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ATLAS+CMS White Paper contents: Different methods to establish sensitivity:

12 new FTR Use
PASes + 6 approved within Run2 existing samples, scale results to cross
analyses. section and higher luminosity for different
3 more FTR PASes approved after WP, systematics scenarios. —> ATLAS and CMS

Use events with
dedicated Phase-2 parametrized detector

_ simulation DELPHES. —> only CMS.
Focus of studies:

Uncertainties treatment — different options used:
Focus on not (easily)

accessible with the current data. Use Run 2 values

A set of reduced

Exploit uncertainties anticipated for Phase-2.

The ultimately
optimistic scenario with no systematics.

Vladimir Rekovic, DIS 2023



Plenary talk on Friday morning “Higgs Physics at HL-LHC” by Michaela Mlynarikova.

| will only give a few example teaser here.

Vladimir Rekovic, DIS 2023


https://indico.cern.ch/event/1199314/contributions/5176911/

CMS-PAS-FTR-21-007 CMS-HIG-19-001 CMS-HIG-16-041

H— L /yy,H— uu

Evaluate impact of detector Phase-2 upgrade on signal modeling and acceptance (DELPHES simulation)

Improved tracker lower material budget, Precision of HGCAL, PU suppress by MTD, Muon extend |n| < 2.8

scaling X-section and luminosity from Run 2.
Improved uncertainties associated with mass resolution and
Reduced photon E scale systematic ( Improved method to

)

Mass (GeV) Width

Run 2 Phase I Run 2 Phase I

H — ZZ — 4| jPieRels
+ 0.20(6tat) + 0.08(ys) + 0.03(stat) + 0.02(sys)

0.41 0.09

H— vy  EEsNAE
+ 0.26 GeV + 0.02(stat) + 0.07(sys)

Improved pr resolution (tracker) = Improved mass resolution by 30% |,

Extended acceptance (sig 10%) . Increased X-sec (13 to 14 TeV)
— with 400 /fb using/DELPHES simulation?3 6



CMS-HIG-21-008 , ATLAS-CONF-2021-21

VH(H — cc)
Difficult due to small X-sections, large QCD BGs, c-tagging in hadronic environments.
Simultaneous VH(H — bb) VH(H — cc)

2D profile likelihood scans of

: : +3.4 signal strength and coupling
Run 2: PvHH —>cc) = 14 (7.6%34.23 ) (exp) S fior

new jet reco, merged jets, ML c-tagging
Event categories:
- MVA for 2 resolved jets.
- Substructure for “boosted” topology

Use only the categories 3 cc + 3 bb

10= a714S Preiiminery
8" Prcjection ‘rom Run 2 data

- Ye~4TeV,3000 0

55 ATLAS Frelim nary

Run 2: PvHH —>co) (31+12.g) (exp)
Event categories: R

6— VHI » bb,c%)
- V. momentum, jet multiplicity, A — — 7
. . . ) ) =\ ;'_.\\— -—--,‘_ - \\\ /';,‘;"'./
- signal/control regions with BDT descriminant | Pt )i b
St /i - g X\

S + SM

N \
. \
~J
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CMS-PAS-FTR-21-004, ATLAS-PHYS-PUB-2022-053

HH — bbyy HH — bbtrt

DNNs for signal/bg discrimination in event selection. Updated analysis (139 /fb)

Signal significance extracted with a Modified mass
simultaneous fit to mpp and myy distributions. Mbbyy= mbbyy — (mob — 125 GeV) — (myy — 125 GeV)

CMS Phase-2 3000 fb ' (14 TeV) CMS Phase-2 3000 fb ' (14 TeV)

\ |
Simuiation Preliminary * Pseudo-data

pp—HH—yrbb ----=- Nonresonant backgr.
ggHH CAT 4

| v v I v ¥ / I ' U e
ATLAS Freliminary ATLAS Praliminary

v's= 14 TeV, 3000 fb™ j - V&= 14 TeV, 3000 Ib™"

HH — bbyy \ HH — boyy

Frojection from Run 2 data Projection from FRun 2 data

Simuiation Preliminary * Pseudo-data

- pp—HH—yybb Nonresonant backgr. -

ggHH CAT 4

Full backgr. Full backgr.

—&— No syst. unc. ' —e— Al categones

—&— Bascllne ',."‘ ~a— High mass cataqgories
Thex:-elical unie. halvae / Low mess calegoernios

—4— RLn 2 syst. unc. ’

Events/(4.8 GeV)
Events/(1.6 GeV)
Significance [o]

——— Sig. + Full backgr. ——— Sig. + Full backgr.

- Signal - . : - Signal

—

40 150 160 170 180 190 ‘ 120 125 130 135 140 145
My, [GeV] m,., [GeV]

HH — bbyy 2.16 0 HH = bbyy 2.20.
Similarly HH —-bbtt 2.8 0

Vladimir Rekovic, DIS 2023




SM proﬁspects
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Contributions to:

e EF04: EW precision physics and constraining
new physics

e EFO7: QCD and strong interactions: Heavy ions
e EFO3: Heavy flavor and top quark physics

Vladimir Rekovic, DIS 2023




A  CMS-PAS-FTR-21-001 (Projection from CMS-SMP-19-012 and CMS-SMP-20-006)
0 VBS measurement in leptonic WW and WZ

—_— e = _— —— == —

_ = —_——— == — e
- = s = -_— —— e e . ——————— ==
e

ATLAS (CMS) had first observations of several EW VBS with Run-2 data
- leptonic decays of VBS W W, WZ, ZZ.

Phase 2 projected sensitivity to VBS X-section and polarization.
with signatures: 2 same-charge leptons or 3 leptons with total charge 1.

* Simultaneous measurement of E\W WW, EW W/Z and QCD WZ
production X-sections, with uncertainty 6%(3%) and (4%)
Benefit from large stats and forward acceptance of leptons and jets.

Phase-2 Projection
Inclusive measurements

- EW WWwW*

e Simultaneous measurement of longitudinal and transverse
polarized components in the WW channel.

e unitirized in SM, BSM?

expected uncertainty [%]

CMS

Phase-2 Projection

ATLAS Simulation Preliminary
Vs=14 TeV
pp —= WIWjj

Expected significance
for the EW Wi W/

1.8 0 (2.7 0)

Small X-sec (7% of tot),
challenge but important
for ATLAS (CMS)

4000 6000
Luminosity [fb]

Oy, w,_expected significance [o]

Vladimir Rekovic, DIS 2023



Projection from CMS-PAS-HIN-21-009 (Supplementary material to the PAS)

& v,
R vr"v"

o Measurement of yy = T T

_ _

———— —— —— \—#—&—7‘ — —— el ——ee—— e
= . = —— _———— | e = e —————e—— == — _ —— e ———— — e N <
= —

Ultra-peripheral heavy ion collisions: No hadronic collisions between the ions.
—> Clean environment to study yy-induced processes.

—> Sensitive to BSM <= improved constraints on (g-2)-.

Projection of the Run 2 search for yy — t*t- with 1 muon + 3 charged particles.

e 13 nb-1 PbPb Iuminosity, sqrt(SNN) — 502 TeV CMS PhaseQProjectic?n Pre/f/tu'na;-y PbPb - 13 nb " ({5, = 5.02 TeV)
Pb + Pb (y7) — Pb'’ + Pb'’ t*1" at | s, = 5.02 TeV

Backgrounds (leptonic and hadronic)

. L. Beresford and J. Liu, Phys. Rev. D102 (2020) 113008
yy — [+/— supressed by track impact pararm for T wssss M. Dyndal et al, Phys. Lett. B 809 (2020) 135682

yy = dq estimated from data

4.8 + < 0.1+ 0.2 ub. Total: 4% > 48+ <0.1+0.2b

~x4 improvement wrt Run 2 prediction:
4.8 +<0.6+0.5pub

Including more decay channels and improved N
analyses (e.g. shape analysis), precision on (g-2)- 4o(w—>~5*r-> [ubi
will surpass the existing measurements. .

Vladimir Rekovic, DIS 2023



CMS-PAS-FTR-18-034 (Simulation-assisted projection based on CMS-TOP-18-006)
TOp quark spm correlatlons (l1m1t on SUSY) Not in WP, approved

—_— e — e —— e
_— = e == e ————

- - - -_— ——e *),s«—’———-tsea—‘— —

Project measurement of the top quark spin correlations with opposite charge ey + = 2 jets + > 1 b-jet.

Spin correlation very sensitive to presence of stop.
—> AP(/+, [-)) the most accurate spin corr. observable with 3% precision (among 22 studied)

Use spin corr. variables in a DNN to search for top squarks in the “top corridor”, A(Mstop - MLSP) ~ Mtop.

CMS Phase-2 Simuiation Preliminary (14 TeV) CMS Phase-2 Simulation Preliminary (14 TeV)

Pp — f- t1 s f1 — t;((i]
~ Run2: EPJC 81(2021) 970

Ratio of limits (Run2/ Projected)

95% upper limit on cross section [pb]

u 4 | o J 280‘ 300

Phase-2 exclusion limits on the stop-stop Ratio of Phase-2 / Run 2 expected exclusion
cross section mstop €xclusion up to 600 GeV. limits on cross section

Vladimir Rekovic, DIS 2023




5>M prospects
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Contributions to:

e EF08: Model-specific explorations
e EF09: More general explorations

e EF10: Dark matter at colliders

Dark
matter

e ————— e —_—— = = —

Vladimir Rekovic, DIS 2023

Dark Long lived
sectors  particles

Heavy SUSY
resonances

Vector-like
quarks
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CMS-SUS-21-002

Interpret in scenarios with

Final states: WW, WH, W/Z, ZH + Etmiss > 200 GeV. MNLSP limits difference
2 AK8 jets with pT > 200 GeV and W/Z/h tagging.

Scaled luminosity and cross sections. 650 - 750 GeV

CMS Phase-2 Projection Preliminary

CMS Phase-2 Projection Preliminary CMS Phase-2 Projection Preliminary

; + F + 0 + 0 0 0 ; - 3 + 0 - 0 0 0 ; + 0 0 -0 1 0 0 0
@ Sy T g0 gt Wm0 50 575 @ S R R i oW 7Y S HY ® PP = XL E T Ay, Hady X oW A o ZE Ko HE
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CMS-SUS-19-004

R-parity violating or Stealth
2 tops + additional jets —> 1 lepton + =7 jets (no Ermiss).
Bkg:tt-pair + jets production

Use high jet multiplicity to differentiate sig/bg RPV Stealth
- Binary classifier neural networks.

Projection at 13 TeV by scaling the luminosity.

e -1
CMS Phase-2 Projection 3000 fbo ' (13 TeV) 3000 fb" (13 TeV)

pp—ttt—t%, X, — i
B 68°% expected
95% expected
HL-LHC expected limit
Run 2 expected limit

—»— Run 2 observed limit
S 6;; (NNLO+NNLL)

pp — 11, SYY coupling
B 68% expected
95% expected
HL-LHC expected limit
Run 2 expected limit
—a— Run 2 observed limit
—— .. (NNLO+NNLL)

1

1t

—
R

—

—
<

—
<
N

Bit >t%)=1.0
omal) oy

ml, » )y =1.0

Mo = 100 GeV

B —1Sg) = 1.0
B(S—5G) =10, B(S—=gg9)=1.0
mz = 100 GeV, m, = 1 GeV, m, = 90 GeV

800 1000 1200 1400
m - [GeV]

RPV: (Run 2) (Phase-2) Stealth: (Run 2) (Phase-2)
Vladimir Rekovic, DIS 2023
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CMS-PAS-FTR-21-011

leptophobic Z’ to two charginos
to leptonically decaying Ws neutralinos

dileptonic decays of #t +jets , Drell-Yan+jets with m;>100GeV, ....
Select events with ee, pyy, ep (high pr, opposite-charged) and Ermiss > 80 GeV.

Signal extraction via DNNs per each signal point.
Input variables exploiting the resonance nature of the Z’.

CMS Fhrase-2 Simuiation Preliminary 3an’(14 Tev) i, .
~5 % 2900 CMS Phase-2 Simulation Preliminary 3ab (14 TeV
e“e channe T . . E —

moy m{Z’)-2500. m(x*)-1085 3 combined channel

masses in CeV 7
stat.+8ys. unc.

PP—Z =A%y LWL, Wy
BR(Z 7 %,)=BR({. »W7,)=1
DNN score
trained for
Mz = 2.5 TeV

McHi1 =1.095 TeV

— EXp. median

14001 --- Exp. (68%)

3474 3.37¢5 374636 277839 ¢ 2.5

Can exclude
mz up to
4.5 TeV.

69262 b 20z 4.78% 417880 8./94°9 33@9.-' L 'IHE d./9583

. 1]
5 RO7R 476992 3872 321062 HE23N

LI L O L R 'HHI'I I 'l'll'll T 'I'I] T IIIHIII T

79373 5.50352 441519 3.68862 3.341

. = 1500 2000 2500 3000 3500 4000 4500
0.6 n.7 0.6 "'.Q mZ| [GeV]

Sighal class DNN score

95% C.L. upper limit on crass section [fb]




CMS-PAS-FTR-22-003

Type-|l seesaw with singlet N:

Type-| Type-ll

Final states with exactly 3 or 4 leptons, pr> 40 GeV
Discriminating variables: Lt = sum(pr leptons), min(my)
87 bins of lepton flavor, L1, max(mu).

\
\__ ALL

. W=
SAAAAAAAA ~

Type |, |V,.N|2= 1 only, my =500, leading 10 bins In signlificance A
Bl others e DY BKG Unc. /

- v signal o'
CMS Phase-2 Simuiation Praliminary ¢ 3000 b ' (14 TeV) ?
] L] Ll L] L] L [ L L] L L] L L] L] Ll L L] L] L L] L L] Ll I Ll L]

CMS Phase-2 Simulation Preliminary 3000 fb~' (14 TeV) CMS Phase-2 Simulation Preliminary 3000 fb~' (14 TeV)
| \ |

Type-ll Seesaw, normal hierarchy.
95% expected
Bl 68% expected
-— Median expected
Theo.

Type-l Seesaw, |V n|? =1, |Ven|? = |Vn[2=0
95% expected E
Bl 68% expected

-= Median expected
---- Theo.

max(m,) max{im,) maximy} max{m,) max(m,} max(m,) max{my) max(m,) max(rmy} maximy}
[500,Inf) [300,500)  [300.500) [500.Inf) [500,Inf) [300,500) [500,Inf) [300.500}  [300,500)  [300.500)
L+ L+ Lt Lt L+ L+ Lt L+ Lt Lt
[600,Inf) [400,600) [400.600) [600. Inf) [600,Inf) [400,600) [400.600) [600,Inf) [300,400) [600,Inf)
Qedn De3u SS1e2u 5S1e21 0OS1a21 0S1e21 Qeldp Qedn Delu S5S1e21

—
<
p—
o
N

Type Il, normal hlerarchy, ma =500, leading 10 bins In signiflcance
B others mm DY BKG Unc.

LAY signal
CMS phase-2 Simuiation Preliminary 3000 ' (14 TeV)
I T L T L L] I L] L} L] L} L] T T L L] L L L] L} L] L} L [ L T

Cross Section o(pp—¢N) [pb]
o

Cross Section o(pp—AA) [pb]

o ;I

maxim,) max{my) max(m} max{my) maximy} maxim, ) max{my) maxim,) max(my} max(m,}
[500,Inf) [500.InF) [500,Inf) [500.Inf) [500,Inf) [500.1n) [500,Inf) [300.500;  [300,500)  [300.500)
L+ L+ Lt Ly L+ L+ Lt Lt Lt Lt l

[00,Infj  [600Inf,  [600,Infy  [00.Inf)  [BO0nfy  [B00Inf)  [600,nfy  [600nfi  [600Infy  [BOO,Inf) ‘ ‘
o v B o et o 001 e e Sl S e 500 1000 1500 2000 2500 3000 1000 1250 1500 1750 2000
my [GeV] ma [GeV]




CMS-PAS-FTR-22-005 CMS-EXO-16-050

H->bb + MET

h = bb + dark matter

ML-based boosted Higgs tagging on AKS8 jets ; Etmiss > 200 GeV.

Upgraded detector + improved timing + improved heavy particle taggers
+ ML methods will enhance Phase-2 sensitivity.

Interpretation in terms of a Type-ll 2ZHDM+a model:
tan3 = 1, sin@ = 0.35, myx = 10 GeV.

CMS Phase-2 Simulation Preliminary 3000 fb™' (14 TeV)

— My =750 GeV
— Mz =500 GeV
— Mg =250 GeV

CMS Phase-2 Simulation Preliminary 3000 fb™" (14 TeV)

|
SHDMua, H bl 1 s === Median and 58% expected, m. = /S0 GeV
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The future of future physics
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» Studies for the Yellow Report and White Paper covered a substantial part of the HL-LHC physics
phase space.

* Exploring new ideas is encouraged, in particular final states only accessible at HL-LHC and
studies exploiting Phase-2 detector features

* di-Higgs and long-lived particles are obvious examples.

* Wherever new physics reach available with Phase-2 Upgraded Detectors

* e.9. CMS Phase? Level-1 Trigger (CMS-TDR-021)
* Track Trigger

* Particle Flow
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Extra slides
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: New endcap calorimeters
Improved muon coverage and trigger . .
high granularity

increased RPC coverage (1.5 < |n| < 2.4) can reconstruct showers in 3D
new electronics

Updates to calorimeter

.. . Yy % Ny , and trigger
New precision timing detector = ‘ : higher granularity

Timing resolution of 30-40 ps for MIPs N . Vo electronics for trigger
full coverage of |n| < 3.0 | ’

New inner tracker

all silicon tracker _
Upgrade to[trigaé¢r-and DAQ

4 layers of pixels |
5 layers of strips Beam Radiation Lj rate mcre{ased to 750 kHz
High Level trigger rate to 7.5 kHz

coverage to |n| < 4 Instrumentation and Track information at L -
VIo- TLDR-U 12 Luminosity Detectors




