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e (Y EeTH adrontCollider)

LHC : 27 km long, '
upto175m
underground

* p-p collider

*Can also collide heavy ion particles
*Design parameters: «Pb, Xe

Vs=14TeV, L. . =103 cm?2s’!
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Mean Number of Interactions per Crossing

\Vs=13 TeV Z—>up candidate event

« [L~140 fb'! (good for physics) » #of interacting per crossing = 65

e L .. ~2x10*cm2s!

* Ave. #of interactions per crossing ~34 ;
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Display of a VBF H Tt in 200 p-p collisions

N

AR " *A lot of data for
Mean Number o nrctonsper Crossing .QCD and EWK precision measurements
“\s=14 TeV *Deep understanding of Higgs properties
e [L~3000 fb-! *Probe BSM in both direct searches and
* [ ~5-7x10%*cm2s"! in precision measurements

* Ave. #of interactions per crossing ~200



ATLAS Detectors CMS

One of four detectors at the LHC

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter SUPERCONDUCTING CALORIMETERS Total weight: 12,500 T
MAGNET COIL ECAL Overall diameter: 15 m (50 ft.)
Scintillating Overall length: 21.5 m (70 ft.)

PbWO4 Crystals

HCAL
Plastic scintillator/brass

IRON YOKE

TRACKER
Silicon Microstrips
Pixels
MUON BARREL o MUON
Drift Tube Resistive Plate ENDCAPS
Chambers (DT) Chambers (RPC) Cathode Strip Chambers (CSC)

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker Resistive Plate Chambers

Large sophisticated general purpose particle detectors.

Upgrade for HL-LHC ATLAS CMS
DAQ & Trigger L1, HLT~10 kHz L1, HLT~7.5 kHz
Inner Tracker New, up to |n|<4
Calorimeter Electronics upgrade for LAr & Tile New high granularity endcap
calorimeter
Muon Electronics upgrade Improve muon system coverage
+ new muon chamber
Timing detector New High Granularity Timing Detector Precise MIP timing layer in barrel &
in endcap endcap s
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Tag b-jets

Detector Performance

u-jet rejection
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Incllned Duals

- ATLAS Simulation
s—-14TeV tt, <u>_200

CMS-NOTE-2018-006

CMS Phase-2 Simulation Preliminary

Photon Reconstruction 14 TeV, 200 PU
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*Expect similar or better reconstruction of physics objects at HL-LHC compared to

Run-2



Physics Projection at HL-LHC

*Assume center of mass energy at 14 TeV and total integrated luminosity is 3000 fb-!

*Methods for projection:

*Detailed simulations are used to access performance of upgraded detector and HL-
LHC condition

*Existing results are extrapolated and take into account of increase in energy and
performance of upgraded detector, or parametric simulations are used to allow full
re-optimization of the analyses

*Systematic uncertainties :

*Baseline scenario (“YR18” or “S2”) : *Conservative scenario (“S17) :
*Theory uncertainties %2 of Run-2 *Use uncertainties of Run-2
*No simulation statistical uncertainty measurements, assuming the
«luminosity uncertainty ~1% higher pile-up effects will be
-Statistical uncertainty reduced by 1/\L compensated by detector

o LT uperades.
eUncertainties due to detector limitations g

remain unchanged or revised according to
simulation studies of upgraded detector.

ATL-PHYS-PUB-2018-054

CMS-PAS-FTR-18-011




Broad Range of Physics Topics

*Can only present short summary of recent results on a few topics and show their

potentials at HL-LHC
Projections for HL-LHC can be found in the Yellow Report :

* Higes

i g%i o https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
Xoucs searcnes HLHELHCWorksho

* Supersymmetry (arXiv:1902.00134 , arXiv:1812.07831 )




Standard Model Higgs Boson



Updates on H—=yy , H—>ZZ"—4l

*Analyzed ~80 - 140 fb-! Run-2 data

: et > Tol T T g OMS Py zore orr zote 1971 (19 TeY
*Measure cross sections of individual g "5 —swa o - rrev. 7w 1 Banf foma 2
— | === Continuum background m, = 125.09- eV . | N c ]
production modes g . In(1+S/B) weighted sum, S = Inclusive | 5 fzg ? } E:g:;;: ;z: E
. . . . 2 o = mz+x E
*Study kinematic properties of Higgs = 160 -
production E s00f 3 E
. . . I 120 E
Differential cross section : {100 -
*Production rates in excl. regions & o, {1 2F E
(simplified template cross section § a0l :
framework (STXS)). g L ]

80 100 120 140 160
*Reduce model dependency m,, (GeV)

*Maximize sensitivity to BSM
CMS Preliminary 137.1 o™ (13 TeV)
—~~ | T T T T I T T T T I T T T T I T T T T I T T T T ]
S % 1E t Data (stat. @ sys. unc.) ~
ATLAS Preliminary —e— Total Stat. [ Syst. — SM S . Systematic uncertainty
_ _ 0 (s=13TeV, 79.8 fo! ~ C SN gg—H (NNLOPS) + XH R

.Up to 10 15 A) Hoyy, ly | <25 Total ( Stat. Syst. ) g 107k 7777 9g—H (POWHEG) + XH E .
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Observation of Higgs Couphngs to 3rd Generatlon Quarks

<5.11fb" (7 TeV) + <19.8 o™ (8 TeV) + < 77.2 b (13 TeV)

*H—bb finally observed at LHC 18
*Most sensitive prod. channel : VH 16
14

Include other prod. channel :
*gol, VBF, ttH
*Combined Runl + Run2 (~80fb!)
*Observed H—bb :
*ATLAS : 540, CMS : 5.60

A TLAS —e- Data
{s=13TeV,79.8 b I VH, H — bb (u=1.06)
0+1+2 leptons Diboson

243 jets, 2 b-tags Uncertainty
Weighted by Higgs S/B Dijet mass analysis

PRI BTN

ATLAS PLB 786 (2018) 59

Events / 10 GeV (Weighted, backgr. sub.)

CMS PRL 121 (2018) 121801

*New updates from both experiments

since observing ttH production ¢ o

*ATLAS (full Run2) : in yy .
 Obs.(exp.) sign=4.9 (4.2) ¢ g
*0,,xB =1.59""fb (SM: 1.150%fb)

*CMS (2016+2017) :
*update multi-lepton, yy, bb

llll\lll\ll\lllll\lll
40 60 80 100 120 140 160 180 200

m,, [GeV]

VBF

Combined .-

2 1400

Data ATLAS Preliminary
Continuum Background | = 13 TeV, 139 fb”

- - Total Background m, = 125.09 GeV

Signal + Background Al categories

*Extended categorization, dedicated
BDT training, additional observables,
new b-tagging

ggF

e
WH —_—
e ol

ZH

CMS

H—bb

e Observed
— 10 (stat @ syst)
w15 (SYst)

stat

2.53+0.98+1.17

0.85 £0.23+0.37

1.24 £0.29+0.24

0.88 +0.24+0.16

2.80 +2.08 £ 1.30

syst

1.04 £0.14£0.14
1

0 1

! I 1 1 L I
2 3 4 5 6 7

8 9
Best fit u

Combined p = 1.04+0.20
(Reach precision of ~20%)

CMS
Decay u Obs.
ch .
sign.
Multi | 0.96%034 ., | 3.20
-lep
vy 1.706 5 | 4.1c

ATLAS-CONF-2019-004

CM-PAS-HIG-18-018/019/030
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Higgs Combination

*Combined all major production/decay mode measurements (13 TeV, L~36-80 fb!)

_ o(exp) CMS arXiv:1809.10733
global G(SM)

ATLAS : u=1.11"" =1.11+0.05(stat)""* (exp) " (sign theo) = 0.03(bkg theo)

*Global signal strength : u

ATLAS-CONF-2019-005

-0.08 -0.04 -0.04
. 0.06 (.
CMS : u=1.1720.10=1.17x0.06(stat)" . (sig theo) = 0.06(other syst)
productions decays couplings

I|III|III|\II|III|II\|\II|III|II\|\II|III db'Stb1(1dev) §|> 7IIATLIAé'P‘rIeI”‘r‘TI-Iina;o'I'I‘”I -

ATLAS Preliminary  —e—Total Stat. EEESyst. | | sm CMS ® Observed £ 1 fs=13Tev, 24.5—79)./8fb" 5, #75

Vs=13TeV,24.5-79.8 fb" :f;a ((:Zttgzysstt)) 5 E = 12500 GoV, |y | <25, p. = 72% Faus

my=125.09 GeV, |y | <25 = 5 _;1§(sy30 4 e - o Higg;bo;’on "sm W ]

Py, = 76% Total Stat. Syst u’’ oo £ 0 E

ggF I-IE'{ 1.04 +o09( +o07, tggg) — C “,’_- ]

u# B 107 o0 =

VBF = 121 105 R 0%) i g 4 3

WH e 130 J9( 122, %) uww -o-— 10° g i E

H H——— 105 03 ( soze, 100 — £ ]

+0.26 +0.20 MTT _i*_ 1074 §_ | | | _E

ttH+tH hi———u 121 T5 (=017, To%) B : E 13f" NI -

I|III|III|\II|III|II\|\II|III|II\|\II|III bb i — 12? i
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Cross-section normalized to SM value - O e e e E

utt : 0.8 —

Lo e by ; L e ey 0.7 L L L L -

-2 1 0 T2 3 107 1 10 10
arametervetie Particle mass [GeV]
*Productions and decays are already probed *Extract coupling strength modifiers (in
with up to ~10-15% precision in best K framework) as function of particle mass

channels *Assume no BSM contribution to Higgs decay

*Compatible to SM
12



*Observation of di-Higgs production provides a direct measurement of the Higgs boson self-

Di-Higgs Production

coupling Ay and validate the BEH mechanism
*Performed search via ggF production in several di-Higgs decay channels
Most sensitive channels :

*HH—bbbb : highest BR, large BG from multi-jets

*HH—bbyy : clean, but small BR

*HH—bbtt : moderate BG and BR

*HH—bbVV : V(W,Z) decays leptonically

CMS 35.9 fb" (13 TeV)
bbVV
Observed 78.6xSM
Expacted 88.8xSM
bbbb
Observed 74.6xS|
xpacted 36.9xS
- gg—HH
bbtt
Brrcied a5 o —e— Observed
— - == - Median expected
bl
Ommm I 68% expected
Becdimest] L N 0 020 95% expected
Combined
mmmmmmmm
Expected 12
6 7 8910 20 30 40 506070 100 200 300 400
95% CLon o, /oM
= 10— e
=3 F 3 |~~~ Exp. 95% CL limits
T u
- b — Obs. 95% CL limits
I i -
- I — bbbb
s 1 -
5 — bBeee
© ]
4 |~ bbyy
- Allowed «, interval
1 071 | at95% CL | — Comb.
E Obs. Exp. 3 - Comb. +1c (exp.)
r (Exp. stat.) ATLAS ]
[ -5.0-12.0 | -5.8 -12.0 ! VS =13 TeV Comb. +26 (exp.)
B -5.3-11.5) . -1
> L ! I( ) )I 1 ! 27'|5 - 36.I1 fo | " Theory prediction
107" 204510 =5 0 5 10 15 20
Ko

8 66606601

Y

\ t/b Y

A

8 TG6G6000T

A

H 876666660

H 8 76666660

*Analyzed up to 36 fb-! at 13 TeV

*Set limits on o(gg—HH) at 95% CL
* ATLAS : 6.9 (10) x SM

« CMS :22.2(12.8) x SM

A

HHH

*Scanned K, = KT
HHH

«1,5M=1

(Higgs self-coupling

modifier)

*Constraint , at 95% CL
* ATLAS : -5.0<1,<12.0 (exp. -5.8<x,;<12.0)
*CMS : -11.8<k,<18.8 (exp. -7.1<k,<13.6)

ATLAS arXiv:1906.02025

CMS PRL 122 (2019) 121803
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Projection of Higgs Measurements
at the HL-LHC

14



Projections for Production and Decay Measurements
*Combined all major production/decay mode measurements (assume S2 scenario)

productions (ATLAS+CMS) decays (ATLAS+CMS)
Vs =14 TeV, 3000 fb™' per experiment . .\E =14 TeV, 3000 fb|'1 per experiment
] Total ATLAS and CMS | Total ATLAS and CMS
— Statistical HL-LHC Projection — Statistical HL-LHC Projection
—— Experimental —— Experimental
—— Theory Uncertainty [%] —— Theory _
Uncertainty [%]
Tot Stat Exp Th |z Tot Stat Exp Th
OggH :_‘ ‘ 1.6 07 08 1.2 BYY __": 26 1.0 1.5 1.9
B%4 = 29 12 15 22
Oygr —— ‘ 31 18 13 2.1 |
BWW = 28 11 12 23
OwH ——— ‘ 5.7 33 24 40 B™ = 29 14 13 22
bb = 513 4
o — 42 26 15 o1 B 4‘ 4.4 15 13 40
B" == | 8.2 7.4 15 30
Ot 43 18 18 87 BZY —— ‘19.114.3 32 122
0 0.62 O.(I)4 0.66 0.68 OI.1 0.‘IIZ 0.‘II4 0 0.(|')5 0|.1 O.%S 012 O.IZS
Expected relative uncertainty Expected relative uncertainty
* ggF can be measured at ~2% *Gauge boson decays can reach ~3% precision
*WH can be measured at ~6% *Fermion decays (bb,tt) can reach ~3-4%
* U can be observed with ~8%
arXiv:1902.00134 *In several cases the uncertainties will be dominated by theory .




Projection for Higgs Mass Measurement
*Current PDG average (ATLAS+CMS) my; = 125.10 £ 0.14 GeV ( from yy, 41(ZZ%) )

* vy is now systematically limited
* 4] is statistically limited
*Mass value will be driven by 41 (muon) channel

LHC Run1l : PRL 114 (2015) 191803

CMS (Run2, 36 fb4, 4l) : JHEP 11 (2017) 047

ATLAS (Run2, 36 fb, yy, 4l) : PLB 784 (2018) 345

*Extrapolate ATLAS Run2 4p results to 3000 fb-! in four scenarios

*Total uncertainty vary between 33 to 52 MeV

Expected Higgs mass precision with 3 ab™! (ATLAS)

Astat (I\IGV) Asys’c (R/IGV)

Ator (MeV)
Current Detector 52
1 momentum resolution improvement by 30% or similar 47
- momentum resolution/scale improvement of 30% / 50% 38
{ momentum resolution/scale improvement 30% / 80% 33

39 35
30 37
30 24
30 14

*Expect better resolution from CMS due to stronger magnetic field
« =» cxpect uncertainty < 20 MeV when combining CMS and ATLAS

arXiv:1902.00134

ATL-PHYS-PUB-2018-054
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Projections for Differential Distributions Measurements

*Important to measure the differential distributions of Higgs production

*Provide a probe of the SM

*Constraint effects from beyond the SM
*Make projections based on Run 2 analyses
*Most precisely measured by H—yy , H=ZZ"—41 channels

1 CMS Projection 3000 fb' (13 TeV)

< 1OEw/ YR18 syst. uncert. (52) _
® : As(pf! > 600) / 250 r>
Q = Ac(p'>200) /120 Q@
a8 B R ! 0)
¥ Ac(p!!>600) /250 X
~ 10 = e i o) 10_
Io_l_ + Combination el
< o[ o
- 10°F H— bb e 2
© g toHo g|°
< e %) H— vy 107
t Hozz o
10 aMC@NLO, NNLOPS
C Gg, from CYRM-2017-002 i 107
100 e b b b e b b b b
S 15F
ke r
e N
g 1 i8% ged --{&-n‘?--éi------H---ir--éi---—-é—i-----ﬁ(}---} Hoo 1
e ; T
2 05b.. o ] B
o 0 15 30 45 80 120 200 350 600
p (GeV)

ATL-PHYS-PUB-2018-040

CMS-PAS-FTR-18-011

1 = = g
£ N g
E o e ~
r o e Ib 1;30
1 L L B _8 T
= ATLAS Prelminary e 2%
= Projection from Run 2 data
2= {s=14TeV, 3000 fo
E Hoyy+H-ZZ -4 2

9 HL-LHGC No Sys
I HLLHG Sys. + Stat. 15
I HL-LHG Scaled Sys. + Stat.
P RN I L1

w

[ B A = |

1 01,05
1 G i
0.95

0.9

0 10 20 30 45 60 80 120 200 350 100(
p[GeV]

- ATLAS Preiminary

[ Projection from Run 2 data -

= {s=14TeV, 3000 fo’
T Hovy+H-oZZ -4

¢ HL-LHC No Sys

[ HL-LHC Sys. + Stat.
I HL-LHC Scaled Sys. + Stat.
PR TR I Y R TN [N T ST S S NN ST N SN T N

0 0.30 0.60 0.90 1.20 1.60 2.50

*Expect to probe with precision of ~10% at p ~350-600 GeV
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Projections for Rare Higgs Decays

*‘H—cc
% T I T T T | T T I T T I T T I T A| | T IDI |
. . L. ¢+ Asimov Data
O 800 ATLAS Simulation Preliminary .. pre-iit
2 /s = 14 TeV, 3000 fb” —Fit Result
> 2 c-tags, p? = 150 GeV W ZH(bb)
b= mzz
o mzZwW
] .; + jets
ot

— ZH(ct) (100xSM)

III|IIIIIIIIIlIIII|IIII|IIII|IIII|IIII|III

'§.|...|...|...|...|...|...|...—:
60 80 100 120 140 160 180 200

m_.[GeV]

Data/Bkgd.

*Extrapolate from Run2 36 fb-! search in

pp—ZH—llcc

*Expect to set an upper limit on 6XBR at

95% CL of 6.3xSM
eCurrent limit : 110xSM

Sensitivity can further improve by
including other channels :

*WH—lvce

/H—vvce

‘H—pp

> IIIIIIIIIIII|IIIIIII|.III|I.II|III.|.IIIII
& 10" ATLAS Simulation Preliminary
o 9 (s =14 TeV, 3000 fb™!, xu>=200
§ 10 [ Hoon (goF+VBF)
108 B WWtt+Z/y*
o WWt

w10’ mww

10°
10°
10*
10°
10?
80 100 120 140 160 180 200 220 240 260

m,, [GeV]

*Expect to observe such decay via
ggH and VBF productions with

significance >9¢ and uncertainty on
oxBR < 13%

*Current limit ;: oxBR <2.1-2.9xSM

ATL-PHYS-PUB-2018-016

ATL-PHYS-PUB-2018-006
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Projections for Higgs to Invisible Decays

*In some BSM Higgs boson may act as a portal between SM sector and dark sector | cms.Frr-18-016

* =>Higgs can decay into dark matter particles (invisible decay)

*Potential 1s studied with VBF channel q q
*Pileup suppression will be very important

*Degrade MET resolution X __________
False 1dentification of pileup jets as VBF jets in S .
forward region "_~ ..........
*Expected reach of upper limit BR(H—1nv)~3.8% %

at 95% CL (assume SM VBF production)
*5X smaller than current best limit

Sy
S|

. —~ 0 — 30 IIIIIIIIIIIIIIIIIII I IIIII |
® SM BR(H%ZZ%WW) Ol A) é’i CMS Phase- 2
CMS Phase 2 Slmulatlon Prellm/nary 3000 fb™' (14 TeV) % Simulation Prefiminary
T T LI LB T _

c1 6000 VEE (129 250 o =300 fb"
_ -1
L1J1 4000 — A | Lo = 1000

B QCD Z>wv * Lyaa = 3000 fb

12000 B EWK Wjets— v

I QCD Wajets— Iv

— N
(6] o
T T T [T T T T [T T T T [T T T T[T T T T[T TTT]

10000

)]

lIIIIllllIll[lIlllIllllllllll

0 150 200 250 300 350 400

%00 250 300 350 400 450 500 550 600
Minimum threshold on ET"™* (GeV) 19

EM™° (GeV)

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



Di-Higgs : Projection for HL-LHC

*Extrapolation based on current analyses and on the estimate of upgraded detector performance

95% CL exclusion limit on o, /oM
T

T T T T | T T T T | T T T T | T T T T
ATLAS Preliminary
* Projection from Run 2 data, Vs = 14 TeV, HH— bbttt

= Current systematic uncertainties
MC statistical uncertainty neglected

= Baseline

= No systematic uncertainties 1

Loss in signal significance [%)]

\II|IIII|I\IIlIII\lIIIIlIIIIlII
500 1000 1500 2000 2500 3000

Integrated luminosity [fb™]

*Vary the scenarios of systematic uncertainties

20

15

10

CMS Phase-2

3000 fb™' (14 TeV)

30}

25]- HH — bbbb

Simulation Preliminary

I

CMS-FTR-18-019

ATL-PHYS-PUB-2018-053

arXiv:1902.00134

I SR A

Y A I
45 50 55 60

65

ol
70 75 80

Minimum jet p_threshold [GeV]

*High pileup at HL-LHC may require to raise trigger threshold (maybe a challenge for bbbb channel)

o Significance 95% CL limit on oyir1 /oy
ATLAS Slgmﬁcance Channel Stat. + syst. Stat. only Stat. + syst.  Stat. only

Channel Statistical-only | Statistical + Systematic  Pbbbb 0.95 1.2 21 L6 CMS
HH — bbb 14 0.61 bbtT 1.4 1.6 1.4 1.3

o : ' bbWW (£vfv) 0.56 0.59 35 33
HH — bbr "7 2.5 2.1 bbyy 1.8 18 11 1.1
HH — bbyy 2.1 2.0 bbZZ(4460) 0.37 0.37 6.6 6.5
Combined 3.5 3.0 Combination 2.6 2.8 0.77 0.71

*Combine ATLAS + CMS : 4.0 ¢ (stat.+syst.) (4.5 o (stat. only) )
*Precision of self-coupling modifier k, can reach ~50%

*May even reach the discovery level of di-Higgs production at the end of HL-LHC !

20



Search for New Physics : Exotics, SUSY

21



New Heavy Resonances
*Predicted by several beyond Standard Models theories

SM SM : lepton, quarks, boson
X /7/
> \\

ncw heavy resonance

SM

*Leads to final states signature : di-lepton, di-jet, di-boson

*Spin-0:
*Higgs like particles in Minimal Supersymmetric SM (MSSM)

*Spin-1:
*New gauge bosons (e.g. W’, Z’) in extended Gauge Symmetry or in Heavy Vector Triplet
(HVT) model

*Spin-2:
*Graviton as Kaluza-Klein excitation in models of Extra Dimensions

*Excited quarks : in compositeness model



Resonance Search : di-lepton, lepton+E ™S

*Sensitive to heavy gauge boson from new symmetries
ATLAS arXiv:1903.06248

Searched using full Run2 dataset in ee, pp or ¢/pu+E ™ final states

Events / 10 GeV

(data-fit)/c

. - ATLAS arXiv:1906.05609
di-lepton 8 lepton-+E,miss
T T T T 1] 10 T ~ !
ATLAS s . F ATLAS —W(3TeV) . Data
10°E (5 - 13 TeV 139fb"j§ G 1 s 13Tev, 138" —w (aTev) W
F s=131TeV, 3 1P W' s evselecion  —W (6 Tev) EBTop quark
3 CJMultijet
107 3 08 oz
& LLLL 3 [C)Diboson
10 E = 10° miss
= ] 10° e+ET
10 E + Dan Wy N E 10
F — Background-only fit 4 .
1E= ---- Generic signal at 1.34 TeV, I/m = 0% = 10
E o Generic signal at 2 TeV, T/m = 0% I ] 1
-1 -+-+ Generic signal at 3 TeV,T/m = 0%
10 3 L ‘ R 107
4 .
R 1 £l
TP TR XL BT L YU 3T T SO 1 212
O e B Y
“21 4 , S 06
3x10° 10° 2x10°  3x10° 2213
m,, [GeV] g8 P ARSI I PR MY
o 06 . . L] \ .
200 300 1 2000
*Search for bumps : no anomaly seen " ransverse mass [GeV]

*Set upper limits (at 95% CL) on heavy resonance mass for various models

Lower limits on m . [TeV]
ATLAS | Model e kan \% *Lower limits on SSM W’ (—1v)
obs exp | obs exp | obs exp
(ee/pp) Z A1 43 40 40 [ 45 s *exclude mass below 6 TeV (5.8 TeV exp)
Z, 46 4.6 | 4.2 42 | 48 48
Zism | 49 49 | 45 45 |51 5.1

*SSM : Sequential SM , assume same fermion couplings as SM 23



Highest di-electron Mass Event at ATLAS

ATLAS

£ =2 01.TeV EXPERIMENT
1% a

Run Number: 336852, Event Number: 1440436043

Date: 2017-09-29 11:44:35 CEST

-m,, = 4.06 TeV
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Resonance Search : di-jet, di-boson

di-jet
@ —
g10° ATLAS Preliminary
Wy Vs=13 TeV, 139 fb”
5 « Data
10° Background fit

— BumpHunter interval
-0o-- q m.= =4.0TeV
m =5.0TeV

di-boson }
77.3fb" 13 TeV
> 10°F
& - CMS ¢ Data
Py C Prelimi — Signal+background fit
= - Preliminary —
- , — Wijets, T
2 10°E Z+jets
§ E G, (2TeV) - WW (x 20)
3 _
HPHP category
10 o
[l o e P 1 N P s S N P Y
_‘('g (o) Oé'—l-l_.._r_!—-—
g
Q <[

2000 3000 4000 5000

¢
p-value = 0.8 —.*
1= Fit Range: 1.1-8.1 TeV
10 ly*| < 0.6

| L | ! | | I L |
8 2:_ T T T T L I T IT
2 u
g o —IE
5 -2 =

'(7) = 1 1 PRI R 1 P Il || I |

2 3 4 5 6 7 8
m; [TeV]

*Set limits on various models in
narrow-width approximation

Dijet invariant mass [GeV]

*Search for X—=VV—qqqq (V=W or 7)

W/Z W/Z
4---- -—--p

2 large-radius jets

Excited Quark | Obs. (TeV) | Exp. (TeV)
ATLAS (139 v <6.7 <6.4
CMS (77.8 fo'!) <6.0 <6.0

*Also set upper
shaped signals

limits on Gaussian-
of various widths in

di-jet mass distribution

ATLAS-CONF-2019-007

CMS PAS EXO-17-026

*Use large-radius jet substructure to identify

W or Z decays to hadrons

*Constraint extra dimension and heavy

bosons models

*E.g. exclude Heavy Vector Triplet
W’/Z’ masses below ~3 — 3.8 TeV

ATLAS-CONF-2019-003 CMS PAS B2G-18-002 25



Prospect of Heavy Resonance Search
at HL-LHC

26



Resonance Search : di-lepton, lepton+E ™S

di-lepton
-‘(2 1011 T T T T 1T [ T T T T T 1T I
S 10%° ATLAS Simulation Preliminary
>
w q0° Z' —ee, \s=14TeV, 3000 fb’

—1 |

7010° 2x10°

10° 2x10° 10*
Dielectron invariant mass [GeV]

9 lepton+E,miss
o 10 RN ' T T T T
S 108 ATLAS Simulation Preliminary
il W' = ev, Is = 14 TeV, 3000 fb”"
10 — Wy, (65TeV)
10° Cw
10° B
4 Cazy
10 |:| Di-boson

(eetpp) HL-LHC Run2
(139 fbl)
Model Exclusion | Discovery Exclusion
[TeV] [TeV] [TeV]
Z’(SSM) 6.5 6.4 5.1
Z’(y) 5.8 5.7 4.5

*Extend Z’ i, exclusion limit by ~1.4 TeV
*Overall uncertainty ~6.5%>m,, [TeV]

* expt. (rec. Id, resolution) : ~2.9%xm,, [TeV]
* theory (dominated by PDF) : ~5.6%>m, [TeV]

10 2><|102 503 2><I103 o 10*
Transverse mass [GeV]
HL-LHC Run2
W,SSM Exclusion | Discovery | Exclusion
[TeV] [TeV] [TeV]
ATLAS (ev, pv) 7.9 7.7 5.8
(139 fo'!)
CMS (t,v) 7.0 6.4 4.0
(36 fbh)
ATLAS (1,v) 3.8
(36 fbh)

*Extend exclusion W’¢q,, mass by ~2 TeV

CMS-FTR-18-030 27

ATL-PHYS-PUB-2018-044




Dark Matter Searches q XEEWr- py

*At LHC dark matter (DM) can be produced via decay of a mediator (med) \\</
to the dark sector, and indirectly detected by measuring the SM particles
recoiling against it.

Mediator

*Signature : Large E;™ + X Searches are sensitive 9 DM
. i _1 miss .
(Exclusion) uncertainties (Exclusion)
CMS Projection 3.0 ab ! (14 TeV) %‘ :';;quls's_' ' | B 'P‘ | AR
— 10.0 o) 1400~ imulation Preliminary ]
= with YR18 syst. uncert. 2 '—>‘< L Vs=13TeV,3ab" exp. sys. x1, th. sys. x1 ]
= = with Run 2 syst. uncert. o £ 1200L Axial-Vector Mediator N
800 1 « s with stat. uncert. onIy t " Dirac Fermion DM exp. sys. x1/2, th. sys. x1/2 1
= 9= 0.25, 9, = 1 exp. sys. x1/4, th. sys. x1/4  _|
Vector mediator, Dirac DM G800, g 1000_ 95% CL limits P e .
% 6001 gq=0.25,gpu=1.0 > “: -lé 800} Projection from Run-2 data {
Y o — C ]
< : 1 d 6001 ]
2 400 . L .
E . X . ]
: g 400~ .
. T i ]
200 1 . 3 200;7’ : —
. 4 : i
J : g /O_ j I I I I | T - I I 1 II 1 I 1 | | 11 1 | ]
0 . o1 o ATLAS, 36fb1 0 500 1000 1500 2000 2500 3000
200 4097 600 800 1000 1200 1400 1600 1800 ' JHEP 01 (2018) 126 m, [GeV]
CMS, 36fb- Mpeq (GeV) . "
Eur. Phys. J. C 78 (2018) 291 °I?1scovel.'y could be reached for a
signal with DM mass of 1 GeV and
Large improvement compared to current LHC results ! mediator mass of 2.25 TeV

CMS PAS FTR-18-007 ATL-PHYS-PUB-2018-043 28




Long Lived Dark-Photons

In some BSM a pair of long lived dark-photons (y,) can be

produced from Higgs boson decay (H—2y;+X)

*Each dark-photon can decay to a pair of displaced muons

*Dedicated triggers are required to select events with displaced p pairs

*Specially designed low level triggers and muon detector upgrade from
ATLAS at HL-LHC can improve search sensitivity

> L L B B B L BB
) E 3 .y . ) 3
& 09F ATLAS Simulation Preliminary = Additional inner 5 E
$ 08F CT =domm  4—te——r < muon RPC layer Y osE =
3 0.7E B = i 3 - E
S) = ++ —~— 3 F E
» 065 —— = , , = E
@ b LT 3 Dedicated trigger O'Eg_ Leadingup, >10GevV T _]_ IR
oab 3 algorithm to select b Subrleadingup, > 5 GeV i E
0.32——: ¢ Run-2 :*:_F —E mU|tI-IJ' in a Single 0.33— : tg_n?l:::i?muon scan _l_ T —i
02F * HLLHC + 3 “region of interest”  o.f [=—toMu 'l' E
0_15_ _E Overall efficiency 0_15_ ATLAS Simulation Preliminary T _i
O vement 7% o ol
Transverse decay position of y, Lxy [m]
*Expected ct range exclusion at 95% CL :
Excluded c¢7 [mm)] Run-2 Run-3 HL-LHC HL-LHC
muonic-muonic (3.4 fb?) w/ LO muon-scan
BRH — 27, +X)=10% | 22 <cr < 111 | 1.1 < cr < 435 | 0.97 < cr < 553 | 0.97 < cr < 597
BR(H — 274+ X)=1 % 5 276 <cr < 102 | 218 < cor < 142 | 2.13 < or < 148

(assume BR(y,—up)=45%)

ATL-PHYS-PUB-2019-002
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Projection for Stau Search

*Models with light staus can lead to a dark matter relic density consistent with

cosmological observation

Interesting to search for pair production of staus at the LHC

s Assume :

*Degenerate scenario : m(f L) = m(%R)

G143

CMS pPhase-2 Simulation
500—

3ab’ (14 TeV)

| T T T | T T T | T

[GeV]

pp — 7T, m T, =m7 (YR18 syst. uncert.)

Expected exclusion 95 % CL

1

----------- 1 6 uncertainty on exclusion
Expected discovery 5 ¢

ms,

400

200

3/
Q: >
4,
£y 44
100 3

| I | | I I | | I I | | I I | | I I |

.
600

ATLAS @140 fb (expected)
ATLAS-CONF-2019-018

7800

m. [GeV]

ATL-PHYS-PUB-2018-048

CMS-PAS-FTR-18-010

*Search in signatures of :
* two hadronically decaying taus
* mixed hadronic / lepton

*Can exclude stau up to mass ~650 GeV

and discovery reach up to ~450 GeV for

massless neutralino.

30




Projection for Higgsino-like
Charginos and Neutralinos Search

ATL-PHYS-PUB-2018-031

CMS-PAS-FTR-18-001

*In natural supersymmetry scenario mass difference between the light Higgsino-like charginos

and neutralinos (., f(g , 5(? ) can be small
*This could lead to soft objects in final state

*Require a jet from 1nitial state radiation (ISR)
to boost the sparticle system in order to
trigger on the signals

*Need efficient reconstruction of lepton down
to a few GeV

)"(2 7(? ZT )Z: ZZ XT production, tanf =5, 1 > 0
T T LI I T T T T I

Pure Higgsino
I T T T T I

— T T T T I T T T T T T T —
% \ ATLAS Simulation Preliminary -
9 \ {s=14 TeV, 3000 fb" i
s \ All limits at 95% CL
BT \- Soft Lepton analysis .
o N S
s \
= | Seeoal
< 1 O I/ ~ ]
/ Se-ol R ]
7/ == 7]
Ve s i
o= - — — — - Expected limit (+10)
- 50 discovery n
Run 2 Limit (arXiv:1712.0811)
1 [ LeP excluded ]
] | T

PARNT IR N IN U T M A T T T N T T T T Y S MR A B R R
100 I 150 200 250 300 350 400 450
ATLAS @140 fb (expected) m@gg) [GeV]
ATLAS-CONF-2019-014

«Can exclude m( X ;’ ) up to ~350 GeV

Large gain in expected sensitivity with
respect to latest full Run2 results
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Searches with Displaced Vertex Slgnature

*A long lived particle may decay within the tracking Run2 ID T ITk
detector and lead to a displaced vertex signature RN
eLarger silicon tracking volume could detect longer \\\\\ \\\
lived particles \\S\‘ip \\\ \\\
*ITK detector: AN
Larger eta coverage and larger silicon volume PR IR S

T T T
1066 279 405 1000 [mm]

*Lower material budget

@ _
*Well reconstructed vertex require minimum J E
ey . o3 L _1ns N, >7 =
number of silicon hits after decay 8 1-2:— e T ]
< L _
ZE 1m_ > —&— [Tk Inclined Duals B
Hr - ==<3-- ITk Inclined Duals (w/ material){
Gluino R-Hadron, §—qqy®, m(x°) = 100 GeV 0.8 __-D"D--ﬂ--_ﬂ_ —-C:— ATLAS Run 2 “ )__
%- 4000: ITK extends - --{3-- ATLAS Run 2 (w/ material) |
8 se0of. ATLAS Simulation Preliminary the high hit |06 - E
S T {s=14 TeV, 3000 fb™, All limits at 95% CL, nB=1.8 35 acceptance to - .
£ 'O largeF; decay 0'45_ = _&_—5— _f
3400 ST T radius 02 E E
CZU S - O 506500 400 500" 600 700"* 800
= 1 Gain from higher energy
3000— ! and larger data sample : . R-hadron Decay Radius [mm]
1
C - I Additional
4 dLi 1M : ) .
ORI St 2 00, ; iar'g”efrmm *Use the search for pair production of
2600— 3 id . <
- 1 sodiscovery i silicon long lived gluino as an example to
soop | |detector study the improvement gain with the
2200 ATLAS 13 TeV, 33 fb”' (observed) I eqe .
M T new all-silicon tracking detector
2000—1I lLO.8I ILO.é I l041- ILO.ZI I IO = l0.2I I I0.4I I I0.6l l I0.8I = 1
0.1ns 1ns log,(=/INsD10 ns

ATL-PHYS-PUB-2018-033
Gluino lifetime 32




Exotics/SUSY Search Reach at HL-LHC

Section
Model spin  95% CL Limit (solid), 5 o Discovery (dash)  mm.xc HL/HE-LHC SUSY Searches st Simulation Prefminary
T | — I —T l T [ T | T | T | — HELHC, [£ds = 15ab™": 5o iscovey (95% CL exclusion) V=14, 27TeV
KK - 4b - - - - - - : 6.1.1 Model 6T,y Jets Mass limit Section
. n T . . 0 " . 0
|||||||||||||||||||||||||||_ . : : : . . . §aat 0 4ets 29(32)TeV mi)=0 211
HVT_} VV 1 |||||||||||||||||||||||||||- : 644 644 ié-@-'fifl}? 0 djets 52(5.7) TeV| m()??):ﬂ 211
- llllIllljlllllllllllllll:llll N N B
Gpg= W'W 1 ! 646 E ol 0 Ml 2328 ni 213
- (0} - ; 0
3 1ol 0 Muliple 2428 TV mi)=500Gey 213
5 1 622 622 .
Gﬁs ”_ NUHM2, i 0 Muliple2b 5559 TV 242
ZTC2 -t 1 6.2.3 64.6 P 0 Mutpe2b 14(17) T mi=0 212,213
Z’ 5 ﬁ_ 1 646 8 it 0 Mliple2b 06/(085) Te i fomy 212
Z,SSM / +t’_ : .n ? i b L1 0 Muliplel2b 3.16(365) eV 242
5 625 625
v : : R 2ep 04 Jts 065 (084) Te i 22
ZSSM 5 f’ff' 1 |||||||||||||||||||||||||||||n||||[|||||||||||||! : 6.25 6.24 gg iz Se 01 0115 il 222
, .'."."."1'11".'1':'1‘1".'1':'.".'.'1':'.'.".".‘:‘:"""'"""'""""""' ’ [y . - - oo
Z 5 T+T_ 1 : : ! 624 83 T via Wh, Whotuth tep 23el 08(1.28) Tel m{ty)=0 2.
S\/SM llIllllllllllllllllllllll‘lll : : : : Y& E/\“/?_)Wﬁi?wij“ 2e,4 0.9TeV] mg??):ﬁﬂ.ZSOGeV 224
O T , d . .
WSSM adld 1 IIIIIlIIIIIIIII:IIIIIIIIIIlIIlI‘IIIIIIIIIIIIIIIIiH: . 627 o TR0 B-zi owl 2ep 1iet 0.25(0.36) TeV mi,??)ﬂs(}ev 2251
W/ 5 fV 1 ||||||||||||||||||||||||||||||i|||||||||||||||I|||||||||||||_ 626 % B B0 ozl iowl 2ep 1jet 042 (0.55) TeV| m(,??)=15GeV 2254
S/SM _ _ |||u||||||||||I|||u|||n|||n||||||||||||u||:||n||u||||r : : : - 3 B D ) i 021 035 T G
W 5 tb 5 bbfv 1 '””””"””.””"”'""”‘.”: 626 T e an [ je 21035)Te iP5 ey 2252
*H " 1 lILI:I:IL“lI:I:II:ILHII:I:I:ILIL!:': EEEEEEEEEEEEENEERNEERARREEEEE 1 § X:K} viasame-sign W 2ep 0 08 (1.08) T 242
H : : : : : 1 6.4.6
Q _)” 2anans EnEmEEEEREEN llllllqlllllll: 4 ?qufo"fﬁ 27 0.53(0.73) TeV| mtﬂ):ﬂ 231
orana 5 qu 1 ||'||'|T||'||'|||||:|||||'||'||'|T||'||'E|'||'|T||'||'||'| '""":'"": 513 513 % = 20, 1le) 047 065) oM mOF?)-O i) 232
2 i I f T T : B ) o o B N
sEEnEEE . . . B | H i 2r.1(e.p) 081 (1.15) TeV] 71)=0, m(z,)=m(z, 234
Heavy (mN mE) % i .""': 511511 " B Bl MR )
i el R : : : : : T T ongled?;  Disegp. . 1t 08/(1.1) eV Wiollel! 411
/ - /Y 1 IIII""””“I:I"””I”““":””““E : : : : : 631 LT g D th i 06075 %) Higiotiel "
2 UL T L L]
EEEEEEENARNER . . . . " .
LQ a "r rOd. 5 bT 0 HIHL Sy ' . ' ! 523524 MSSM, Electroweak DM Disapp. trk. Tjet 088(0.9) TeV Wino-fike DM 413
(p P ) Jowmdawaaal : | - HE LHC : o MSSIL Eectowesk DIl Disep. t 1t 20021) T WiodleDM 413
LQ t 0 NI . . . mi 521 09 ' ) N
- /J ””””“”E r 27 Tev L 15 ab 4 E 3 MSSM, Electroweak DM Disapp. trk. Tiet 028(0.3) eV Higgsino-fke DM 413
Q- tr 0 fumne . . : 521 §g MSSH, Electioweak DM Disepp. bk Tt [DMmass 055(08) TeV Hogsnolke DM 413
- e P HL-LHC §Rhadion, g} 0 Miiple (g [(g) =01 -3 3478 nij=i0Gey 421
H H = Th/-/ f (NH)O :::": :“I“"“ r 14 Tev L 3ab1 511511 gR-hadron.g—nquﬁ' 0 Muliple 28TeV| 424
- t % % iy ] " i i i GHB G dip 0278 00 422
H H - Thf f f (IH) 0 LA | L 1 | | L1 | l 11| [ L1 | | L1 | | L1 | | L1 11811 ﬂ“ “
(£=6,0) 0 2 4 6 8 10 12 14 e T B arKiv1G1207831
) 107! 1 Mass scale [TeV]

Mass scale [TeV]
*Many more projection studies on Exotic/SUSY searches can be found at :

arXiv:1812.07831 33



Summary

*Many new results from ATLAS and CMS on the Run2 data have improved upon the
measurements not just with more data but also with improvement in the analysis
methods

*Tremendous work has been performed by the community to determine the physics
potential at the HL-LHC

*Higgs productions and decays can be measured to a precision of a few percent and
we may reach the discovery level of di-Higgs production at the end of HL-LHC

Large extensions can be made for Beyond SM searches with more data and
improve detector performance

*However reduction of systematic uncertainties, improvement of theoretical

understanding and innovation of advanced techniques will be important for the success
of the HL-LHC program.

ATLAS and CMS public projection studies :
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradePhysicsStudies

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR/index.html 34



Backup
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LHC HL-LHC

LS1 EYETS LS2 14 TeV 14 TeV
13 TeV energy
splice consolidation INJECTOR UPGRADE limi | got?nZ’lél
8 TeV button collimators TDIS absorber me?';?tliton HL-LHC luminosi
7TeV R2E project We are here 117 dipole & collimator regions installation | Yy
i\ ng. P1-P5 ﬁ‘ |
2011 | 2012 | 2013 ‘ 2014 | 2015 I 2016 I 2017 ‘ 2018 2019 | 2020 | 2021 | 2022 ‘ 2023 1 2024 | 2025 I 2026 |H ’H ‘ H 2038
" [
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS I Start Of
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
75% nominal kuminoelty POl ALICE - LHCb — 1 I HL-LHC
nominal upgrade l

luminosity /—
— [—)
EX EEX (300" ! hocty

® Peak luminosity =Integrated luminosity

6.0E+34 —— - 3500
Run 2 61
5.0E+34 - Lo L[ 3000
- 2500
4.0E+34 -
- 2000

*Have only collected ~5% of
the total dataset so far

3.0E+34 -

2.0E+34 -

Luminosity [cm2s]

- 1000

Integrated luminosity [fb™]

1.0E+34

1L-LHe

T ‘ o
25 36 27 28 29 30 31 32 33 34 35 36 37

0.0E+00 — ? — !
10 11 12 13 14 15 16 17 18 19 20 21

T T T T T

T
22 23 24

Year
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107"

1072

Production and Decay
gluon fusion (ggH)
associated prod. with W/Z

t
7 t ... H q w,Z
1_[ I LI l LI l LI L I LI I I S '\\ WZ /\j(\'}
g & I ’ ,m)'\}
o ! M(H)= 125 GeV % )
— k -~ ~
_ D + NLO EX) vector boson fusion (VBF) q (VH) H

- my, = 125 GeV
: : bb 58 observed
- y wWw 22 observed
3 E T 6.3 observed
- - cc 2.9 limits
- associated prod. @h tt _ Y54 2.3 observed
:LLI_I_l_l_LI_l_l_l‘ i d ||||||||||||1||||: YY 0.23 observed
6 7 #12 13 14 15 .

t LLLL 0.022 limits
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CMS PAS HIG-18-032

Fermions : H—>tt
*One of the decay channels to establish direct evidence for Yukawa couplings to

fermions
*Observed in Run 1 by combining ATLAS and CMS. Obs. significance = 5.5 ¢
Later observed by individual experiment
*Recent update from CMS (77.4 tb'!)
*Focus on ggH and VBF production
Employ NN classification to categorize signal and BG, improve sensitivity

*Measure cross sections of different production modes and kinematic regions
77.4 6" (13 TeV)

77.4 " (13 TeV
£106§-"'|""""|-'-'|-"'|(""g CMS_'
c - CMs = 1 5+B unc./bkg. Preliminary 1047
> Preliminary 0.8 — (H—tr)/bkg. @ | Thh 1.48 - 0.40
0 10°F 0.6 ¢ (Obs.-bkg.)/bkg. - .
~— = 0.4
S I o2 +0.26
» 10%E R e Ry ) E MTh 0.437 %
= F log, (S/(S+B)) 1
2 0.36
o 10°F E et 0.287 5
102 = — 1 +0.62
: ® i eu 397 )5g
10 =
E [CJepn et . +0.18
1L = Drh;h __ Inclusive 075 0.17
g -S+% unc. [l H-r (u=0.75) 3 ) ) Y
: ’ Observed 11 | 111 | | 11 1 | | I N Y Y Y N T N N N T N T A N |
N B S B R 0 0.5 1 1.5 2 2.5 3
-3 -2.5 -2 -1.5 -1 -0.5 0 Best fit My = UX/USM

Iog10(S/(S+B))
Signal at high S/(S+B) region u=1.09%%-%7 .. from analysis with 36 fb™* |,




Rare and Invisible Decays

*Direct searches for H—cc,

: P B AR Y-" *H—pu: very small decay
UL to pI:ObC Coupllngs to 21 S 10 f;tggsﬁ?ffgofg;v ggﬂj%ssun ? branching ratio
generation fermions £ =3 *Search signal mainly from ggH
*H—cc (13 TeV, 36 fb) —2HEm (o0 and VBF production
-Dhifﬁcult.: largej B?I,) Expt. ) It;irr(1li5t 0;<B;VI Data
challenging c-jet S (EXp) X
* c-jet tag eff. ~40%, b-/1- ATLAS | 2.1(2.0) Run2(80fb?)
e N ;i CMS | 2.9(2.2) | Runi+Run2(36fb)
.Upper limit on G(ZH_>HCC) g 822;6‘0' 80700 120 140 160 1£|30| 200
. : e ATLAS-CONF-2018-026
Obs < 2.7 pb (110xSM) il CMS PRL 122 (2019) 021801

ATLAS PRL 120 (2018) 211802

*In some BSM Higgs boson may act as a portal between SM sector and dark sector

* =>Higgs can decay into dark matter particles (invisible decay)
*Perform direct searches in : I m/vv/

e ggH : H—inv +\
* VBF : qq—qqH—qq+inv (most sensitive) inv

* VH : V—ll,qq, H—=inv
* ttH : H—=1nv (not in CMS combination)

*Combined results from all channels, set
limit on BR(H—1nv) at 95%CL.:
* ATLAS : BR(H—>inv)<0.26 (0.17+097, ) CMS arXiv:1809.05937
« CMS :BR(H—inv)<0.19 (0.15) ATLAS arXiv:1904.05105

SM

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

491" (7 TeV) +19.7fo" (8 TeV) + 38.2fb™" (13 TeV)
I T ]

E CMS

o o
O
|

e
N ™

[ —e— Observed
E --e- Median expected
= [ 68% expected

- 95% expected -

g
2}

e

S

ana
|

o o o
w o
e
|

N
TTTT T

o
o

0 o | |
Combined 7+8+13 TeV Combined 13 TeV Combined 7+8 TeV
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CMS Highest di-jet Mass Event ﬁt CMS

Wide Jet 0:

AK4 Jet 0,
pt=3.5TeV pt=2.16 TeV
Mass = 1.8 TeV cat et . o
phi = 1.47 Consists of 2 wide jets
*m;; =8 TeV
L )
AK4 Jet 2, ’
pt =1.68 TeV
eta=0.21
phi = 2.45
AK4 Jet 3,
pt =1.40 TeV
eta=-0.74
phi =-1.17
TR Wide Jet 1:
et1, _
pt = 1.99 TeV pt=3.4 Tev
eta=0.29 Mass = 1.8 TeV
phi = -1.27
CMS Experiment at LHC, CERN
Data recorded: Sat Oct 28 12:41:12 2017 EEST

Run/Event: 305814 / 971086788
Lumi section: 610
Dijet Mass: 8 TeV



Resonance Search : di-boson ATL-PHYS-PUB-2018-022

*Projection is studied for X—=WV, W—lv and V(W,Z2)—qq

*Search for heavy resonance in ggF/qq and VBF production modes, and in resolved and boosted
categories (for the decay of V)

*Search prospect is interpreted in context of HVT, bulk RS model, narrow heavy scalar resonance

HVT Model A
----- HVT Z' 1TeV

HVT Z' 3TeV

» —r — = 10° g e
qc) 1 08 ATLAS Simulation - ?;I:)osons S 1 02 ATLAS Simulation Expected 95% CL Limit 300fb™
> . T N \s=14 TeV
w 107 \s=14 TeV,J- L dt=3000fb" ] a;nglte-t = 10 qq HVT W' > WZ — — Expected 95% CL Limit 3000fb™
I W+jets n )
108 Resonant ggF/qq Merged Region [ Z+jets _T [ Expected Limit 3000fb™ (+ 10)
5 XY SM Total (6%, ory) = 1 [ ] Expected Limit 3000fb™ (+ 20)
10°"™e. HVT Z' 0.5TeV T
RS
©

10°E 107? .
102 T Exclusion
10 e
1 10 TS, T
107 107°
clev v b bv v by b b b by o NLS
6 05 1 15 2 25 3 35 4 45 5
m(lvd) [TeV] mass [TeV]
*Expected exclusion limits at 95% CL A AR 7
et = Imuiation —
E 10 E \s=14 TeV E
HVT, | HL-LHC | 13TeV, 36 fb-1 A
2 ne Discovery
model A JHEP 03 (2018) 042 S 10°E .
‘» C .
2 _ _
w’ 4.9 TeV 2.9 TeV E jpL _;
-l E 3
VA 4.9 TeV 2.85 TeV i -
102 =
5 o discovery reach is up to ~3.5 TeV - oy improved Tagger
Additional improvement in W/Z tagger 10g TR T I

1|||2|||3 5

can extend reach to ~3.9 TeV
mass [TeV] 41



Long Lived Charginos and Neutralinos

*Near mass degenerate of light charginos and neutralinos may become long lived as a
consequence of the heavy higgsinos

*Can use the MIP Timing Detector (MTD) of
CMS HL-LHC to improve the search sensitivity

*MTD can measure minimum ionizing particles
(MIPs) with time resolution of ~30ps

*Can assign timing for each vertex

*Measure TOF of long lived particles Measure
vertex time 14
*Use the measured displacement between the
vertices in space and time and the energy of T T T oo
the visible decay products (Z*—/I) to construct | e
the Am(XZ’Xl ) 400} —_ci-0dem

*Can use Am as an additional discriminating

variable to improve the search sensitivity 2001

m(77)=400 GeV |

CMS CERN-LHCC-2017-027 m(%,)=390 GeV |

0 | . , N 1 | | h - PR ! "
0 5 10 15 20

AM (GeV) 42




Updates on H—=yy , H—>ZZ"—4l

CMS PAS HIG-19-001
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Projections for Differential Distributions Measurements

AG/Ap:' (pb/GeV)

Ratio to prediction
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Systematic Uncertainties

Scale Factor

Jet energy scale, forward region
Jet energy scale, Jet punch-through
High-pt jet energy scale
H — ~~ background modeling
40 myy
PDF
Jet flavor
Jet energy scale
Pileup modelling
QCD scale

Underlying event and parton shower modeling

Higgs branching ratios
Photon energy scale and resolution
Photon reconstruction, ID, and isolation
qq — Z Z irreducible background
Luminosity
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Scaled by 0.25
Scaled by 0.41
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Am(T. %) [GeV]

Charginos and Neutralinos Search

? duction, tanf =5, 1 >0
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Projection for Higgsino-like
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HL-LHC projection study
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Possible HL-LHC Triggers

ATL-PHYS-PUB-2019-005

Table 2: Representative trigger menu for ATLAS operations at the HL-LHC. The offline pt thresholds indicate the
momentum above which a typical analysis would use the data. Where multiple object triggers are described only
one threshold is given if both objects are required to be at the same pr; otherwise, each threshold is given with
the two values separated by a comma. In the case of the e — yu trigger in Run 2, two sets of thresholds were used
depending on running period, and both are listed. This table is a subset of Table 6.4 from the TDAQ TDR [10].

Run 1 Run 2 (2017) Planned
Trigger Offline pr | Offline pr HL-LHC
Selection Threshold Threshold Offline pt
[GeV] [GeV] Threshold [GeV]
isolated single e 25 27 22
isolated single u 25 27 20
single y 120 145 120
forward e 35
di-y 25 25 25
di-e 15 18 10
di-pu 15 15 10
e— U 17,6 8,25/ 18,15 10
single 7 100 170 150
di-t 40,30 40,30 40,30
single b-jet 200 235 180
single jet 370 460 400
large-R jet 470 500 300
four-jet (w/ b-tags) 45(1-tag) 65(2-tags)
four-jet 85 125 100
Ht 700 700 375
ERS 150 200 210
VBF inclusive 2x75 wl (Anp > 2.5
(di-jets) & Ap < 2.5)
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Example of S1 and S2 CMS-PAS-FTR-18-011

Uncertainty Scenarios

Table 1: The sources of systematic uncertainty for which minimum values are applied in S2.

Source Component Run 2 uncertainty Projection minimum uncertainty
Muon ID 1-2% 0.5%
Electron ID 1-2% 0.5%
Photon ID 0.5-2% 0.25-1%
Hadronic tau ID 6% 2.5%
Jet energy scale  Absolute 0.5% 0.1-0.2%
Relative 0.1-3% 0.1-0.5%
Pileup 0-2% Same as Run 2
Method and sample 0.5-5% No limit
Jet flavour 1.5% 0.75%
Time stability 0.2% No limit
Jet energy res. Varies with pr and 7 Half of Run 2
MET scale Varies with analysis selection Half of Run 2
b-Tagging b-/c-jets (syst.) Varies with pt and 7 Same as Run 2
light mis-tag (syst.) Varies with pr and 7 Same as Run 2
b-/c-jets (stat.) Varies with pr and 5 No limit
light mis-tag (stat.) Varies with pt and 7 No limit

Integrated lumi. 2.5% 1%
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