Recent result from ATLAS and CMS
experiments
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Run3 6.8 TeV

ATLAS, CMS  target 250 /fb
LHCb 25-30 /fb

ALICE 200/pb pp, 7/nb Pb-Pb

Run 4 (HL_LHC) High pileup up to <u>=140-200, high
particle multiplicity, plan ~3/ab
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/s = 13.6 TeV
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2024 LHC schedule

Feb o Mar
25 ns physics (>1200 bunches) 124 53.7 e - S P [
Special physics runs (incl. setting-up) 2 0.9 Sa S e
Pb-Pb ions physics & p-p ref. run 22.5 9.7 =
Beam Commissioning & Intensity ramp-up 42 18.2 et vey o w
Scrubbing 3 1.3 e R e S R M S Y | R B R R
Pb-Pb ions & p-p ref. setting-up 6 2.6 ™ N A i -
Technical stop 9 3.9 :a "” - =
Technical stop recovery 2 0.9 u ul | Aug sep mEme
Other scheduled stops 0.5 0.2 w e o e s o <
Machine Development (incl. floating MDs) 20 8.7 ‘:h -
Total: 231 100% [
Closure of LHC and experimental caverns on March 6th we [l e T o T e u‘:”:'",.i"m B foﬁ B N T
2024 ; . e SO .
N oo e i
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ECAL 76k scintillating C M S

PbWO, crystals

- MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?
~137k ch

Steel + quartz
Fibers 2~k ch

VG

Tracker Pixels & Tracker
ECAL + Pixels (100x150 um?)
~1m2~66M ch

HCAL -Si Strips (80-180 um)
~200 m? ~9.6M ch
Muons MUON BARREL
¢ i 250 Drift Tubes (DT) and
480 Resistive Plate Chambers

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Ratio of diboson EWK cross-section
measurements to theory

_Aug 2023 N N CM¢
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys)
. . . Theory 8 TeV CMS measurement (stat,stat+sys)
Multiboson measurements (diboson and triboson) 13 TeV CMS measurement (stat stat+sys)
- allow new precise tests of SM ggw - g-gﬁg-ggig-gg
- are very sensitive to anomalous couplings (BSM qqZ - 0.93+0.14 + 0.32
search) qaZ o 0.84 £0.07 £ 0.19
qaZ o 0.98 +0.04 +0.10
- backgrognds tp more rare processes, such as WV ol 0.85+0.12 + 0.18
processes involving Higgs boson(s) ->WW = .  1.74£0.00 £0.74
qqWy — . — 1.77 £0.67 £ 0.56
qqWy e 0.89+£0.11 £0.15
os WW . 1.12+0.15+0.17
ssWW rH—e— = 0.69+0.38+0.18
arge number of processes study s W e . l20xontso0s
enerally good agreement between a9z, e 1200124013
xperiment and theory 4422 - 119+0.38+0.13
. . 0 1 2 3 4
nstraint on anomalous couplings oSt at Production Cross Section Ratio:
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Multi-Boson Production

Multiboson measurements (diboson and triboson)

- allow new precise tests of SM

- are very sensitive to anomalous couplings (BSM search)
- are main backgrounds to more rare processes, such as
processes involving Higgs boson(s)

qa t-channel V1
q s-channel V1
q TGC
q Vo "

arge number of processes study 9 Vs,

enerally good agreement between experiment and theory
nstraint on anomalous couplings
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TGC,QGC

TGC: Triple gauge couplings QGC: Quartic gauge couplings

Larger cross sections:
e More precise measurement for SM test

e Possibly accurate differential cross section
Multiboson couplings:

e T(Q)GC: WWLZ, WWy, WWZy, WWyy

e BSMTGC: ZZy, Zyy

e BSM QGC : ZZvy, ZZLy,Lyyy

BSM nggs decay by 7 — vV A.Myagkov  NRC KI - IHEP




Multi-Boson Production

ll\ug 2023 | | | CMS Preliminary
CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) O
Theory I 8 TeV CMS measurement (stat,stat+sys) e
13 TeV CMS measurement (stat,stat+sys) e
| stat sys »

VWV b 1.02+0.21+0.14  1371fb

WWW e 1.16+£0.30+0.28 137 fb’
WWZ e 0.85+0.31£0.13 137 fb"
wzz } . 218+1.47+049 137 fb"
Wwy e 1.30+0.2240.29 138 fb"
Wy e 1.03+£0.29+0.34  19.4fb"
Wyy e 073+0.10+0.22 137 fb"
Zyy Het 0.98+0.11+0.14  19.4fb"
Zy ! 0.91+0.09+0.11 137 fb"

Al resuls at: . ’ Producti4on Cross SectionsFlatio: c.., /O °

http://cern.ch/go/pN;j7 exp theo

9
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EFT

Effective field theory (EFT)
r Modern model independent approach to parameterize BSM effects (deviations from SM in
the measurements) in the Lagrangian

r Effective Lagrangian is based on Taylor expansion in local operators with mass dimension »4:
d—ﬁ d_8

L=yt E_@M 1 E —0=+.

- Operators O are gauge invariant cnmbmntmns of SM fields; the o dones violate B-L number
¥, are the Wilson coefficients, A is the new physics scale
- Only ¢/A* are measurable, they can be constrained using data =
possible constraints on BSM models
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Observation of Wyy

vV v v v Vv

Wyy production in e/u final states is observed first time with significance of

5.60 (observed and expected)

The measured fiducial cross section foriW(ev)yy
andW (uv)yy events is o(fid)

=13.8 + 1.1(stat) +2.1-2.0(syst) + 0.1(lumi)\ fb
in agreement with the SM predictions

for this process
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Phys. Lett. B 848 (2024) 138400
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vV v v v Vv Vv

top mass combination ATLAS and CMS

arxiv:2402.08713

Key SM parameter: Higgs coupling, consistency fits

Method: Best Linear Unbiased Estimated — BLUE combination of 15 Run-1

measurements

Datasets (assumed) statistically uncorrelated Challenge: how to correlate

systematics between experiments?
» Classify sources as strongly/partially/un-correlate
(o = 0.85/0.5/0)

mt =172.52 = 0.14 (stat) £0.30 (syst) GeV

Total uncertainty £0.33 GeV — 0.2%!

Most precise mt ever reported by experiments;

~same precision as PDG world average!
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tttt Eur.Phys.J. C83 496(2023)

0000000 > 0000000
+ ¢ > ¢ Rare Standard Model process
< z A ~ Sensitive to the top-quark Yukawa
E H t  Can be significantly enhanced in
> t
+ t
A
00000000 t T :
< t T oTeTeIeTeToI0) < F GNN score in signal regio
ttt t signal is observed at 6.1(4.3)0: o
o = 22.57 L (stat) 759 (syst) fb = 22.57%% fb % I =
SM: Oeeee= 12.0+2.4fb JHEP 02(2018) 031 incaray pron |

re-analysis of the Run 2 140 fb—1 dataset at s=13TeV in the
2L.SS/3L channels:

107"

2.1F ¢ E
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0.7

R E
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Data / Pred.

0 ‘ .
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tt quantum entanglement

» New lab for observing quantum effects (with relativistic effects)
» Pseudo-bare quark! — entanglement expected in t t near threshold

» Angle between charged leptons from top/antitop decay— entanglement

ﬁ ........................................ r SR .
[ATLAS ¢ Data [ 3 A P é
o snooof> At - a4| ATLA -
s =13 Tew, 1apas’ = FowsFy (va) F Jcazz . Y
0 < e = a0 ooy EPOWHHT () [ g Vs=13TeV, 140 15
soooof= ™ —# Fow+Py (bbaty | [ = o
F B Background : ool
anooof- -Tutall.lwarul'lty_ t - 1o.e * -
: . »| =] ®
3p000f _ {-0.1a E _aal
: P p—
20000 At 0= £
C - = _ _
cooof . 1= o | ——  Limit (Powheg + HerwigT} ]
' - |t -——- Limit (Powheg + Pythias) |
C J o [ ] Bl Theory Uncertainty
T T TR TN IV P TP T IV | st ® Dat= ]
‘§ ™ wg é @ Fowheg + Fythiag (hwg) ]
2, g = 1T = B Fowheg + Herwig? (hvg) |
3 A0 EDFO4a-0Z 0 02 04 08 08 1 0.5 g 0.6 T T p—— 5= =0 —

Dretascion-lawvsl
o= Particle-level Invariant Mass Range [GeV]

CMS Focus on low-mass region (345 < mtt < 400 GeV  [p~~ 0 478 = 0.017(stat) % (syst)
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Higgs boson

- -
. e
N
AR
0.“
:"“
O

{ HIGGS boson Monday 4 Jul 2022, CERN
discovery

------

2207.00043 A portrait of the Higgs boson by the CMS
experiment ten years after the discovery

Nature volume 607,pages 60-68 (2022)

2207.00092 A detailed map of Higgs boson interactions by
the ATLAS experiment ten years after the discovery

ature volume 607,pages 52-59 (2022)
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Reduced Higgs boson coupling strength
modifiers and their uncertainties.

Leptons

= - T Quarks
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H->2nd Generation (H->ccbar)

vV vV vV vV vV v vV v v v Y

PhysRevLett.131.061801

CMS e s;f:%:f’
U(VZ,Z—cc) = 1.01+0.23021 - S

o First observation of Z — cc at a hadron collider ;: |

o Observed (expected) significance of 5.7 (5.9) o oaed

e G(VH) x BR(H—CC) < 14 (7.6+3422) SM at 95% CL b

o 1.1 < || < 5.5 (expected: |k < 3.4) at 95% CL || (R
ATLAS

e U(VH—cc) = -9 £ 10 (stat.) £ 12 (syst.)
o M(VZ—cc) = 1.16 £ 0.32 (stat.) £ 0.36 (syst.).
e Observed (expected) constraint of |kc| < 8.5 (12.4) at 95% CL

e Ratio kc/kb constrained to less than 4.5 at the 95% CL

A.Myagkov  NRC KI - IHEP



Higgs coupling to top quark etH production

g

H 77" >4 H = WW* = (vl H — bb
H—)’)/’y H — 77

(multi-leptons)

Yukawa coupling proportional to fermion mass — largest
couplings to t-quark

CMS
Run-1+Run-2:5.20 (4.20 exp.)

ATLAS 6.3 (5.1) sig
Higgs boson decays into bb , WWx, tT, Yy,
Phys. Lett. B 784 (2018) 173
PRD 97 (2018) 072003,

PRL 120 (2018) 231801,
PRL 125 (2020) 061802
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Higgs Boson Width

» Predicted width in SM I'H: 4.07MeV
» Direct measurements : measuring Higgs lifetime or on-shell width.

» mass resolution limited by detector resolution 1-2GeV.

9 Z Hoff—shell _— §

oo, AR Hon-shetl  L'sm
2 2 2 2
1 oOn-shell 8gluon8V off—shell 8aluonSV

S TR T 5 9 —H-VV* ™ —H* VY ™
g (mP=myp)?+Tgmy z " myly My

» Indirect measurement: measuring the signal strengths in on-shell and off-shell
separately, and take their ratio: ZZ is the ideal channel
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Off-shell Higgs in ZZ channel and Higgs
Width CHSE@mﬂafﬁml

gg—212v (1=, p)
—— SM H signal (IHF)

» Difficulties for probing off-shell Higgs: 10°

. o
» « low production rate: ~10% of total xs < 1“._. — SM contin. (ICF)
D
... .. (G —— SM total (IH+CF)
» o large destructive q 7 - o IHESICE

107
Mayp, (GEV)

CMS: Nature Phys. 18(202%)132
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Higgs Pair Production and Decay Modes

e e ————— - — M
! gluon-gluon Fusion (ggF) } ok 1) = Cuun/ C%fhflﬂ
{ o~ 31.0fb | A Koy = CyvHH/CVvHH
I Vector Boson Fusion (VBF) } ke K
: o ~ 1.72 fb J| Ar 2V HH DECBY Modes
Vector Boson Associated (VHH) | o K
o ~0.86fb A2V

Cross Section (13 TeV)
mggk

mVBF

O VHH
m Other
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Higgs self interaction

1 1
V(H) = Equﬂ2 + M\H® + Z)\H“

-
% o UH ~0.13
202

The coupling A is difficult to measure,
because the cross section for HH production,
which provides sensitivity to this coupling, is
very small
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HH Combination
Physics Letters B843(2023)137745

>
10 | |t 10— T T T T T T T T T T T T T
Z [ ATLAS — bbbb 1 E - ATLAls ! ! I tIJEbB
o VE=13TeV, 126—139 77 —— bbTTTT ~ | VS=13TeV, 126139 fb- — bbrtT |
| 8_— HH-bbt™ T~ + bbyy + bbbb —— bbyy 7 I gl HH - bbT* T~ + bbyy + bbbb — bbyy _
[ Observed — Combined ] | Observed —— Combined |
i Combined: i Combined: 1
6 08%: 1 € [1.0,5.0] 6~ 68%: Kpy € [0.4,1.7] —
- 95%: Ky < [-0.6,6.6] i 95%: Ky  [0.1,2.0]
A\ a- NNV N 95% —
oL i
2_ —
N\ I N \ W A A 68% __|
0 _I5 I oL L
=2 -1 0 1 2 3 4
Kav
0
0 0.1<k 2v< 2.0 (95 % CL
-0.6< Kk <6.6 (95% CL) - ( )

Combined upper-limit SM HH Cross-Section 2.4*Sig_SM (2.9 Exp.)
A.Myagkov  NRC Kl -1H



Combined limit based on previous
results

bb ZZ
Expected: 40
Observed: 32

Multilepton
Expected: 19
Observed: 21

bb yy
Expected: 5.5
Observed: 8.4

bb 1t

Expected: 5.2
Observed: 3.3

bb bb
Expected: 4.0
Observed: 6.4

Combined
Expected: 2.5
Observed: 3.4

138 fb' (13 TeV)

1.‘

T
—e— Observed

----- Median expected
5= 68% expected
====- 95% expected

10

95% CL limit on o(pp — HH) / cTheory

Combined upper limit on ggF+VBF production
oHH < 3.4 (2.5) oHH(SM) based on previous result

100

Nature 607 (2022) 60-68

A.Myagkov
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NEW ATLAS results: HH ML
(ATLAS-CONF-2024-005)

-or the first time, ATLAS is analysing data in with a
1olistic way considering all the H->WW,ZZ,tt lepton
lecay modes, in addition with H-> yy. No b-jets are
>xpected, except for the HH->bbZZ channel.

The result is interpreted in terms of limits
on the signal strength. Combination yields
an observed (expected) limit of 18 (11)

A.Myagkov  NRC KI - IHEP

44+ bb

3¢

24sC
2{SC+T1
204271
I+2T
yv+2(4, 1)
yy+1
YY+7
Combined ML

Combined yy + ML

Combined

ATLAS Preliminary

e (Observed

o Expected (uyy=0) o]
Vs =13TeV, 140" _____. Expected (Uuy = 1)
Ot . ver(AH) =327 b Exp.
QObs. (U = 0}
40 36
21 32
33 42
83 65
41 37
44 45
53 4
51 30
. 114 60
14 14
45 21
1 I | I I I I | I I ! ? I | \1 ! I
50 100 150 200

95% CL upper limit on HH signal strength Liyy



NEW CMS results: X—HH—yyrt CMS-PAS-

HIG-22-012

138 fb~

H) [fo]

Despite the very low branching ratio, this channel  =10°
benefit from the very good di-photon mass resolution T
and the clean lepton decay from taus.

PP —

B 104

- CMS

- Preliminary

The result is interpreted in terms of limit on the Cross
section, with an observed (expected) limit of 33 (26)
times the SM.

108

102}

10’

= Theory prediction
* SM prediction

]
95% CL upper limits

— QObserved

- Median expected |
I 68% expected
95% expected

(13 TeV)

-1
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=
5 -10

-5

0

5

10

Expected and observed upper limits on the nonresonant HH production cross section at the 95%
CL, obtained for different values of K_A. The green and yellow bands represent the one and t
standard deviations for the expected limit, respectively. The theoretical prediction with th
ncertainty of the cross section as a function of K_A is shown by the red band.
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Problems in SM

Dark Matter in the Universe

Particle - antiparticle asymmetry in the Universe,  numbers!
CP violation CKM phase - too small efect

Neutrino masses, mixing, oscillations

Very small cosmological constant. Very weak gravity interaction
Muon (g-2)u anomaly (about 3.5 6 — 4.2 6 BNL)

B-anomalies (about 4.5 o)

vV vV vV v v v v Y

CDF W-mass anomaly (about 7 o)
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More Problems in SM

» What is a generation? Why there are only 3 generations?

» How quarks and leptons related to each other, what is a nature

of quark-lepton analogy?

» What is responsible for gauge symmetries, why charges are quantize?

» Are there additional gauge symmetries?

v

What is responsible for a formation of the Higgs potential?

v

To which accuracy the CPT symmetry is exact?

v

Why gravity is so weak comparing to other interactions?

A.Myagkov NRC Kl - IHEP




Summary of ATLAS results (EXO+SUSY)

from Run 2

>

searches investigating the exotic jungle beyond the Standard Model

Exploration at the high-energy frontier: ATLAS Run 2

(2403.09292)

vV v vV vV vV vV v vV VvV Y

3 Compositeness 9

4 Additional vector bosons 12

5 Additional leptons 23

6 Vector-like lepton and quarks 28

7 Leptoquarks 39

8 Charged-lepton flavour violation 49

9 Hidden sectors leading to long-lived neutral

10 Dark-matter candidates 57

11 Long-lived multi-charged or highly ionizing particles 75
12 Extra dimensions, gravitons and quantum black holes 77

A.Myagkov

NRC KI - IHEP

The quest to discover supers

particles 18
6.1 Slepton pair production 18
6.2 Electroweakino pair productia
7 R-parity-violating decays 23

8 Long-lived supersymmetric particle
9 Beyond simplified models



Searches for resonances
decaying to pairs of heavy bosons

ATLAS Preliminary — V!l [arXiv:2207.03925]
—vvqgq+lvgg+ligg [EPJ C 80 (2020) 1165]

10*

T lllllll

‘\Vs=13TeV, 139 1b"

3
10 —qqqq [JHEP 09 (2019) 091]

—Observed

10°

-- - Expected

| IIIIIII| | IIIII|_|,|

T llllllll T TTTIT

10

e

I | IIIII|_|,|

________

|

|

| N

|
~—

=g
~—
)
95% CL limit on o(pp — W'— WZ) [fb]

1

V/h/vy

Several scenarios for physics beyond the Standart T T T DT BTN T o

o . 05 1 15 2 25 3 35 4 45 5

new par7cles decaying into pairs of bosons W) [TeV]
m e

e This can be due to eg. new Gauge symmetries or extensions to the
Higgs sector, like the 2-Higgs Doublet Model, Supersymmetry or
models introducing spin-2 gravitons.

o ATLAS present limits on 3 benchmark models for these models:

o Neutral Spin-0: Randal-Sundrum Radion (Charged Spin-0: Georgi-
Machacek)

o Spin-1: Heavy vector triplet (HVT)

o Spin-2: Randall-Sundrum Graviton




Resonant HH

X->HH -> bbbb

Combined likelihood with inputs from all three HH resonant

analyses

« No significant excess wrt SM. Largest combined deviation

of 3.3 (2.1)o at 1.1 TeV

A.Myagkov

X->HH -> bb 1+ T-

e The limits are interpreted in the Type-| Two-Higgs-Doublet
Model and the Minimimal Supersymmetric :
Standard Model, and constrain parameter space not [ T bbwy
previously excluded by other searches

NRC KI - IHEP

Phys. Rev. D 105 (2022) 092002
JHEP 11 (2020) 163 JHEP 07 (2023) 040
JHEP 07 (2023) 040 JHEP 11 (2020) 163
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g 105 ATLAS
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---- Expected limit (95% CL)
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Searches for Dark Matter (DM)

SR

N P o el ST RPP AT L Ve

A Direct production
of DM
ATLAS, CMS

FRANCE

The LZ Detector

7 tonne liquid xenon
time-projection
chamber = water tank

- Collider
M -

w

Liquid Xe adolinium-loaded
heat liquid scintillator
120 outer

detector

feedthrough
494 photomultiplier tubes (PMTs)
Additional 131 xenon “skin” PMTs  Neutron beampipes

\J

Direct Detection

SM = DM
Indirect Detection

Indirect detection
Detect ordinary matter resulti
decay/annihilation of dark

A.Myagkov  NRC KI - IHEP (ICECUBE, HESS) 32




Dark matter

» candidates:

stable (non-interacting directly, MET sighatures) or with a
lifetime high enough (LLP signatures)

v

electrically neutral
with a mass reachable at the LHC

DM signatu eés (two substances - DM particle and mediator):
fully visible (mediator only, a new resonance

in dijet/dilepton/diboson etc. spectra)
MET - decay to DM particle pair (+ a visible “tag”)
non-standard properties of SM particles

vV vvy VvV VvV VYyYyy

(higgs sector - higgs boson pair production, h125 to invisible...)
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There are three complementary
philosophies to search for DM at the LHC

» Effective Field Theory (EFT)-typically depends on two Degrees of Freedom
(M_DM and M* -UV cut off scale) : Contact interactions

» Simplified (or simple) models-minimal number of DOF, typically 4 or more:
Higgs portal, dark photon, Z’ boson, squarks

» Complete models like SUSY, possibly with a smaller, phenomenologically
motivated parameter set like the pMSSM, Little Higgs, Universal Extra
Dimensions

A.Myagkov  NRC KI - IHEP




Dark sector with Long-Lived Particles at the
LHC

& disappearing or
LLP: displaced kinked tracks ?
. . . multitrack vertices 4 o)
a proper lifetime ct0 is Y / ‘ i | non-pointing
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intermediate ct0 = Searching for long-lived particles beyond the Standard
LLP e s Model at the Large Hadron Collider, arXiv:1903.04497
very large/infinite
large ct0 o stable particles, A.Myagkov  NRC KI - IHEP
“standard” MET signatures




the lifetime reach of CMS long-lived particle analyses for a
selected set of new physics phenomen

Overview of CMS long-lived particle searches

CMS Preliminary August 2023
DD, §-+ths, my =2500 GeV' g 2104.13474 (Jets with displaced vertices) [N G6G006=008m 140~
UDD, §-+tbs, my =2500 GeV' H 2012.01581 (Displaced jets) [ GGE=0m 13207
DD, f-dd, m; = 1600 GeV i 2104.13474 (Jets with displaced vertices) [N G005 =0mam] 140 b~
UDD, £+3d, m: = 1600 GeV i 201201581 (Displaced jets) |G GO0 13217
LD, fbl, mé = 600 GeV i 359
LOD, fbi, mi = 460 GeV/ i 2110.04809 (Displaced leptons) |Gl 18 m=
LQD, f-4bl, m: = 1600 GeV i 2012 01581 (Displaced jets) [IIINGGGESTEER 132b7
GMSEB, §gG, my = 2450 GeV § 2012.01581 (Displaced jets) [0 0006-0.55 m 132 b~
GMSB, 549G, my = 2100 GeV g 1906.06441 [Delayed jet+ MET) [0 03234 m| 1371
Split SUSY, §=adxd, m;=2500 GeV g 2012.01581 (Displaced jets) [0 0/007=0.36'm| 132 fb~?
Spiit SUSY, d-gq)?, mg = 1300 GeV K EX
Spiit SUSY [HSCP), fip = 0.1, my = 1600 GeV i CMS-PAS-EXD-16-036 (dEfdx) 129
MGMSE (HSCP) tanf =10, u>0 , m: =247 GeV B CMS-PAS-EXC-16-036 (dE/dx + TOF) 129
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SM H=XX(10% ), X-+bb, my =40 GV x CMS-PAS-EXO-21-008 (Decay in Muon System) | pii-6@m 138 b~
SM HoXX(10% ), X=TT, me =7 GeV X CMS-PAS-EX0-21-008 (Decay in Muon System) [0 00177456 m| 138 fb~?
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cr [l
Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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Search for resolved high-mass trijet
resonances  CMS-PAS-EXO-22-008

» Targeted both the 3-body decay (X—jjj) and cascade decay (X—Yj—jjj) in
[1.75, 9.0] TeV. Extended a previous CMS search [Phys. Lett. B 832 (2022)
137263 ]for the cascade decay

» Background estimated from parametric function fits to the data

» No significant excess. Limits could be easily reinterpreted with other models
predicting such new heavy resonances
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Anomaly detection search for new resonances
decaying into a Higgs boson and a generic new
particle X  PHYS. REV. D 108, 052009 (2023)

The anomaly detection in this search is performed with a

jet-level anomaly score (SA ). The SA value is given by Y ~manmncl
a variational recurrent neural network (VRNN), which
consists of a variational autoencoder (VAE) whose latent
space is updated at each time step of a recurrent neural
network (RNN).

ATLAS
V=13 TeV, 13807

vV v v v vV Vv

The lowest observed p-value

corresponds to the bin with

mY € [3608, 3805] GeV and

mX €[75.5, 95.5] GeV

i 1.40 global significance in
BumpHunter

10"

10’
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FIM[AM[3[J[A[S[O]N[D] 3 FM[A]

Run 6

Last update: April 2023

Run 2: 140/fb

Run 3: ~450/fb
HL-LHC: ~3000/fb
(~20'x today’s dataset)

Shutdown/Technical stop
Protons physics

Ions

Commissioning with beam
Hardware commissioning



» Thank you for attention
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Evidence for off-shell Higgs and
Measured Width e

<140 b (13 TeV)
| | |

I I I I I | T I I I | T ]
14— 212v+4l off-shell + 41 on-shell
CMS <138 b (13 TeV) L —— 212y off-shell + 41 on-shell :
b 'H'D“'S,,'e,' I A 121~ —— 4] off-shell + 41 on-shell —_
12:_ HE,I,TFHIEI (u) _: 10 Observed ]
: - I Expected i
10F Observed - - gl
- i N <
z g Expected ] 8 |
< : 6 >
q"' 6 _: :_
4_ ] 4= o
- __J_+9_5°Taﬁl__-' ]
2 - 2 7]
___,_____B_BE:EL ] 2 . ]
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off.shell Higgs evidence: 3.60 Observed FH — 32f%44MeV




H CMS ¢ Y 138 ', (13 TeV)

agH Analysis % 12of e % o o e
» Boosted cc system in the final state 3o e =20 - e
g 0 Z{gq) & Other

[ . Wi — ocD

-— HicE) x200

zigy = 1.0 Py =86 7

o 4199
P = 86155y

45 (38) at the 95% CL.

| ISP P | | Ui i SRR IR Y
T T T T T

£1.10) Big. . 3
gé ~Hx200
VH Analysis of the Run 2 datasets ST e e
» Higgs to charm reconstructed both in the Jet mso [GeV]
boosted (pr>300 GeV) and resolved regimes e

Resolved regime:

* Using deep neural network to improve rejection
of light quarks vs b jets (DeepJet)

* Dedicated energy regression

» 3 Categories: 0 lepton, 1 lepton, and 2 lepton
targeting Z—vv, W—dv, and Z—&
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Events/0.5 GeV
= 3 :

Methods of W mass measurements

>

NRC KI - IHEP

L —

The transverse mass is
« less sensitive to the qT(W) spectrum
« much more sensitive to the hadronic recoil

But, due to pile-up, lepton pT is more
promising at the

Experimental challenges
« control the lepton energy scale at < 0.1%
« pile up conditions




EW Vector Boson Scattering
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Scalar Diquark
PR+ VX
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Overview of CMS EXO results

August 2023
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Dark matter models
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Higgs portal
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Extended
Higgs sector
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Prompt low mass di-muon with scouting

Targeted signature: 2 muons with small primary vertex displacement
« Triggering on double muons (>3 GeV) with the scouting method

« 2017 + 2018 data (97 fb-1)

» Benchmark model: Hidden Abelian Higgs Model, 2HDM+s

vV v Vvy

Baseline selections

> 1 opposite sign muon pair
ppTT>4GeV,nm<1.9

|PV -BeamSpot| (L) < 0.2 cm
Pass two custom muon BDT IDs

vV vy VvV VY

(mmuuuu<4GeV: J/Ypyymmuuuu>4GeV: Upsilon)
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Prompt low mass di-muon with scouting

Bump-hunt on the di-muon mass spectra
Limits are set for muu in [1.1, 2.6] and [4.2, 7.9] GeV

o Largest excess @ 2.41 GeV in the boosted category, low mass selection

vV v . v Vv

Local 3.20, global 1.30

_ p
— 10 CMS Preliminary 96.6 b (13 TeV) = CMS Preliminary 96.6 fb' (13 TeV)
o) E =
% - — Observed g — Observed
é(’ i ----Expected < 1 §_ . Expected
X000 ER X F M+ io
? 3 [(]+2c EE EF
X ;E 107
o ~— =
m u o -
X m C
?1071 - /)i L
. <
é - 1 1072 =
° i g -
A.Myas 102 - A © B
2 3 4 5 6 7 8 108 , , . . L
M [GV] 2 3 4 5 6 7 8

m,, [GeV]



CMS PAPER TOP-23-001

Analysis strategy: use leptonic final states to measure the
helicity angle cos ¢ = €1-€2 (measured in the top reference frame)

The entanglement proxy D is extracted with a template fit

vV v . v Vv

o All systematic effects included as nuisances

Dobs = —0.478 + 0.017 (stat) %078 (syst)

Dexp = —0.465*5515 (stat) *3%%3 (syst)
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Interpretations

Deviations from SM in high energy region can be expressed as anomalous
triple/quartic gauge couplings

and can be interpreted using different theoretical approaches.
Effective field theory (EFT)

> Modern model independent approach to parameterize BSM effects
(deviations from SM in

» the measurements) in the Lagrangian

» > Effective Lagrangian is based on Taylor expansion in local operators with
mass dimension >4:
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CMS

vV v . v Vv

A.Myagkov

1 chan!

Exclusion limit on HH production cross section:
1 Observed (expected): oHH < 52 (97) oHH(SM)
d Constraint on Higgs self coupling modifier:

1 Observed (expected): -25.8 (-14.4) < kA < 24.1

NRC KI - IHEP

MET channel
Small radius
Expected: 252
Observed: 340
MET channel
Large radius
Expected: 480
Observed: 707
1L channel
Small radius
Expected: 737
Observed: 367
1L channel
Large radius
Expected: 398
Observed: 473

2L channel
Expected: 210
Observed: 298

FH channel
Expected: 220
Observed: 367

Combined
Expected: 124
Observed: 294

CMS Preliminary
R L

138 fb' (13 TeV)
Rt E R

[
200 400

Ky =Kpy =K; =1

Observed

I
Median expected
68% expected

v be vy vy b by s bwv o bvww b v 1wy o |
600 800 1000 1200 1400 1600 1800 2000 2200
Upper limit on o/cy,,




HVV anomalous coupling H—»>ZZ—f£¢¢
arXiv:2304.09612

» A neural-network trainning performed to enhance the VBF purity
» 4 VBF SRs defined with NN output
. A TL A S Expected: Stat+Sys
» « Three types of fit perform H s 77% s 4] — onen sy
_ {s=13TeV, 139 fb" seved Sromy
»  Production — CR(ZZ, VBF-dep)+SR(VBF1-4) SMEFT CP-odd couplings
»  Decay — CR(ZZ)+SR(inclusive) | BestFit 95% CL
Cus —a—3 0078 [-0.61,0.54]
» v Combined — CR(ZZ)+SR(VBF-dep, VBF1-4) i ; b ] oo 1057 0581
Cow E = 3 0.6 [-0.81,1.54]
a [—I'r—] %10 -0.003 [-0.026,0.025]
522 E = 3 078 [-1.2,1.75]
Ez'y l 3 0083  [-0.84,0.83]
c,, . 0.0083  [-0.99,093]
A.Myagkov  NRCKI - IHEP = _0'5 ' '0' — 0'5 — 'Il — 1'5 — '2 — -2.5

Parameter value




Measurement of the W Mass at the LHC
2403.15085

ATLAS 7 TeV
mW = 80366.5 + 9.8 (stat.) + 12.5 (syst.) MeV = 80366.5 +15.9 MeV,

Orvenview Of M, MERSUNSTIENES.
L oot | ATLAS i'e m
- =7 TeV 46 &
o et e I —
S m s m
%ﬁ' ur::-: B Msasurement . .
- lau. Linc.
TLAS 2024 liTctal unc.
L‘:ﬁﬁ! T .EH Prediciion
B 50200 50300 50400

m,, [MeV]
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H mass arXiv:220/7.00320

One of the fundamental parameters of the standard
model (SM)

Uncertainties : lepton and photon energy scales
ATLAS Legacy : combination of Run | and Run Il measurements in H — yy and H — 4l

The combined measurements profit from the increas
dataset, and from significantly improved calibrations
PhysRevLett.131.251802 of the electron and photon energy [16, 21] and of the
muon momentum [17, 22].

mg = 125.11 = 0.09g5% 0.065y: GeV : precision §(0.09%)

2 __I T I T T T T T T T ||_l |m|in| | ] ==
T 8Famas 00 = S oy 5w
N 16FH 77" s a4l — : c
v 1.0 H-— - ——2e ~ = F-13TeV, 130 1
| g T T 0 e E N mH = 125.04 + 0.11stat +
E S0
1.20

NRC KI - IHEP
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darkHiggs(WW) + MET (CMS) PAS EXO-21-0

xxmass through dark Higgs (s) Yukawa coupling

two mediators: ZZ',ss

free parameters: mmss,MmmMyy,MmZzz',ggxx,99aqq

Two final states are considered:
s—WW-lvlv (di-leptonic)
ss—=WW—lvjj (semi-leptonic, resolved)

Limits are set on dark matter production in the contex
dark Higgs simplified model, with a dark Higgs mass at

W+W- mass threshold
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CMS Preliminary 13707 (13 TeV) I CMS Preliminary 137" (13 TeV)
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