g. 1 85_I |AITILIA|SI LI | LI I LI | T I_I.l IDaItIa | LI ‘ LI | I_E
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More Higgs Stu

HIG-17-023

CMS Preliminary

| —e— Observed

35.9fb" (13 TeV)
T

SM

T
1.4

-
n
T

r --2- Median expected

[ - 68% expected

95% expected

o o
» @ —
T

o
'S
T

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

o
o [S)

Combined VBF-tag Z(l)H-tag  V(qq)H-tag  ggH-tag

arXiv:1712.02758

S
GD|M-nucIeon [cn12]

Higgs decay to invisible

arXiv:1802.04329

Higgs decay to charm search

&

' ELT
CMS Preliminary

s

Higgs decay to py and ¢y search

Branching Fraz:tion Limit (95% CL) | Expected | Observed
B(H — ¢y)[ 1074] 4.2+ 8 4.8
B(Z — ¢y)[ 1079] 1.3+ 0.9
BH — py)[1074] 8.4+41 8.8
B(Z — py)[ 107 ] 33%° 25

L
+ Data

>
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Sl ———rg 4 :
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Search for LFV Decay

. * Comparable sensitivity
/ from all channels
< + B(H — ut) < 1.51% at 95%
LFV

« Large improvement of
previous limits

Background-only

p-value of 0.010 (2.4 o) |

- Best fit

B(H — ut) = (0. 84+g 39)%.

arXiv:1502.07400 Recall: Results from the 8 TeV

e, 0 Jets
1.32% (exp.)
2.04% (obs.)

wt,, 1 Jet
1.66% (exp.)
2.38% (obs.)

u,, 2 Jets
3.77% (exp.)
3.84% (obs.)

Mt 0 Jets

2.34% (exp.)
2.61% (obs.)

M, 1 Jet
2.07% (exp.)
2.22% (obs.)

T, 2 Jets
2.31% (exp.)
3.68% (obs.)

H—pt

0.75% (exp.)
1.51% (obs.)

L} I T T T I T L]
® QDbserved

» Expected

- [ expected - 10

E’E:poeudazu

19.7 b (8 TeV)
T ] L T L

e
B
K
| g—
O,
P | T R R R
0 4 8

2 6
95% CL limit on B(H—ux),

Mild excess giving a 2.40 effect in Run-1... What about 2016 data?

10
%




Search for LFV Decays:

The 2016 data does NOT show an excess

CMS
I\EII

35.9 b (13 TeV)
LI | L L

T, 0 Jets '
0.51% (0.43%)

ue, 1 Jet I

0.53% (0.56%)

T, 2 Jets 'I

0.56% (0.94%)

HT, VBF '
0.51% (0.58%)

h—ut: BDT fit
e Observed

X Median expected
- 68% expected _

D 95% expected

ut, 0 Jets l
1.30% (0.83%)

ne, 1 Jet .
1.34% (1.19%)

nt,, 2 Jets
2.27% (1.98%)
ur, VBF

1.79% (1.62%)

H-pt *
0.25% (0.25%)

4

6

8 10 12

14
95% CL limit on B(H—ur), %

T, 0 Jets
1.04% (1.14%)
T, 1 Jet
1.74% (1.26%)
BT, 2 Jets
1.65% (2.12%)
HT, VBF
1.30% (1.41%)
ut, 0 Jets
1.08% (1.01%)
T, 1 Jet
1.35% (1.47%)
T, 2 Jets
3.33% (3.23%)
T, VBF
1.40% (1.73%)

H-pt
0.51% (0.49%)

arXiv:1712.07173

35.9 fb' (13 TeV)

h—pt: IIo|‘mI fit

e Observed

X Median expected
- 68% expected —
|:| 95% expected

® It would

Have been

0

2 4 6 8 10 12 14

95% CL limit on B(H—sut), % Nice...

Observed (expected) limits (%)

Best fit branching fraction (%)

BDT fit M, fit BDT fit M, fit
H— ut  <025(0.25% <051 (049)% 0.00+£0.12% 0.02+0.20 %
H—er <061(037)% <0.72(056)% 030+£0.18% 023 +0.24 %




NMSSM Higgs inspired search in mass range 12-70 GeV
-Search for bump in muon pair mass spectrum with associated b-jets

-SR1: 2 muons + one central and one forward jets (|n| >2.4), atleast 1 b
-SR2: 2 muons + 2 central and no forward jets, at least 1 b

Search for New Reson

CcMS 19.7 fo' (8 TeV) CMS 19.7 b’ (8 TeV)
% IIIIIIIIII % Fr T T
1) 10* +Data SR1 ; 15, 1o - +Data ]
o BDY : o ; EDY SR2 E
~ ~ E
10° top quark - r top quark
2 [ 3 *2103;- mvv 3
2 S f E
102 E I.IJ102§, .
+ 1 F o
10 4 10
L2J1l§ 1 I+*+l* ]+*| 1 1 j |+ (2)1'§ +| I+¥|+ |+ 1 *I ’*-
?@o‘éE#’h iy ++§++ byt **"’“""’“'1 §0§+w tY +" R
[N w Y.
a 20 30 40 50 60 70 80 90 100 a 20 30 40 50 60 70 80 90 100
m,, [GeV] m,, [GeV]
L — SR 2T U BT S L 3
8 SR1 = Signal+background fit 1 '_ SR2 = Signal+background fit _:

===+ Background-only fi

..... Background-only fit

arXiv:1808.01890

8 TeV Data

Both regions are independent

Excess seen in the both
regions around 28 GeV

SR1: 4.2¢ local significance
(~3.0c global sign.)
SR2: 2.96 local significance




Events / 2 GeV
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Search for New

CcMs 35.9fb" (183 TeV) cMms 35.9 b (13 TeV)
L T T T T T T T T T ] > 5 L T T T T T T T T ]
+-Data SR1 8 10°F 4pata SR2 3
[ oy N o~ F oy
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CcMS 359" (13 TeV) CMS 35.91b' (13 TeV)

S 120 T e 5,160 e e
8 SR1 = Signal+background fit 81 4 i SR2 = Signal+background fit ]
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~40

Are the 13 TeV data a killjoy? ©

Reso

13 TeV Data

....No significant deviation..

5 (TeV) 8 13
Event category 5R1 SR2 5R1 SR2
Local significance (s.d.) 42 29 20 1.4 deficit
Ns 220£76 228+95 145493 -149+101
Ng observed upper limitat95% CL 404 47 369 322
Ns expected upper limitat9%5%CL 183 276 276 356
£ 027001 028001
Integrated luminosity, £ (fb ") 197405 3BI9£09
0xg (fb) 41+14 42+17 14409 -15+10
Observed upper limitat 5% CL (b)) 7.6 84 3.7 32
Expected upper limit at 95% CL (fo) 34 52 27 35

cMS 19.7 fb" (8 TeV) and 359 fo' (13 TeV)
SR1 0 o
i Fiducial cross
T o Ve | section and
13Tev | . B 68% expécted
eperimiy  eeneied | Yprediction’
ngTeUx2_5
- for 13 TeV
ﬁngevX‘l_E —— el CO——L
| —-tig
oBJev e —1:2(;
IOHHEI H10HH1|5””20

Fiducial cross section [fb]




Search for New Res
If the effect in the 8 TeV data is real =>

- What makes it ‘invisible’ at 13 TeV?
Some possibilities include:
- effect of the jet veto in SR2 (pile-up?)
- kinematics / acceptance (depends on the model)

-Unclear what it is (too large rate for eg bbA or AA production)
- A new scalar, also affecting g-2? (see arXiv:1808.02431)

Z—bb+X

t ALEPH archived data: iy
— exp(-a"x)
—— exp(-a,%-a,"x’)

-Anything like that reported before?

- Maybe... see A. Heister, using public
ALEPH data

arXiv:1609.06536/unpublished |

Events / 1 GeV

exp(-c O‘In (x))
eo*exp(-cl*ln(x)z)
_— e,*exp(-czﬂn(x)“)
——— TKDE
= TKDE+10
—— TKDE+20

-Next: More 13 TeV data to come h

Other experiments can have a look, 5 = 2 © s 4 4i[ee\ﬂ°
especially @ 8 TeV




How to Become an Ambulance Chase.

LAWY

L mee——mewmase
° AMBULANCE "W

Remember the 750 GeV bump in CMS and ATLAS??
-> End of 2015/early 2016




A New Particle at 750 GeV: X

Excitement in December 2015
->Some excitement on an mild observed excess in both
experiments for a diphoton mass of around 750 GeV

ATLAS-CONF-2015-081 CMS EXO-15-004 CMS Preliminary 12.9 b (13 TeV)

> IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII #Run2Seminar and subsequeat y-related arXiv sal
D)
> e Ty 510 ) o THpaperproductlon
& ATLAS Preliminary S F 1sd
g \ o sn 2015 > F ‘—‘zs-d- ;
by @102 *&s.a.
£ \ —— Backgeound-only fe &
|E Y D ol 2016
- E
9 5=13TeV. 32" g
", = -
. . 1
—! C
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3 E=
. o
1 i i i i [ g 2r
550 400 T BOO BOC 1000 3500 1400 400 600800 100012001400 160018002000

m,, (GeV)

2015: Statistical fluctuation? A new resonance? ?7?
2015 data: CMS: 3.4 ! ATLAS up to 3.9 o ! (local significances)
2016 data: 13 fb-! CMS and ATLAS Nada!!




Search for a Di-photon Res

I EXO-17-017 The search with the full 2016 data

. . -1
- CMS Preliminary _ 35.9fb” (13 TeV) CMS Preliminary 35.9 fo™' (13 TeV)
qJ ¢ Data 5‘\ 10 E T T T T T I\ T T T E
© — Fit model = F % = 0.01, J=2 .
R10°E 15.d = N imi -
= + .a. > - \ - = = Expected limit ]
o r +2s.d. T - . \ 1o i
q:) 102 E_ O - \ +20 7]
L|>J - T \ —— QObserved limit
10 E g 1 E_ \ — = Ggg—vy (LO) _E
; Al > F ]
1 £ L -
: ®)
32 L - —]
% 10 - \ ]
- \ ]
i \ i
1 Il 1 1 1 1 1 1 1 1 | 1 \ 1
500 1000 1500 2000 2500 3000 5102 10° 5x10°  3x10°
m., (GeV) mg (GeV)

still
2016 data: Full statistics CMS ... nothing special




Is 96 GeV the New 75

August 2017: A search for X->yy at low mass

An 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 excess at 95.3 GeV

CMS-HIG-17-013

CMS Preliminary 19.7 1™ (8 TeV) + 35.9 ™ (13 TeV)

% 16_—1 T LI I I I B [T [T .__
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© -
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o
ho
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my, (GeV) m,, (GeV)

So far seen only in CMS. Waiting for the ATLAS data to be released... © !!




Is 96 GeV the New 75

ATLAS CONF 2018 025

CMS Preliminary 19.7 fo™ (8 TeV) + 35.9 fb™ (13 TeV) °) 290 T A | | | 3
E 1 -6 T | 1 0 1 I T T 171 | UL L | | P e l T T 1T : — ATLAS P[ellmlnary Ob -
PRZ I L 1 @ = Observed "
£ Lk o w e o 200:— Is=13TeV, 800" e Expected E
M 5 Expected + 1o & 180F Xoyy Wt 1o =
i 12‘ """ ExpectediZG_— 8 160:"’ Di20 _:
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S~ . T 140 -
= 1 E C b
5 | _ 120 e
= o8 & 100- -
e - C .
T o6 o 80F E
" (@) 60 =
% o OO :
0.4 3 =
5 ;
0.2 201 =
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CMS PAS HIG-17-013

Probably not... ATLAS does not confirm the same size of effect...
Let’s see with more data...




Higgs @ 13 TeV In

« Higgs patrticle is still there ! ©

CMS

35.9fb" (13 TeV)

> ™ I TT 7T TTTT I TTTT TT 17T I TTT7T ‘ TTT1T I TT 1T AN o . A S S S S B E S S S S S S B S S B S e
o 70f o ¢ Data ATLAS Preliminary -
o f ¢ Data ] g | ooBakgound o E=13ToV, 361"
60 [ Hazs) . T s oo m=120098eV
2 I:l qq-22, Zy* ] o C n(1+S/B) weighted sum ]
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H 40
> ;
YY b
20 s
g E
101 P
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40 150 160
m,, (GeV) m,, [GeV]

* The mild deviations 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!

{4 = 1174000




Physics Beyond the Standard I\/Iod.

Important SM parameter — stability of EW vacuum A Higgs at 125 GeV
" _— g X 12065497 Precise measurements of the
oo QOEE— top quark and the Higgs mass

2 B 7 arXiv:1403.6535
@ 176 F : ; ; ¥ 3] .
SmpE T w e e We also know that:
. 174' ' Universe content
é : Mew_sxéténny. - 1.-2:3}};; = ] ;i;ib'e mq_ﬂ 5%
2:172;'/ i N2 15500 ] v 9 .
= [ o dark matter 27% %
170F" i
B ] “
1658 Stability 1 dark energy 68%
IGSL ..................... ] :
120 122 124 126 128 130 132

Higgs pole mass M, in GeV

New Physics inevitable?
But at which scale/energy?

E) —L \ Y 1 -+ jﬁji) under exploration r.i-g-llt_l:.c:\:v__'
('/dt f/lﬂ' C i
e ﬁ J{ Searches!!

. 0 500 1000 1500 2000 2500 3000 3500 4000
N. Arkani-Hamed

particle mass (GeV)




Searches for BSM Physics




New Physics”

-New Gauge Bosons?  gypersymmetry ZZ/WW resonances?

j cMS ]
3 -' e o ~ Technicolor?
g le = T ] ‘\ N s I sore
% 2 - -1 - : — S 20 z

JL=0.1fb! - Sy 1 r
-QE; : - 215 f 99z (W e e
E Wiz ;.f"_ﬁ

entries / 106GVt

-
.......

400 E00 00 1000 f?ﬁp_ 1400 1600
W mass (Gel)

Little Higgs? :
Extra Dimensions? Hidden Valleys?
— o T—=Zt =l blv .
; 48 A TMS —) A Conceptual Diagram
3 s 300 fb-! ‘m~'
% 2.5
P L— q

Il by mass (eeV) ——

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



Supersymmetry: a new symmetry in Natur

e?

Standard particles SUSY particles f >

Universe content

visible matter 5%

S — o=

dark energy 68%

+ N ‘.
-~ ]
~ : ) w .
. ' i \ - dark matter 27% ~ SAE
-- o"' - "
" e
+ Y .

SUSY particle production at the LHC



Supersymmetry: Gl

Interbretation in simplified models (SMS)

PP = G0, § = aaX°  Moriond 2017 pp — §g, § = bbX® Moriond 2017 pp —> 339, G —=>tt X}  Moriond 2017
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No significant signal to date
Within the context of the SMS:
Exclude with gluino masses ~ 2100 GeV for neutralino masses up to 800 GeV



Supersymmetry: Glui

Gluino production with decay chains with direct decay to the lightest SUSY
particle or via cascade chains.

(3('*)—1x(m(~)+m620)) December 2017 I\1_|=1|3IT1|3VI 3l2|- (?6l1 flb: SN II\Iflarch 2018
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I 1-lepton: arXiv:1708.08232 o ’
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No significant signal to date
Within the context of the SMS: Exclude with gluino masses ~ 2000 GeV




Top Squark Search Su

Partner of the top quark — the stop— plays prominent role in Natural Models

T, production, T—= b f 3 /T— c 7 /T Wb /T—t % May 2018 o~ o~ s
{ g : 1| T | LI l1 | 1T |1 | |1 LI 1I T 1| T I T } T 1| | T |1 T | L I LI I T | p g tt t - t X(‘l) Morlond 2017
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Within the context of the SMS:
Exclude with masses up to 1100 GeV for neutralino masses up to 500 GeV
Sensitivity is ~ 200-400 GeV better than Run-1 reach & gaps being covered

Is this getting critical for Natural Models??-



Chargino and Neutralino Pr

700

600

S
(]
S,
W
£

500

400

300

200

100

l Exclude masses up to 1100 GeV for neutralino masses up to 700 GeV
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Direct production of “electro-weakino pairs
*Decays via sleptons /sneutrinos
*Using benchmarks to illustrate different scenarios
*Multilepton searches (incl. taus)

Observed limits at 95% CL

~p~_
Yoo via
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Chargino and Neutralino Pro

Chargino—neutralino pair production in WZ +MET channel
*Address scenarios with small mass-splittings between

the parent particle and lightest SUSY particle plus Z
eUse a new reconstruction technique: Recursive Jigsaw Reco

Signal region SR3¢ Low SR3¢_ISR SR2(_Low SR2(_ISR
Total observed events 20 12 19 11
Total background events 10+2 39+1.0 84+5.8 27133

Excess observed in 4 low AM regions ranging from 1.56->3c
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The SUSY SEARCH Ch

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

July 2018 V5=7,813TeV
Model T,y Jets ET"”ss JLanm™ Mass limit Vs=7,8TeV  s=13TeV Reference
T T T T T T T —
i, —q¥| 0 26jets  Yes  36.1 1.55 m(¥})<100GeV 1712.02332
o mono-jet  1-3jets  Yes  36.1 0.71 m(g)-m(¥})=5GeV 1711.03301
i} )
.§ 28, 3—qat) 0 2-6jets  Yes 361 |& 2.0 m()<200 GeV 1712.02332
g Forbidden 0.95-1.6 m(t})=900GeV 1712.02332
(ﬁ 22 B—4a(LOV Sep 4jets - 361 & 1.85 m(E) <800 GeV 1706.03731
] ee. 2 jets Yes  36.1 3 1.2 m(Z)-m(¥})=50 GeV 1805.11381
§ g8, -qqWZi] 0 7-11jets  Yes 361 |& 1.8 m(F)) <400GeV 1708.02794
5 e 4 jets - 36.1 z 0.98 m(g)-m(¥})=200 GeV 1706.03731
£ N N
= | g3, gk 0-1e,p 3b Yes 361 |& 2.0 m(¥})<200GeV 1711.01901
e 4 jets - 36.1 z 1.25 miz)-m(¥})=300 GeV 1706.03731
Biby, by—b¥) fi¥} Multiple 36.1 by Forbidden 0.9 m(¥])=300 GeV, BR(hT})=1 1708,09266, 1711.03301
Multiple 361 | B Forbidden 0.58-0.82 m(t])=300 GeV, BR(bF})=BR(1|)=0.5 1708.09266
Multiple 36.1 By Forbidden 0.7 m(i})=200GeV, m(¥})=300 GeV, BR(tt )= 1706.03731
byby, iy, My = 2% M, Multiple 36.1 A 0.7 m(¥})=60GeV 1709.04183, 1711.11520, 1708.03247
g | Multiple 381 |# Forbidden 0.9 mit?)=200 GeV 1709.04183, 1711.11520, 1708.03247
} iy, iy - Whi] or o] 0-2epu O2jets1-2b Yes 361 | i 1.0 m(E})=1GeV 1506.08616, 1709.04183, 1711.11520
i1, H LSP Multiple 361 |# 0.4-09 m(i")=150 GeV, m{F; )-m(¥})=5 GeV, i, ~ i, 1709.04183, 1711.11520
g’ Multiple 36.1 i Forbidden 0.6-0.8 m(})=300 GeV, m(¥})-m(¥|)=5GeV, i, ~ i, 1709.04183, 1711.11520
i :g iyfy, Well-Tempered LSP Multiple 36.1 i 0.48-0.84 m(t)=150 GeV, m(¥] )}-m(¥])=5GeV. i, = i, 1709.04183,1711.11520
iy, =X 1 68, E—ekh 0 2¢ Yes 361 |# 0.85 m(i)=0GeV 1805.01649
i 0.46 mif, &)-m(¥!)=50GeV 1805.01649
0 mono-jet  Yes 36.1 0 0.43 m(f, &)-m(¥})=5GeV 1711.03301
iy, =iy +h 1-2e.n 4b Yes 361 |7& 0.32-0.88 m(F})=0GeV, m(i,)-m(¥})= 180 GeV 1706.03986
FiHY via wz 23ep - Yes 361 | A/ 0.6 m(E))=0 1403.5294, 1806.02293
ee. ppt 21 Yes 861 |/ 047 mE; )-m(E)=10 Gev 1712.08119
Y5 via Wh (Cityyltbb - Yes 203 | W 0.26 m(E])=0 1501.07110
LR I3, X —Fv(rm), XS —Fr(vw) 27 - Yes 361 | i/ 0.76 L mE)=0, m(z. 7)=0.5(m(E})sm(E))) 1708.07875
E . X% 1 0.22 m(¥;)-m(¥})=100 GeV, m(#, #)=0.5(m(¥; )+muf+)) 1708.07875
©  frlig, -8 2ep 0 Yes 361 |7 0.5 m(E)=0 1803.02762
2ep 21 Yes 361 |7 0.18 m()-m(i?)=5 GeV 1712.08119
HH, H-hG|ZG 0 >3b Yes 361 | @I 0.13-0.23 0.29-0.88 BR(F| — hG)=1 1806.04030
dep 0 Yes 361 | @ 0.3 BR(E| — ZG)=1 1804.03602
Direct ¥'| ¥, prod., long-lived | Disapp. trk 1 jet Yes 361 | A} 0.46 Pure Wino 171202118
E % i% 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
=T Stable g R-hadron SMP - - 32 |& 1.6 1606.05129
2 E Metastable  R-hadron, §—qq¥| Multiple 328 |& [@®=t0oms02es) 16 24 m(F{)=100 GeV 1710.04901, 1604.04520
_gl GMSB, ¥ —yG, long-lived ! 2y - Yes 203 |& 0.44 1<1(¥))<3 ns, SPS8 model 1409.5542
7, ,?‘l‘_.egy,tg,w,'ﬂyv displ. ee/ep/pp - - 203 | & 1.3 6 <cTik})< 1000 mm, m(t])=1 TeV 1504.05162
LFV pp—¥, + X, ¥, —ep/et/ut epeT.ut - - 3.2 Ve 1.9 A5, =011, d132133/233=0.07 1607.08079
TEET IS = WWzeceovy dep 0 Yes  36.1 1.33 m(F})=100 GeV 1804.03602
8, 8—agl], ¥ — qqq 0 4-5large-Rjets - 36.1 1.9 Large 17, 180403568
E Multiple 36.1 2.0 m(¥1)=200 GeV, bino-like ATLAS-CONF-2018-003
O 33,5 - 1bs | g—rit), ¥ — 1bs Multiple 36.1 7| m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
i, Fsth), ¥ — 1bs Multiple 36.1 1.05 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
iy, i1 —bs 0 2jets+2b - 36.7 0.61 1710.07171
iy, i —=bl 2epu 2b - 36.1 i 0.4-1.45 BRI(i, —be/by)>20% 1710.05544
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.




SUSY (as seen outsid

November ‘16 ago on the web page of The Economist (1?!):

Supersymmetry is a beautiful idea. But no evidence supports it
But not giving
up as yet!!!

http://www.economist.com/news/science-and-technology/21709946-supersymmetry-beautiful-idea-there-still-no-evidence-support-it



Dark Matter Searches at the LHq.

Direct Indirect

DM DM DM _ q
q q DM q
Collider @
g Photon+MET q Jet+MET
Indirect 4 - 5 gz/z;»g _-- DM -f'r _-- DM
|77 7 7
72 . 74 .
Direct . v P ~~ . ™~ .
o M q DM q DM

eIdentifying Dark
Matter is one of the
most important
questions in physics
today!

oIt is likely a new as yet
undetected particle
eCan it be produced

‘ at the LHC?
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j Is Dark Matter
a new weakly
interacting particle?
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Mono-object Searche

* Mono-jets: Generally the most powerful
* Mono-photons: First used for dark matter Searches
* Mono-Ws: Distinguish dark matter couplings to u- and d-

type of quarks _ _
_ _ Are Dark Matter weakly interacting
* Mono-Zs: Clean signature  massive particles (WIMPs?)

* Mono-Tops: Couplings to tOPS  Eective Field Theory

- Mono-Higgs: Higgs-portals q x 9
. Higgs Decays? >< = >
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Comparison with Direct

No signal seen in any of the "mono”-signals so far -> limits

Axial-vector mediator and Vector mediator and
Spin-dependent direct limits Spin-independent direct limits

CMS Pre"mmary LHCP 2017 CMS observed excluslon 90% CL 3 CMS Pre"mlnary LHCP 2017 CMS observed exclusion 90% CL
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Mono-jet/V searches are typically the most sensitive ones =



Exotica Searches:

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 JLdt=(32-79.8)fb" Vs=8,13TeV
Model t,y Jdetst ET™ [Latb] Limit Reference
ADD Gkk + g/q Oepu 1-4j  Yes 361 Mp 7.7TeV n=2 1711.03301
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH - 2j - 37.0 M 89TeV n=6 1703.09127
ADD BH high ¥ pr 2lepu >2j - 3.2 My, 8.2TeV n=6,Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - >3] - 36 | My 9.55TeV n=6 Mp=3TeV,rotBH 1512.02586
RS1 Gkk — yy 2y - - 36.7 | Gkk mass. 4.1 TeV k/Mp = 0.1 1707.04147
Bulk RS Gk — WW/ZZ multi-channel 36.1 Gk mass 2.3TeV k/Mpi =1.0 CERN-EP-2018-179
Bulk RS gkk — tt leu >1b,>1J/2 Yes  36.1 | @k mass 3.8TeV r/m=15% 1804.10823
2UED / RPP leu =22b=3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AM) - tt) =1 1803.09678
SSM Z’ — ¢t 2eu - - 36.1 2’ mass 4.5TeV 1707.02424
SSM Z' — 17 2t - = 36.1 Z’ mass 242TeV 1709.07242
Leptophobic Z' — bb - 2b - 36.1 | Z mass 2.1 TeV 1805.09299
Leptophobic Z’ — tt teu =1b,>1J/2] Yes 36.1 | Z' mass 3.0 Tev rim=1% 1804.10823
SSM W’ — (v lenpu = Yes  79.8 |W'mass 5.6 TeV ATLAS-CONF-2018-017
SSM W’ — v 17 = Yes  36.1 W’ mass 3.7 Tev 1801.06992
HVT V' - WV — qqqq modelB O e,u 2J = 79.8 | V' mass 4.15 TeV gv=3 ATLAS-CONF-2018-016
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
LRSM W;, — tb multi-channel 36.1 | W’ mass 3.25TeV CERN-EP-2018-142
Cl qqqq - 2j - 37.0 A 218TeV 1, 1703.09127
. Clttqq 2epu - - 36.1 A 400 TeV 1707.02424
Cl tttt >leu 21b21) Yes 36.1 A 2.57 TeV |Cae| = 4n CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Miped 1.55 TeV 8=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
. Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mned 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VWWyy EFT (Dirac DM) Oe,u 1J,<1]  Yes 3.2 M. 700 GeV m(x) < 150 GeV 1608.02372
. Scalar LQ 1%t gen 2e >2j - 32 |Lamass 1.1 Tev B=1 1605.06035
Scalar LQ 2" gen 2p 22j 2 32 |LQmass 1.05 TeV. B=1 1605.06035
Scalar LQ 37 gen 1epu 21b,23] Yes 20.3 B=0 1508.04735
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-032
VLQ BB — Wt/Zb + X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-032
VLQ Ts/3Ts/3|Tsyz » Wt + X 2(SS)23eu21b,21] Yes 361 | Tsamass 1.64 Tev B(Tsp3 = We)=1,¢(TssWe)=1 |  CERN-EP-2018-171
VLQY —» Wb+ X leu 21b21j Yes 3.2 |Ymass 1.44 TeV B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQB — Hb+ X Oeu,2y 21b>1j Yes 798 |Bmass 1.21 TeV. kg=05 ATLAS-CONF-2018-024
B VLQ QQ — WqWq leu >4j Yes 203 1509.04261
Excited quark ¢* — qg - 2j - 37.0 q° mass 6.0 TeV only u” and d*. A = m(q") 1703.09127
Excited quark ¢* — qy 1y 1j = 36.7 | q" mass 5.3 TeV only u” and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton * 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* et - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw lenu >2j Yes 79.8 ATLAS-CONF-2018-020
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234eu(SS) - - 36.1 DY production 1710.09748
Higgs triplet H** — (1 Beput - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
Monotop (non-res prod) Teu 1b Yes 20.3 Bnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, g| = 1gp. spin 1/2 1509.08059
n sl " " PR

1071
*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]




Are we |leaving no stone u

« The LHC BSM searches are indispensable and should be
continued in the new energy regime and with increasing
statistics (higher mass, lower couplings)

« But if we still do not see more than a 2 sigma at the end of
run-lIl, the HL-LHC will be likely mostly a precision physics
machine, searching for subtle deviations

* Are we looking at the right place? Time for more effort in
thinking of complementary searches

Are we looking at the right place? ,{ Leave no stone unturnedII
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Searches for Long Lived

""" neutral displaced W BSM
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Present coverage?
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LHC-wide organized study ->
https://indico.cern.ch/e/LHC_LLP_October_2017

A White Paper in preparation!

detector from long-lived particles

Increasing interest and effort:
Look for unusual signals in the

eExample disappearing tracks ->
eSearch for charginos, almost
degenerate with neutralinos
(eg AMSB models)
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Search for Heavy Neu

Neutrino portal: vMSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.

Three Generations
of Matter (Fermions) spin %%
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-> HNL hunting also focus of the SHIP experiment proposal



Long Lived Particl

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2018

ATLAS Preliminary

JLdt=(32-36.1)fb" V5=8,13TeV

Model Signature  [£dt[b™] Lifetime limit Reference
RPV 0 - cev/epviuuv  displaced lepton pair 203 | x" tetme B e ———— ) o m(g]=13 Tev, m(,;g)=l1.c;T;vl 1504.05162
GGM 2 — Z& displaced vix + Jets 203 [ o9 ifetime m(&)=1.1 TeV, m(3)= 1.0 TeV 1504.05162
GGM,\)E' - ZG displaced dimuon 329 "‘1] lifetime 0.029-18.0 m m(g)=1.1TeV, m(y})=1.0TeV CERN-EP-2018-173
GMSB non-pointing or delayed y  20.3 ,r‘l’ lifetime _ SPS8 with A= 200 TeV 1409.5542
AMSB pp - xixl.xTx;  disappearingtrack 203 |7 lifetime  o230m m(y)= 450 GeV 1310.3675
AMSB pp - x¥x%. ¥/ x]  disappearingtrack 361 | 7 lifetime 0.057-1.53 m m(x7)= 450 GeV 1712.02118
AMSB pp — xixxfx7  large pixel dE/dx 18.4 | lifetime . 13tsom m(ii)= 450 GeV 1506.05332
Stealth SUSY 2 ID/MS vertices 195 | §ifetime I oze0em|  m(z)=1500Gev 1504.03634
Split SUSY large pixel dE/dx 361 | & lifetime ~09m m(&)=1.8TeV, m(x3)= 100 GeV | CERN-EP-2018-198
Split SUSY displaced vtx + E’r"'” 32.8 g lifetime 0.03-13.2m m(g)=18TeV, m(yg): 100 GeV 1710.04901
Split SUSY 06,2-6jets +EP™ 361 | &lifetime 0.0-21m m(&)= 1.8 TeV, m(x?)= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 low-EMF trackless jets 203 | s lifetime . o4175Tm m(s)=25GeV 1501.04020
Hoss 2IDMSvertices 195 | s lifetime osizsam  mis)=25Gev 1504.08634
FRVZ H — 2y, + X 2 e, u-jets 203  |Falieiime o-3 mm mi{ya)= 400 MeV 1511.05542
FRVZ H — 2y + X 2 ey ajets 34 | ya lifetime 0.022-1.113 m m(yq)= 400 MeV ATLAS-CONF-2016-042
FRVZ H — 4y + X 2y afets 34 |y lifetime 0.038-1.63 m m(ya)= 400 MeV ATLAS-CONF-2016-042
H— 72,7, displaced dimuon 329 Z, lifetime 0.009-24.0 m m(Z)= 40 GeV CERN-EP-2018-173
VH with H — ss — bbbb 12+ multi-b-jets 361 | slifetime 0-3mm B(H — s5)=1, m(5)= 60 GeV 1806.07355
®(300 GeV) — s 5 2 low-EMF trackless jets  20.3 | s lifetime ~ o02978m X B=1pb, m(s)= 50 GeV 1501.04020
®(300 GeV) — 55 2ID/MSvertices 195 | s lifetime P oqeEieim| o < 5= 1 pb, m(s)= 50 GeV 1504.03634
$(600 GeV) — ss 2 low-EMF trackless jets 3.2 s lifetime 0.09-2.7 m o x B=1 pb, m(s)= 50 GeV ATLAS-CONF-2016-103
$(300 GeV) — s5 2 low-EMF trackless jets 203 | s lifetime . ots54im o % B=1 pb, m(s)= 50 GeV 1501.04020
(900 GeV) — s 2 ID/MS vertices 195 | slifetime - onasam % B=1 pb, m(s)= 50 GeV 1504.03634
P TeV) - 55 2 low-EMF trackless jets 3.2 | slifetime 0.78-16.0 m o x B=1pb, m(s)=400GeV | ATLAS-CONF-2016-103
HV Z/(1 TeV) — g, 2 IDIMS vertices 203 | siitetime  otasm % B=1 pb, m(s)= 50 GeV. 1504.03634
HV Z'(2 TeV) = quay 2 IDIMS vertices 203 | slifetime ! TxB=1 Plb= m(s)= 50 GeV 1504.03634
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*Only a selection of the available lifetime limits on new states is shown.
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LHCDb: Test of Lepton U

A puzzling results from the LHCb experiment...
Comparing the rates of B — Hutpand B — Hete | H=K,K*, ¢, ...

If confirmed independent checks
. T will become very important.

obt— : R CMS has installed a special trigger

04f S to collect an unbiased b-sample

o_zf_LHCb . ; which is active since_ 2018

oob e 2 -> Expect 1010 b-pairs by the
T ek end of run2!!

0.66170-LL (stat) + 0.03 (syst) for 0.045 < q2 < 1.1GeV2Z 24_93¢g
0.691] 4% (stat) £ 0.05 (syst) for 1.1 < ¢ < 6.0 GeV? 24-250
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Inira Generation Lept

Candidate explanation: Leptoquarks with
couplings to second/third generation.
-> Check in ATLAS and CMS

Example search in the b
tau-b final state

h
EXO-17-029
CMS Preliminary 35.9 fb™ (13TeV)
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Blue region is preferred by the B-anomalies...



Monopole Searches: MOEDAL

2016 data analysis base on 222 kg Aluminium to “stop” the monopoles and
search for them with a SQUID precision magnet (2 11fb 1) arXiv:1712.09849

10°g

G [fb]

104;

103‘_w

LT

L1 HIAl.l

|

L L LI

-01g
N 3 29 -
-~ 4g =
»SgD 1

1000 2000 3000 4000 5000 6000

: K ; 5 1O 10° 2
/s=13TeV, 2.11 fo’ 5 “—;- 5
E 10
L, : I
-
........ :.'=~ oy § 0 E
C \ &= N e NG , = B B
1025 : PR " s - N - ey 1025%
C LO DY spin 1/2b 95% CL Limits — C
—1 9, -o 1 g,
D -2 Q = 10 =
g : ggg ] : i
1000 2000 3000 4000 5000 6000 0
Mass [GeV] -
Mass limits [GeV]| 1gp | 2g9p | 39p | 49D | 59D
MoEDAL 13 TeV
(2016 exposure)
DY spin-0 600 | 1000|1080 950 | 690
DY spin-% 11101540|1600|1400
DY spin-1 111011640|1790|1710| 1570
DY spin-O B-dep. | 490 | 880 | 960 | 890 | 690
DY spin-4 3-dep. | 850 [1300[1380|1250(1070 |
DY ‘aplll -1 ﬁ-dep 930 |1450(1620 | 1600 [ 1460

Mass [GeV]

Limits for different
monopole charges

*First monopole search
result @LHC at 13 TeV
No signal (yet)..
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Possible New Experime

MilliQan: searches for
millicharged particles

Existing LHC Detector

b

MATHUSLA: searches for long lived
weakly interacting neutral particles

}20m Surface Detector |

iside view)

F SO [ iy

CODEX-b: searches for long lived
weakly interacting neutral particles
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shield veto
UXA shield Pb shield IP8

FASER: searches for long lived
c]ark photon;-like particles



L HC Outlook and Plans

* Peak luminos =Integrated luminosity
HL-LHC
|Run1| |Run2| ‘Run3|
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z 4 4 20 4 /2 5  AlLHC experiments plan upgrades
E 206434 ¢ for either 2019-2020 or 2024-2026
3 : £  for the High Luminosity LHC upgrade
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[y » (ATLAS and CMS)
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CMS Phase-2 Detector Upgrades Mmuons

Year * Complete coverage in forward region

Tracker ::neprl:M/RPC tgchnology) |n|>g1.6
Approved LHC prog ram to COI Iect 3000 fb']- . Radiati.on tolerant - h'igh granularity - less material  * Investigate muon-taggir}g lip ton~2.8
. . * Tracks in hardware trigger (L1) * New RPC link-boards with ~1 ns timing
in total with the LHC (HL-LHC) * Coverage upton ~ 4 Trigger
Maximize the reach for searches and for B ey 1250

precision measurements (eg Higgs)

LHC will run till ~2037
Only 4-5% of the collisions delivered

Endcap Calorimeters

SO fa r . * Radiation tolerant - higher 24

e Study coverageupton~3

Then ad hlgh energy LHC (28 TeV)? * Investigate fast-timing

Barrel ECAL
* Replace FE electronics




Summary .

* New Higgs measurements at 13 TeV. So far the Higgs is very
consistent with Standard Model expectations.

* No sign of new physics in the 13 TeV data so far... This starts
to cut into the ‘preferred regions’ for a large number of models,
like SUSY. Naturalness?

There are a number of 3-sigma effects, as always, but... ©

Dark Matter and Long Lived Particle searches are being
explored in a systematic way. White paper on LLPs to appear.

First results from the 2017 data are being released.
New physics in the flavour sector? New TH paradinme?

The LHC is continuing to explore the Terascale.
. T

I—3-

much data to look forward to: it takes on significi
to show the way!! Collected >130 fb-'@ 13 TeV ¢

And hopefully one day soon now:




The Future

LHC /HL-LHC Plan

Rum 1 | Rum 2
L51 EYETS
N
J RS EtaR LR
B ' AF P4 crpolmi HL-LHC
7 TeV -& bLII:I;EI:nllTlﬂlnm \\ .‘_,.-"" F'.'?;r'i.'dill. call. lrl'"'ﬂmﬂ'l installation lurmenosity
—_— (== N  CweEng FiPS rgiony
ATLAS - CMS ,
exper ment AKIOrRcS: plses 1 damage ATLAS - CMS
DEam pipss 5 2.5 x reménal kaminosk . upgrade phase 2
= rowaiumw wrty Bwnom bminosthi, ALICE -LHCb —

TR pff’_. upgrade
e 001 —

-2018: plan for 70 fb'!
-2021-2023: plan for 300 fb!
- >2016 High Luminosity upgrade: collect 3000 fb! by ~ 2035




Summary

 The data of Run-1 allowed for many precise measurements
of Standard Model processes, eg on the top quark, EWK
and in QCD.

« Electroweak measurements in agreement with the data in
general. New process measured eg Wyy, EWK WWij;...

 The LHC is a top-factory. Very detailed study of the top
guarks ongoing. No surprises yet!

* The Higgs particle at 125 GeV shows no deviation from its
Standard Model expectations (yet?). Now more precise
coupling measurements and combined fits, differential
distributions studies, as well as searches for rare
processes Zy, uy, cc, light quark couplings...?

- Data taking is continuing !!
« Theorists: watch the precision of the data!!l ©




