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Why the HL-LHC ?

 strong case to go on exploring the TeV scale:

— Standard Model works very well but does not explain everything

 low mass of Higgs boson and naturalness hypothesis advocate for the
existence of new particles at the TeV scale

» SM does not provide Dark Matter particle candidate
— currently no evidence for new physics

e HL-LHC will deliver 3000 - 4000 fb+, allowing

— detailed studies of the Higgs boson : standard model or BSM ?
— precise measurements of standard model, rare processes:
Indirect evidence for new physics ?

— search for new particles and processes at the TeV scale (dark matter?)
— Investigate any anomaly / signal found at Run 3

* My apologies to LHCb, ALICE, heavy ion running
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Detector upgrades

ATLAS Detector CMS Detector

o Inner tracker o Silicon tracking system
Completely replaced Completely replaced
Improved momentum resolution Improved momentum resolution
Extend |n| coverage from n|<2.5 to n|<4 Extend |n| coverage from n|<2.5 to |n|<4

o Calorimeters o Calorimeters
LAr: entirely new frontend and readout ECAL barrel: improved front-end electronics.
electronics HCAL barrel: replaced read-out technology and
Tile: new frontend and readout electronics, scintillator tiles close to the beam line.
power supplies and optical link interface ECAL and HCAL end-caps replaced by a new
boards combined electromagnetic and hadronic

© Muon spectrometer sampling calorimeter
Replace large fraction of frontend and on- and o Muon spectrometer
off-detector readout and trigger electronics Replace front-end electronics for drift tube and
Additional muon chambers cathode strip chambers

o Trigger & data acquisition Additional muon chambers in the forward region
Trigger and DAQ at L1 and HLT (10 kHz) o Trigger & data acquisition

o High-granularity timing detector Trigger and DAQ at L1 and HLT (7.5 kHz)
Will be installed covering 2.4 < n| < 4.0 in front o Minimum ionizing particle timing detector
of the LAr calorimeter to reduce background Will be installed between the tracker and the
from pileo jets ECAL

Resist high radiation, better resolution, extend coverage, install timing layers,
fast trigger, fast read-out and higher band-width

CLHCP Hongbo Liao, IHEP 27/10/2019 4



ATLAS & CMS upgrade documentations

CMS

o Letter of Intent ( CERN-LHCC-2012-022 ) © CMS Phase-1l TDR ( CERN-LHCC-2015-010 )
o Phase-11 Upgrade Scoping Document o Phase-11 Upgrade Scoping Document

( CERN-LHCC-2015-020 ) ( CERN-LHCC-2015-019 )
o ITK Pixel TDR (CERN-LHCC-2017-021 ) o Tracker TDR ( CERN-LHCC-2017-009 )
o ITK Strip TDR ( CERN-LHCC-2017-005 ) o Barrel Calo TDR (CERN-LHCC-2017-011 )
o LAr TDR (CERN-LHCC-2017-018 ) o Endcap Calo TDR (CERN-LHCC-2017-023 )
o Tile TDR (CERN-LHCC-2017-019 ) o Tile TDR (CERN-LHCC-2017-019 )

® Muon TDR (CERN-LHCC-2017-012 )

® Muon TDR (CERN-LHCC-2017-017 )

© TDAQ TDR (CERN-LHCC-2017-020 ) ® L1 Interim TDR (CERN-LHCC-2017-013 )
o HGTD technical proposal (cern- o DAQ Interim TDR (CERN-LHCC-2017-014 )
LHCC-2018-023) o Timing detector (CERN-LHCC-2017-027)
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u-jet rejection

Detector Performance

Tag b-jets Photon Reconstruction
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v' Expect similar or better reconstruction of physics objects at
HL-LHC compared to Run-2
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Physics Projection at HL-LHC
v' Assume center of mass energy at 14 TeV and total integrated luminosity is 3000 fb!

v" Methods for projection:

« Detailed simulations are used to access performance of reconstructed objects in
upgraded detector and HL-LHC condition

« Extrapolate existing results and take into account of increase in energy and
performance of upgraded detector, or use parametric simulations to
allow full re-optimization of the analyses that profit from larger dataset without
requiring all samples to be simulated in HL-LHC conditions.

Systematic uncertainties are taken into account based on studies performed
for existing analyses and use common guidelines for projection.

v Example in the case of Higgs projection studies:

«Scenario-1 (S1) : Conservative, use uncertainties of current Run-2 measurements
assuming the higher pile-up effects will be compensated by detector upgrades.

«Scenario-2 (S2) : Uncertainties approximately %2 of Run-2, assume improvements
due to upgrade and reduced uncertainties on the methods reached at the end of
HL-LHC. Uncertainty due to size of simulation is negligible. Luminosity uncertainty ~1%.
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CERN yellow report

Many new projections on physics reach came available

CMS Physics Studies ATLAS Physics Stud
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« Short summary of recent results on a few topics and show their potentials at HL-LHC

SM (Higgs, Top and EWK) and BSM (Exotics searches and SUSY)

CLHCP Hongbo Liao, IHEP 27/10/2019 8



Projection of SM (Higgs, Top and EWK)
at the HL-LHC
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Projections for Higgs Signal Strength, Couplings, Mass, Width

- Combined all major production/decay mode measurements (assume S2 scenario)

‘ Productions (ATLAS+CMS ‘
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Tatal

Gauge boson decays can
reach ~3% precision

Fermion decays (bb,tT)
can reach ~3-4%

U can be observed
with ~8%
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Expected relative uncartainty

Higgs mass, width

v' 4 |epton (ZZ*) channel has the best precision
v" Mass value will be driven by muon channel
Expected Higgs mass precision with 3 ab™ (ATLAS)

Ay (MeV) | Ay (MeV) A (MeV)
Current Detector 52 39 35
pt momentim resolution improvement by 30% or similar 47 30 37
p momentum resolution/scale improvement of 30% / 50% R 30 24
4 momentum resolution/scale improvement 30% / 80% 33 30 14

Width: 4.1 MeV (Run2: ATLAS < 14.4 MeV and CMS < 9.2 MeV)
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Projections Higgs Differential 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 and H—ZZ—4l channels

Ratio to prediction

CMS Projection 3000 fb' (13 TeV)
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« Expect to probe with precision of ~10% at Higgs p; ~350-600 GeV
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Projections for Rare Higgs Decays

Ys = 14 TeV, 3000 fb”, qu>=200
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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
» =>Higgs can decay into dark matter particles (invisible decay) ‘ CMS-FTR-18-016

*Studied potential with VBF channel

* Pileup suppression will be very important

0
* Degrade MET resolution }
* False identification of pileup jets as VBF jets in
forward region e
*Expect can reach upper limit of BR(H—inv)~3.8% Y

at 95% CL (assume SM VBF production)
 5X smaller than current best limit
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Di-Higgs : Projection for HL-LHC

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

95% CL exclusion limit on ,,, /a5

e e e e 6 B s e o
ATLAS Preliminary
10 1 Projection from Run 2 data, Vs =14 TeV, HH— bEt‘:'

=m Current systematic uncertainties
----- MC statistical uncertainty neglected
— Baseline

— Mo systematic uncertainties 3
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« Vary the scenarios of systematic uncertainties
* High pileup at HL-LHC may require to raise trigger threshold (maybe a challenge for bbbb channel)

Statistical-only
ATLAS CMS

Statistical + Systematic
ATLAS CMS

HH — bbb 1.4 1.2 0.61 0.95
HH = bbrr 25 1.6 2.1 1.4
HH = bbyr 2.1 1.8 2.0 1.8
HH = bbVV (llvy) 0.59 - 0.56
HH = bbZZ(4l) 0.37 - 0.37
combined 35 2.8 3.0 2.6
Combined Combined
4.5 4.0

v Combine ATLAS + CMS : 4.0 o (stat.+syst.) (4.5 o (stat. only))

ATLAS and CMS HIL-LHC prospects

3 ab-' (14 TeV)

68% Cl

SM HH significance: 4o

0.1 < x2<2.3[95% CL]
0.5 < x3 < 1.5 [68% CL]

—— Combination
== bbyy
“~ bbrr
-~ bbbb
bbZZ*(41)
== bbVV(ivk)

v" Precision of self-coupling modifier k can reach ~50%

* May have a chance to reach the evidence level of di-Higgs production at the end of HL-LHC
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top mass

 Projections using various techniques

- . - . . ATL-PHYS-PUB-2018-042 and CMS PAS-FTR-16-006
— kinematic reconstruction of ttbar or single top final state

- . . > 018
b Jet SyS'[ema'[ICS domlnate & 016;— ATLAS Simulation Preliminary =
o = iVS=14TeV. 3000 fb” AT
— usage of b-jet information via J/ final state 2 O i peomng:
] ] ] 3 F m=176 GeV
« uncertainty on modelling of b-fragmentation or b- g of
decay dominate g
2 0.06

 small BR, limited by statistics 0.04f

0.02f

— top quark mass from cross sections or distributions o>
« theory and luminosity uncertainties dominate R s 3
R e
. - . ey . 0.9 e -
— Usually ambiguity of top mass definition not considered T N T N

m(l u*w’) [GeV]

« ATLAS projections using only J/iy final states

— Statistical uncertainty 0.14 GeV,
systematic uncertainty 0.48 GeV (0.28%)
« CMS projections

— Can reach between 0.1%-0.7% precision

CMS

3 ; Preliminary Projection

t

=== )N JHEP 12(2016)123
== o (tt), JHEP 08(2016) 029
sec. vix, PRD 93(2016)2006
----- single t, arXiv:1703.02530
I+jets, PRD 93(2016)2004

..........

Total uncertainty on m [GeV]
n

o
Runl 0.3ab’, 14TeV 3ab”’ 14 TeV
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4-top production

* Projections are focussed on SM measurement

— Rare process benefits from increased luminosity

* ATLAS and CMS studies in 2 same charge leptons
or 3 lepton channel, = 6 jet, = 3 b-tagged jets

* Expect evidence for tttt with 300/fb at 14 TeV

« Sensitivity to top Yukawa coupling modification is high

© 14TeV3lab o(titf) = 13.14 — 2.01k; + 1.52k; [fb]
- 27 TeV 15/ab o(titf) = 115.10 — 15.57k7 + 11.73x} [fb]

Int. Luminosity V'S Stat. only (%) Run2 (%) YR18 (%) YRI18+ (%)

-1 30 43 36 36
300 fb 14 TeV a0 5 b+ +36

3ab! 14 TeV +9 k7 i +18

Also provided limits on EFT-couplings

T T
cms
B[~ rrojection
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O =(Quy"Qu) (Quy,uQr)

@E;” = (Qr7uQw) (FRYutR)

0538] = (Q_LTHTAQL) (fR’)';eTAfR) -

ATL-PHYS-PUB-2018-047
CMS-PAS-FTR-18-031

Chin. Phys. C42 (2018) 2, 023104
Phys. Rev. D 95, 053004 (2017)
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Events/bin
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- ase-2 Sanaguen Prekminay 3 b (14 Tey

— WW(EWK)
— WW(QCD)
t

Wy

—
T —

.....

600 800 1000 1200 1400 1600 1800 2000
m, (GeV)

ENE NI NN

3
:

Vector Boson Scattering

7001~ . ) y
- ATLAS Simulation P

6001 {Z.14 Tev, 2000 ™'

. - WwW*
soof— 5

reliminary

I I ]
) Wi (Ew)
W'w'j (QcD)
| R\rivri
B Charge Mis-10

Other non-prompt _:

Cross section uncertainty (%)

pleaadieg

o I——
500 1000 1500 2000 2500 3000 3500 4000 4500

5000
m, [GeV]
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with YR18 syst uncert
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WW EWK is observed by both ATLAS and CMS with >5 sigma significance
The WZ EWK is observed by ATLAS (CMS) 5.3 (2.2) sigma
The ZZ EWK by CMS 2.7 obs
5sigma observation for all processes, with very good precision at HL-LHC
ESTTES
Differential cross sections available even for ZZ ‘ }i{,‘,”;fifm ‘Lﬁjj ;‘;ﬁ ;Ej ﬁj
Phys. Lett. B 774 (2017) 682 ‘ Precision 6% 6% 65% 10-40%
arXiv:1812.09740 Significance | >50 >50 >50 >50
arXiv:1901.04060
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VBS and LL Scattering Significance

» The total vector boson scattering is composed of three
components, depending on the polarization of the final- e
state vector bosons: both longitudinally polarized (LL), both 4

v

v

Expected Significance [o]
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Tri-boson production

2 220 .
g 200;_ ATLAS Simulation Preliminary g : l A ) I””'l"'I"rq”'r[””’”:
E 180 {5=14 TeV, 3000 b’ o 250 ATLAS Simulation Preliminary =]
& 160[ ot E Ys=14 TeV, 3000 b’ ]
" 140 !E] VW = 515 OSFOR1 % 200 -
120;_ I Fake-lepton O - E ;'V:V;O—; 4)12v (DFOS) ;
100 S Top 150} T —
= B Higgs+X - op R
80F B Triboson 1 Fake-lepion .
60— Bl Triboson .
4oF W Higgs+X E
20f E
] 100 150 200 250 350 450 500 ;
my [GeV] J
p! [GeV]
. % 22 £ TT iyttt lstTt[ttyrrrsry?e T LA L ._:
* VVV production has a low cross & - anssmusionpreimeary =
. ES 18 ;— 5=14 TeV. 3000 fb" =
section but can be measured at £ o :
. . L (vl E
the HL-LHC in different channels  «f =™ -
10 I Diboson =
WWW, WWZ, WZZ - figos X ;
’ ’ 8? Bl Triboson =
Process WWW WWzZ WZZ 2f =
Final state 3€3v 4£2v 5¢v Q= R
Precision 11% 27% 36% (GeV]
Significance || >56 300 3.00 o
CLHCP Hongbo Liao, IHEP 27/10/2019 19



Projection of BSM (Exotics searches and SUSY)
at the HL-LHC

CLHCP
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Search for New Physics : Exotics

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Frsliminary
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v Exotics searches at the LHC cover many different models
v' Several searches have already been performed with full Run2 data
v" Will only summarize a few topics and provide their potentials at HL-LHC
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Resonance Search : di-lepton, lepton+MET

di-lepton lepton+MET

_f£10115‘ i rrTTTTg T T T E| ﬂ 109 LI | T T T T T T T E

5100k ATLAS Simulation Preliminary g & 10° ATLAS Simulation Preliminary -

D oo Z —ee, \s =14 TeV, 3000 fo” = e ; W' — ev, \'s = 14 TeV, 3000 fb”
108 =l 3 10 —— Wigqy (6.5 TeV) E
10F Oz E 10° w .

o 3 10° [ E K
105 = —Z'se (5 TeV) g s )z 3
104 e E 103 [ pi-boson E
10°E E 10 =
102 3 E 102 =
1078 E 10 3

10 = 3

1k = 1 E

=l L | | I TR rm | = —1 L L | I s |

7010° 2x10° 10° 2x10° 10* 2310 10°  2x10° 10*

Dielectron invariant mass [GeV] Transverse mass [GeV]
HL-LHC Run2
(EE"' i '—1) HL-LHC Run2 W SSM Exclusion | Dhiscovery | Exclusion
(139 fb'1) ' [TeV] [TeV] [TeV]

Model Exclusion Discm‘:;‘ry Exclusfon ATLAS (ev, m,.) 70 77 58

Z(SSM) | 65 6.4 5.1 CMS (1) 7.0 6.4 4.0

Z’(v) 5.8 5.7 4.5 (36 fb1)

ATLAS (,v) 3.8
(36 fb1)

» Extend Z'gg,, exclusion limit by ~1.4 TeV

» Overall uncertainty ~6.5%Xm, [TeV] » Extend exclusion W'sgy, mass by ~2 TeV

ATL-PHYS-PUB-2018-044
Hongbo Liao, IHEP

CMS-FTR-18-030
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Resonance Search : di-boson

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

v Search for heavy resonance in ggF/qq and VBF production modes, and in resolved and
boosted categories (for the decay of V)
v' Interpret search prospect in context of HVT, bulk RS model, narrow heavy scalar resonance

ATL-PHYS-PUB-2018-022

—_
o

w
T

L L L B B L B

T o ETTT 3
g ATLAS Simulal,ﬁon E_E_'::W"S % 102 % :ls':ﬁ:?rf\:{mulaﬁo ------- Expected 95% CL Limit 300fb" é
L.LI 1s=14 T&V.J L lt=3000fb " E airnglzt % o\ HVT W — Wz ; Expected 95°% CL. Limit 30001t 3
. +je E Expected Limit 3000fb™ (+ 16) 3
Resonant ggFigg Merged Region %3‘,311;‘ . {B:‘:mw: % 1% |:| Expected Limit 3000fb™ (= 20) é
..... HVT Z' 0.5TeV a e HVT Model A 3
cee HVT 2 1TeV S 107" E
HVT Z' 3TeV © B 3
1072 3 E
10°F E
107 10—% 3
Clov o b by bvnn b by by b baw g o [
- R — 05 1 15 2 25 3 35 4 45 5
m(ivd) [TeV] _ o | n"lnafss' [TeV]
» Expected exclusion limits at 95% CL 2107 ATLAS Simulation
Te]
s]
HVT, HL-LHC | 13 TeV, 36 fb-1 > 10
model A JHEP 03 (2018) 042 8
E qp?
W’ 4.9 TeV 2.9TeV 3
Z 4.9 TeV 2.85 TeV 107
==-- HVT W' Improved Tagger
5 o discovery reachisup to ~3.5 Te V ; T Rea e o
0 .
«Additional improvement in W/Z tagger S S S R
can extend reachto ~3.9 Te V mass [TeV]
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Dark Matter Searches

* 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
particle recoiling against it.

* Signature : Large E{™ss + X

Mono-Z (ETmiss+ 2Ieptons) Seartches ?re stqnsmve . | |
(Exclusion) o systematic Mono-jet (E;™Mss + jet)
= uncertainties .
CMS Projection 3.0ab! (14 TeV) (Exclusion)
. IGD'-‘ [yl L T T T 7 | T T T ‘ T 1T ‘ L I T T T 71 L i
= with YR18 syst. uncert. L \ :G>> 1400 ATLAS Simulation Preliminary B
= = with Run 2 syst. uncert. o S L Vs= 1 -
800 : >_ L s=13 TeV, 3ab exp. sys. x1, th. sys. x1 B
=== with stat, uncert. only -~ E* L . ]
=1 1200 Axial-vector Mediator —
. C Dirac Fermion DM exp. sys. x1/2, th. sys. x1/2 |
Vector mediator, Dirac DM _,=*"*, & [ 6 20250 <1 ]
] _ _ 'l. 1 000 - gq Te gy_ - exp. sys. x1/4, th. sys. x1/4  _|
S 6001 g, =0.25,gom=1.0 2 “E‘ - 95% CL limits ]
¥ . -— - jecti un- i
) : o : 800j Projection from Run-2 data ]
= : [¥] - N
g = 2 600 =
. n
. o C ]
200 . E 400; 7:
H u - :
p \ . ¢ 200 n
. x
0 . 0.1 = "'-.-—.-'_ v b b b e by P
200 400 800 10;3; ;1;“0 1400 1600 1800 ATLAS 36fb-1 00 500 1000 1500 2000 2500 3000
My (Ge
’ JHEP 01 (2018) 126 m, [GeV]
CMS 36fb™ - Discovery could be reached for a
EPJC 78 (2018) 291 signal with DM mass of 1 GeV and
Large improvement compared to current LHC results mediator mass of 2.25Te V
CMS-PAS-FTR-18-007 ATL-PHYS-PUB-2018-043
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Signal efficiency

Long Lived Dark-Photons

v In some BSM a pair of long lived dark-photons (y,4) can be produced

from Higgs boson decay (H—2y,+X)
v' Each dark-photons is light and boosted:

-- can decay to a displaced collimated jet of muons

v' Dedicated triggers are required to select displaced u pairs

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

L A AR AR AR AR RRRERRRE Additional O ! T 3
0.9 ATLAS Simulation %" Inner RPC layer 3 09;:_._|_-—|—-—i—-+-""""""+. = =
0.8 ¢ty = 49 mm -+ = LR ; e a8 ]
0.7 ++ = 1 = 075 “LHC + o i | =

E DURSEES 3 = cr, =4.9mm =+ E
0.6 —— = . . os  C =
E - 3 Dedicated trigger i T e + E
0-5;_ ., E .. “E Sub-leading p p. > 5 GeV =
04E o 1 Overall efficiency 0k ' + E
" Ee *+., 3 . ~0 £ [— Lo_muio | 3
035 * Run-2 = Improvement 7% 031 L0 multi-muon scan +_|_ =
0.2F * HLLHC + o [ HOMUE E
0 15_ E 0_1:_ ATLAS Simulation Preliminary _j_ E
00E = # 5 :lg vy é é 7‘ é : “@E T I - ¥ R—Y u.'usE
A [rad]
Lxy [mm]
* Expected cT ranged exclusion at 95% CL :
Excluded c¢r [mm)] Run-2 Run-3 HL-LHC HL-LHC

muonic-muonic

w/ L0 muon-scan

BR(H — 27, + X)=10 %

22 <ecer <111

1.15 < or < 435

0.97 < cr < 553

0.97 < cr < 597

BRH — 27, + X)=1 %

2.76 < or < 102

218 < or < 142

213 < or < 148

assume BR(v4—Hp)=45%)

ATL-PHYS-PUB-2019-002

30
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Exotics Search Reach at HL-LHC

Secti
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v' Many more projection studies on Exotic searches can be found at arXiv:1812.07831

CLHCP Hongbo Liao, IHEP 27/10/2019
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SUSY Search Reach at HL-LHC

arXiv:1812.07831

HL/HE-LHC SUSY Searches I . et Simulation Preliminary
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» Many studies of potential reach of SUSY searches at the HL-LHC have been performed
» Significant extension of reach from current Run2 results
» Present a couple of these studies

CLHCP Hongbo Liao, IHEP 27/10/2019 27



v" Models with light staus can lead to a dark matter relic

Projection for Stau Search

ATL-PHYS-PUB-2018-048

CMS-PAS-FTR-18-010

density consistent with cosmological observation

v’ Interesting to search for pair production of staus at the LHC

m;, [GeV]

CMS Phase-2 Simulation 3 abJ {14 TEU} I
S00——————— 7 '
L pp— T, mz, =mz (YR18 syst. uncert) ] )
B Expected exclusion 95 % CL '
400 - 1o uncartai_nly on exclusion |
i Expacted diecavery 6 o i Search in signatures of :
i i two hadronically decay taus
300 n mixed hadronic / lepton
200 - : . o
. Exclusion (discovery) sensitivity from
. each experiment up to ~650 (~450) GeV
1001+, E
r i Only just getting sensitive at Run2 due to
- f T R N low production cross section
/ 200 400 600 800 « (< 1 fb for m(stau)>400 GeV at Vs=14 Te V)
m. [GeV]

ATLAS @140 fb " (expected)
ATLAS-CONF-2019-018
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Projection for Higgsino-like

Charginos and Neutralinos Search | arervsrus-20s0s

CMS-PAS-FTR-18-001

* In natural supersymmetry scenario mass difference between the light Higgsino-like
charginos and neutralinos (%,’, x,. %,) can be small

* This could lead tc soft objects in final state J 1
*Require a jet from initial 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

ZZ i?, Zg i; iz iwi production, tanf =5, L > 0 Pure Higgsino
% ATLAIS Simulelttion Prelilminary :
S Ys=14 TeV, 3000 fb" i [
S All limits at 95% CL L
g Soft Lepton analysis .
S .
g 10 T ] « Can exclude m( %, ) up to ~350 GeV
o ] * Large gain in expected sensitivity with
s respect to latest full Run2 results
5¢ discovery T
Run 2 Limit (arXiv:1712.0811)
1 | | | | [ ] LEIP excluded | —
100 I 150 200 250 300 350 400 450
ATLAS @140 fb* (expected) m(%,) [GeV]

ATLAS-CONF-2019-014
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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

« Can assign timing for each vertex
» Measure TOF of long lived particles

» Use the measured displacement between the
vertices in space and time and the energy of
the visible decay products (Z —Il) to construct the

~0 ~0 :
Am (3, %)
— cr=3.0cm

*
i ct = 1.0 cm

400 -

- Can use Am as an additional discriminating '
variable to improve the search sensitivity ' |

200

CMS CERN-LHCC-2017-027
m(j1)=400 GeV |
m(%)=390 GeV |

GICl 5 10 15 20
AM (GeV)
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Summary

v' 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

v" Huge work has been performed by the community to determine the physics
potential at the HL-LHC

-- Higgs couplings can be measured to a precision of a few percent

-- We may have a hint of evidence of di-Higgs production at the end of HL-LHC

-- We may have discovery of some rare productions and decays:

4 top, tri-boson, H—pp.....
-- Large extensions can be made for Beyond SM searches :
* High resonance masses can be excluded (discovered) up to ~8 (~7) TeV

« Dark matter searches reach can be extended by more than 50% compare to present results
« Significant extensions in SUSY searches are also expected

To reach the success of the HL-LHC program.

v' Upgraded detectors

v" Reduction of systematic uncertainties

v Improvement of theoretical understanding
v Innovation of advanced techniques

— Hard and exciting work for the next ~15 years !
CLHCP Hongbo Liao, IHEP 27/10/2019 31



Backup
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LHC / HL-LHC time-line
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Phase-2 luminosity

instantaneous
integrated
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Challenges

high pileup from 140 to 200
high irradiation

Integrated luminosity [fb]




Phase-2 detectors requirements

maintain and improve the
current physics performance
during the entire HL-LHC

detectors must resist to the high
radiation levels : many have to
be replaced in LS3!

Improve the detector granularity
(trackers, forward calorimeters)
install timing layers

fast trigger and fast read-out

higher band-width

* upto10/7.5kHzin ATLAS/CMS
with 5 times more tracks
and >5 times more channels)

-> computing challenge !

below the red line: beyond limit of currently used

detector technologies in several systems

high-pileup run in 2018
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Vector Boson Scattering tagglu et (4)

tagging jet (3)

* In the VBS topology, two incoming quarks radiate
bosons which interact - final state of two jets and two

massive bosons decaying to fermions
QGC vertex

q q3

s channel

« This final state can be the result of EW
production with and without a scattering
topology, or of processes involving the strong
interaction.

q2 q4

- Two “tag” jets with large rapidity separation and large

i

invariant mass give a good experimental signature + e i
v = f2
3 £
« Backgrounds differ depending on final state , -
8 P & ' s channel ' t channel
Higgs Higgs
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