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The Standard Model is working very nicely! HEP experiments
give values consistent with theorist's calculations.

Standard Model Total Production Cross Section Measurements

Status: February 2022

Q 101 2o
o 3

e

10°

10*

10°

102

10

1

(i

1072

b 106

500 pbt
80 b~ ATLAS Preliminary
- Theory
Vs =7,8,13 TeV
LHC pp Vs = 13 TeV
o BBl Date 32-1391!
Ao
O
Ao LHC pp Vs =8 TeV
BBl Data 202-203fb"
LHC pp Vs =7 TeV
- BBl Data 45-46b"
-+ o0 o
e = §
H - “* oo
n“-un. -’(%I-"n‘ *-O-_D_
2fpt O
_aCn_VBF )
WH i
H‘I’ a 8 W-|V:%-W
VH —
g "
o
EH 1=l
(xo.a)_l_ wwz
~02Q
PP wW z tt t Wt H WW WZ ZZ tttW ttZ

t-chan

tTtt
W But...

s-chan




... hot consistent with non-HEP observations

* Hierarchy problem
* Higgs mass only correct if parameters are very precise for cancellations to occur

* Matter/Antimatter asymmetry

* SM says matter/antimatter are almost the same, but world tells us that thereis
more matter

 Dark Matter

* Cosmological observations show large blobs of unseen mass and SM cannot
explain them

* No gravity, Dark Energy, neutrino masses...




Collider experiments allow you to sample a huge
space of theories with one experimental setup!
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Big Questions
Evoluticn of early Universe Axion-like particles
Matter Antimatter Asymmetry
Nature of Dark Matter
O:igin of Neutrino Mass
Origin of EW Scale
Origin of Flavor

Multibosons

Higgs couplings
Missing E/p

Long lived particles

Rare decays Top Exploring R SUSY
Physics thE UHkHDWI’I_ ntaraetions Heavy gauge bosons
Top mass : Symmet
Leptoquarks
Top spin FCNC New scalars Heawy neutrinos

Very useful if you don’t know where to look...




Vector Bosons Higgs Physics
* Indirect searches for BSM * Responsible for ElectroWeak
* Precision measurements Symmetry Breaking
e Global SMEFT fits * Do we have only one Higgs?

e Shape of potential?

Resolution [m]

* Backgrounds/tools to Higgs
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https://www.particlezoo.net



https://www.particlezoo.net/

ATLAS SM Summary Plots
CMS Summary Plots
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2021-024.html
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ATLAS: STDM-2019-22
CMS: SMP-21-005
LHCb: Phys. Rev. Lett. 128 (2022) 082001

C S W=

* Constraints s-quark component of PDF.
* Important for VH->cc searches. g W :
* W+c: charge symmetric Background: charge symmetric

* Measurements suggest s-sbar asymmetry is small in the probed x,Q? region

Unfolded differential results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-22/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-005/index.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-029.html

Cristiano Tarricone

Wednesday

SMP-21-003
W/Z +0,1,2 jet events

allow tests of real
corrections.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-037.html

Events / 2.5 GeV

* Indirect BR’s of Z’s can be modified via new particles

* Potentially unequal couplings to T’s

* Future background to quarkonia higgs decays.

Phys. Rev. Lett. 121 (2018) 141801
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-016/
http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-16-001/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2022-033.html

ATLAS: ATLAS-CONF-2023-012

CMS: Phys. Rev. D 102 (2020) 092001
WW Measurements

* Test of pertubative QCD/EW

* Background to Higgs searches

e 12 unfolded distributions
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e Also measurements of ZZ/WZ
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-012/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-004/

Danning Liu

Wednesday

Rare process sensitive to Beyond the Standard Model physics
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wE W W W+
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Universality violated if
SM behavior slightly off.

* Characterized with two forward jets

Process ATLAS CMS
* Analyses target leptonic decays of Vs ZZjj 5.70 @ 139ifb  4.00 @ 137 ifb
_ o _ . WZjj 5.30 @ 36.1ifb 6.80 @ 137 ifb
* Multiple VV combinations used in aQGC™ fits  'sswwijj 650 @ 36.1 i 5.50 @ 35.9ifb
0S WWijj 5.60 @ 138 ifb
Zvii 100 @ 139ifb  3.90 @ 35.9 ifb
WYyjj 5.30 @ 35.9ifb

* anomalic quartic gauge coupling
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-007/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-008/

SMP-21-001

* Main backgrounds: Drell-Yall and ttbar
* Negligible interference between QCD/EW
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-001

ATLAS-CONF-2023-005

* Mix of triple and quartic gauge couplings |’ | -
* Soon background to to H->yy : e s NaS
* Main background from fake photons —

Q|
%

* Complimentary to CMS Wy (SMP-21-011)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-011
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-005/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-014/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-006/index.html

“Collision” of photons radiated off incoming protons.

* Clean experimental signature
* Protons (often) remain intact and slightly off beam.

* Very little activity in detector (no QCD in process!)




* Reconstruct protons using PPS

* Hadronic decay of V’s

* High energy regime sensitive to BSM.

* Targets both yyWW and yyZZ
* WZZ not at tree-level in SM.

SMP-21-014
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No excess over background. Limits are set on aQGC.

PPS: Precision Proton Spectrometer is a forward detector to catch scattered protons.

PPS Roman Pots containing Detectors
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* ATLAS equivalent is AFP: ATLAS Forward Protons



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-014/index.html

Phys. Lett. B 816 (2021) 136190

Y W+
* Leptonic decay of W’s
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Zyij (STDM-2018-59)
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Benedetta Camaiani
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Plenty of statistics for differential measurements.
HIGG-2020-25 HIGG-2018-49 HIG-19-016
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Aliya Nigamova
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Starting to measure couplings to second generation fermions.

CMS 138 b (13 TeV)
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Use of boosted channels in CMS.

138 17 (13 TeV)
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ATLAS LVF: HIGG-2019-11

|
s 03 T T T T ||l
S L [des%cL g
£ - ATLAS im 3
= E 1 [@es% cL I T
£ 0251 Vs=13Tev, 1380 Mecate o @
C SM ] =
i 02F ) 10 s
= E 1 €
Q i ] =
045 L
B = Q.
L 1 Q
01F 102
L ] (@)
- g (e
0.05:— E LB
o0F * ]
_'05:...|I.|..IH.llll..l..l.l“..l..lllll..'
01 005 0 005 01 015 02 025 O
B(H—ert)in %

CMS LVF: HIG-22-002

CMS Preliminary 138 fb™ (13 TeV)

:lllllllll||]|||||||l||||||||||||||T||||||||||||_ (%\
8 95% CL limits 1S
7 —e— observed

- expected + 1o

expected + 2c

[e2]
L L LI L L LRI B

95% CL limit on 6(pp — X — ep) [fb]

o b b b b b b b by by

0 115 120 125 130 135 140 145 150 155 160 I

my [GeV] g

ATLAS H>wy: HDBS-2019-33
|

0.5
0.4
0.3

40

20

H . _ _ > 140 B L A R
ATLAS H-inv: HIGG-2021-05 3
1 | | : : | g 120 s=13 Iev',gse.s fbo!
73 C ata
09 ATLAS — Observed ‘g 100 o + —— Background Fit +16
G 5=7TeV, 471" ... Expected it LY [ Background
i B 4 C p [ ] BH-wy)=1.5x10*
Vs=8TeV,20.3f5 (ERY 80— — [
0.7 Vs=13TeV, 139 fb' [J+2 F
0.6 soF-

IIIIIIIIIIIII|IIII|IIII|III||IIII|IIII|IIII

15

i + 4
01 e = Y Ll
0 ! I ! E 05 t

P & &L & @ 100 150 200 250
& Q%QXé\« & ¢\)\\\x & ?&(\,Loo Q\&\,\c_.o \ﬂ«m I M [GEV]
&
]

CMS H-inv: HIG-21-007

. 49 o (7 TeV), 19.7 fb™ (8 TeV), 140 b (13 TeV)
10_ T SN l| T T T T

.
e CMS
.
o,
e,
e
e,
‘0
e,

T T T T b TE T

90% CL limits
B(H — inv) < 0.14

Higgs portal models

CMS H-»ee: HIG-21-015

138 b (13 TeV)

v v o o

1
|
=
8
)
o
S
)
T
3
o
3
o
<
I

— Observed = == Median expected

radiative
-~ Vector DMmz i

g 0.09
=~ - Scalar DM 3
— 0.08 . 68% expected 95% expected
E=- Vectorome™ 3§ ’
radiative —- 0.07
~— Vector DMmfmoeev E

<60000 x SM

»y

95% CL limit onB(H — e*e’) (%)

Direct-detection
sess GRESST-III
=ssx DarkSide-50
=axs PandaX-4T
senn | UX-ZEPLIN

PR (SR IS SR TS BT S
122 123 124 125 126 127

PR I
129

1
128

ool v vod ol v

10—51’ L Lol L Lol L
10? 10°
)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-33/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-015/index.html

ATLAS: HIGG-2018-32

Stylianos Angelidakis

Wednesday

CMS: Nat. Phys. 18 (2022) 1329
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Many measurements from LHC targeting the EW sector.

* Vector bosons

* Precision measurements of W/Z and VV production

* Starting to observe rare processes: VBS, photon-induced
* Higgs boson

* Forming picture of the Higgs as very SM-like

* Self-coupling will be the next big measurement







Predicted in SM to 7 MeV
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