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Energy Frontier: explore the TeV energy scale and beyond

Aims at investigating open fundamental questions and exploring the
unknown...through the breadth and multitude of collider physics signatures
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Fruitful LHC & TeV Physics

A Toroidal LHC ApparatuS 3 - 2013 NOBEL PRIZE IN PHYSICS ' { )

ki e e o Francois Englert 9]
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» Solenoid + Toroidal magnet (2T) : w N
« Fine granularity liquid Ar/Tile — Peter W. Higgs L / |

calorimeters
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The Royal Swedish Academy of Sciences
has decided to award the Nobel Prize in
" Physics for 2013 to

Frangois Englert and Peter Higgs o

“for the theoretical discovery of @
mechanism  that contributes to our
understanding of the origin of mess of
subatomic particles, and which recently was
confirmed through the discovery of the
predicted fundomental particle, by the
ATLAS and CMS experiments at CERN’s Large
Hadron Collider”

Compact Muon Spectrometer

+ 28.7mX15m, 14000 tons

» All silicon trackers, 4T
solenoid magnet

+ PbWO4+Tile calorimeters

& & BN T IRERN R

Carriers

Z Iy

| Z boson’ photon

e Fundamental Physics at small
length scale.

e Vast and rich physics program at
the high energy frontier.
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Fruitful LHC & TeV Physics

Show all  Total Exotica  Standard Model Supersymmetry Higgs Top Heavy lons

B and Quarkonia Forward and Soft QCD Beyond 2 Generations Detector Performance

1152 collider data papers submitted as of 2022-08-02

CMS Physics Timeline
Similarly for ATLAS




LHC Status
First Stable Beams at 13.6 TeV — 5th July

Live from CERN: Join us for the first collisions for physics at 13.6 TeV! Data up to 2022-07-23 2022 (pp 13.6 TeV)
41,634 wiching mow Starind streaming 88 minutes 890 1 At 2002 CERN rearied ) y
s Hados HO] Sief rées (o s more CMS B | HC delivered, max: 150.6 pb~'fday
[0 CMS recorded, max: 132.3 pb '/day

Online
150+

100+

50

Integrated luminosity (pb '/day)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/\WWebHome#Detector O ’_ﬂ*\r \j \\: S oy
5 RS \x\" \’5‘) \‘a"\ N ¥ oW ’L\\Q ’f’\‘) [§)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults Date (UTC)




Great Potential and Rich Physics

e  oing Beyond
,Zad_,e;d g— 1 nb - ns_ . ° Dark.Mat.ter,
proton-lead 0.5 pb? 0.1 pb* 0.25 pb! e CP violation,
oxygen-oxygen 0.5 nb* 0.5 nb 0.5 nb! e Flavor symmetry,
proton-oxygen LHCf 1.5 nbt 2.0 nb? e Fine Tuning,
e Neutrino Mass
e [epton Flavor

Universality Violation
e Muon g-2
o W-mass!




Indirect and Direct Searches

W W Events P
Dimension 4 A & SN
Standard Model Beyond the
SMEFT Standard Model

. dimensions > 4
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Boosted jets: Increasing transverse momentum, py



HEPSummerDays2022 July 15th

Friday, July 15, 2022 144 ATLAS B CMSLHKI3Z

HEPSummerDay i et R N00NERHEZST.

Convener: Prof. Yajun Mao (Peking University)

MEI ) 2022 GHE=0E  penningEa 1325 1510 Session Aftemoon-1
E H‘ ’ 07 'l 51.- Speakers:  Prol, Yuanning Gao (Peking University), Prol. Zhengguo Zhao Convener: prof. aquan FANG Yaquan (B EEFR)

09:20 - 09:45 IHEP ATLAS 25 13:30 - 13:55 Nanjing ATLAS 25
FEYEFSREVESSFRESRT2253/3HELIBEAERF. Speakers: Yanping Huang (FS8EFF), Dr. yanping huang (hep) Speaker: D, 77§ B (Nanjing University)
WiiEl, AERRHERE “TeviPEKIRAR" MAXNBFHEYILHCE Material: [ 'Slides % Material: | Siides = &0
ATLASFICMSSCIR4RT I R .

09:45 - 10:10 IHEP CMS 25 13:55 - 14:20 Zhejiang CMS 25
ATRAENEAIERRALIVRRE, EFtRTEATVIERRER, Speakers: Jin Wang (F522ER), Jin Wang (IHEP) Speaker:  Prof. Meng Xiac (Zhejiang University)
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TeVSENRIRTHE. 3.
14:20- 1445 SJTU/Lee ATLAS 25'

RITERRERNBIBMEF PO ERRIRAlbert De RoeckEREREIN 20201020 anfng Coﬁe.e Speaker. Prof. Kun LIU (Tsung-Dao Lee Institute, Shanghai Jiao Tong University)
MRS (17:00-18:00) HAFAKMRE, WHikHiggsRIM-+FHIHMPME 10:29-12:10 Session Morning-2 Material: | Siides = )
B Albert!Higgs&ﬂNCMsﬂﬂgHiggs Convener, m.ggcmsafﬁ Convener:  Haijun Yang (Shanghai Jiao Tong University) =

Materiai: Slides ) Malerial: | slides %)

14:45 - 15:10 Fudan CMS 25°

EAMREA. 10:30 - 10:55 Tsinghua ATLAS 25' - k &
Speakers: Prof. Xin Chen (University of Wisconsin-Madison), mingming x s E’_ DEuyang Gao (Fusan Universy)
2022/07/15 09:00 - 18:00 Materiat: Siides %) Material: | slides )
z . - 15:10 - 15:25 Afternoon Tea
Meeting ID: 390 597 013 (zoom) 10:55 - 11:20 Tsinghua CMS 25' Lon 1100 i
Passcode: 446459 . i iveisi WS 5
5 s Hi /
Spedlisr; ProlZes Hu (Tun Uivarsio} Convener: Prot. Mingshul CHEN (IER)
https://indico.ihep.ac.cn/event/16983/ Materiat: | Slides ) R IOB S USTCCMS 55
20 -11:45 i g Speaker siny o
Prof. Dr. Albert De K 11:20-11:45 Beihang CMS 25 Prof. Nan (##) Lu (®) (University of Sclence and Technology of China}
Speaker: Prof. Li Yuan (Beihang University) Material: | Slides m
A senior research scientist and staff member of the largest particle Material: Slides ﬁ
;’W '-W::'":'."* ":"':-. mcf:f';_"g'““:;: 23 15:50 - 16:15 Shandong ATLAS 25
countries In the Middle East region and in South East Asla, and Is 5 y ! Speaker:  Prol. Haifeng Li (Shandong Universil
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the British University in Cairo (Egypt) and NTU in Singapore. Spaaker:. D Mang Lu (SYSU)
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Huge efforts on performance improvement

- e ~ x W=
- : -

H u bble https://bithole.dev/misc/jwst-comparison/ JWST



Huge efforts on performance improvement

Evolution of the performance for several objects in CMS from 2012 to 2022

® Tau energy scale

® Luminosity uncertainty
Photon energy scale contribution in Hgg
® Jet Energy Scale (low pt)
® Jet Energy Scale (high pt)
@ bTag efficiency @1% mistag
Tau tagging efficiency @0.5% mistag
@ Jet energy resolution @30 GeV, PU=25

2014

2016

2018 2020

|

Light jet rejection - b tagging efficiency ¢ = 70%
JetProb 2010

Initial tagger based on track impact parameter

H IP3D-JetFitter/SV1 201

Impact Parameter (IP) and Secondary V

ation based on MultiVariate method (MV)

H MV1 2014

Tagger combin,

MV tagger atter IBL. insertion at Run 2

“Mvzczo - IBL 2018

Doop Learning Noural Network tagger

Hour 2019

* Variation in efficiency due to lower jet threshoid and improved charm rejection

RN VA (0 R N NET VAN I VAN AN TN FEN 1A A IO VO TR A NS AT VO VN LN VR O (0 OO (A

2022

1200 1400 1600
Light jet rejection factor

400 600 800 1000

Fabiola Gianotti Higgs@10

PEEERF., BF, KF. tau, BEFICFFAEMEH T ARER

TR, RET ST AN, BRARMG !
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Stair to X :BEXEIM ¥ cus ATLAS SM summary Plots

Overview of CMS cross section results

CMS preliminary 18 pb~' - 138 fb~! (7,8,13 TeV)

Wi 77ev SMP-00-000 - aiWj) = 1.3e+07 fo 5 fb!
w2; 7Tev SMP.00-000 - o1W2j) = 2.5¢+06 fb 5 th-!
w3j 7Tev SMP-00-000 - - 0(W3)) = 3.9e+05 fb 5 fb~!
waj 7Tev SMP-00-000 V+ - O(W4)) = 5.6e+04 fb 5fp~1

2 7Tev SMP-00-000 j e s - o(zj) = 4 3e+06 tb 5fb!
22 7 TeV SMP-00-000 W 0(Z2) = 78e+05fo 5fb!
23 7 Tev SMP-00-000 W 0(Z3) = 12e+05 b 5fb~!
24 77ev SMP-00-000 - a{z4)) = 2.50+04 fo 5fb~!
wy 7 Tev PRD 89 (2014) 092005 - olWy) = 3.4e+05 fo 5fb~!
wy 13TV PRL 126 252002 (2021) ®  OolWy) =14de+051 137 fb?
2y 77ev PRD 89 (2014) 092005 ® 0lZy) = 16e+05fb 5 fb~!
zy 8Tev |HEP 04 (2015) 164 ®  olzy)=19e+051b 20 fb?
ww 7Tev EP|C 73 (2013) 2610 W oWW) = 52e+04 b 5 fb~!
ww BTev EPIC 76 (2016) 401 W OIWW) = Ge+0d fo 19 fb~?
ww 137V PRD 102 092001 (2020) W B O(WW) = 12e405fo 36 fo~!
wz 7Tev EPIC 77 (2017) 236 i ow2)=2e+04 0 5 fb~!
wz BTV EP|C 77 (2017) 236 @ olWZ) = 24e+04fb 20 fb~!
wz 13%eV  Submitted to JHEP ¥ oWZ)=51e+04th 137 fb~1
7z 7Tev JHEP 01 (2013) 063 & 0122) = 62e403 10 5 fb~!
2z BTV PLB 740 (2015) 250 @ ozz)=77e+0310 20 fo~!
2z 13 Tev EPJC B1 (2021) 200 4 0ZZ) = 17e+04 0 137 fb!
wv 137eV  PAL 125 151802 (2020) W oWV =1e+03th 137 fbo~!
www 137V PRL 125 151802 (2020) O{WWW) = 5.9e+02 fo 137 fb~?
wwz 137eV  PRL 125151802 (2020) SR  owwz) =3e+02fd 137 fb~!
wzz 137TeV  PRL 125151802 (2020) 0(WZZ) = 2e+02 fb 137 b~
22z 13 Tev PRL 125 151802 (2020) 0(Z22) < 2e+02 fo WV 137 fb~!
wvy 8%V PRD 90 032008 (2014) oWVy) < 31e+02 fo 19 fo~!
Wyy BTev JHE? 10 (2017) 072 — olWyy) =491 19 fb~!
Wyy 13TeV  JHEP 10 (2021) 174 il otWyy) = 141b 19 fb~!
Zyy B Tev JHEP 10 (2017) 072 — olZyy) =130 19 fb~*
2yy 13TeV  JHEP 10 (2021) 174 i oZy-sam 19 fo~!
VBF W 8TeV JHEP 11 (2016) 147 =mfie OolVBF W) = 42e+02 o 19 fo!
VBF W 13 Tev EPJC B0 (2020) 43 W»  Oo(VBFW) =62e+03f0 Tagging et 36 fb~?
VBF Z 7Tev JHEP 10 (2013) 101 wlllisn  OlVBF2) = 1.5e+02 b 5 fb~!
VBF Z 8 Tev EPIC 75 (2015) 66 milles  O(VBFZ) = 17e+02 b 20 fb7!
VBF Z 13TeV  EPIC 78 (2018) 589 e o(VBFZ) = 53e+02f0 36 fo~!
EWWV 13TV Submitted to PL8 OIEW WV) = 19e+03 fb 138 fb~?
ex. yy ~WWg Tev JHEP 08 (2016) 119 S olex. yy-WW) = 221 20 fb~!
EWaaWy 8 Tev JHEP 06 (2017) 106 e 0(EWagWy) = 1110 35 20 fb~!
EWgaWy 13TV  SMP-21.011 e O(EW gaWy) - 19 th 3 138 fb~!
EWOsSWW 13TeV  Submitted to PL3 Ml oEWosww) =10 9 138 fb~?
EWssWW BTV PRL 114 051801 (2015) O(EW 55 WW) = 4 tb tagaing jet 19 fb~!
EWssWW 13TeV  PRL 120 081801 {2018) ) OlEWSSWWI=4fo - - 137 fb!
EWaQuZy 8Tev PLB 770 (2017) 380 e olEwqaZy) = 19 V B F 20 fo~?
EWagazy 13TV PRD 104 072001 (2021) o{EW gqZy) = 52 fo ec or oson uslon ca erl ng 137 fb~!
EWQoWZ 13TV  PLB 809 (2020) 135710 il OIEWQWZ) =181 137 fb!
EWqgZZ 13 Tev PLB B12 (2020) 135992 S ccEWaaz2)=033fb 137 fbt

s L s s
1.0e-01 1.0e+01 1.0e+03 1.0e+05 1.0e+07
o Ifbl May 2022

Measured cross sections and exclusion limits at 95% C.L.
See here for all cross section summary plots

Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty
Light colored bars: 7 TeV, Medium bars: 8 TeV, Dark bars: 13 TeV, Black bars: theory prediction
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The landscape has changed,

but the fundamental physics drivers have not

Concentrate on measurements, not limits ﬁ;ﬁﬁﬂﬁl}l*%ﬂﬂ %E;H{”ﬁ% |

We continued to improve our knowledge of the Standard Model
We’ve measured couplings, particle masses and the structure of interactions
New quark and gluon combinations, magnetic and electric dipole moments

Center-of-mass energy /s [GeV]
p 10°

¢ Glory in our successes — and shamelessly promote them
H
: ] Model P Cross Section M s syans fe
| ol . - dmnci sl 1 &t Muon Anomalous Moment
T W e e = P R BN 5
= oy P : | LM20 ! . E‘ -
Our knowledge of the cosmos : K | BMw20 o
. . . ‘ W g | ETM18/19 —@——+1 |
and its connection to particle physics o P | MainzcL1o -
. bl oy & | PaCs19 '
has increased tremendously. 4 Wl | Recukacoe e
o | 1 e
< = = § iRt?ql/uKoco -
Precision cosmology R —
The discovery of dark energy led to a precisi prog to ﬁ: :_1.: 1 Sz ) t :,D;", WP
- :m_derstand its physics. R a 7 ° ‘rDHMZ19 i,
‘[ = S i ":I': ) o ATLAS Preliminary ‘ kb el
\ il =, RUN1.2 Vi=7813T&W | VI’PZO J J"':'_'l
g ] B T " @ 50 40 30 20 10
- 104 100 102 100 1 100 10° 10° 10° 10° 10° 10" 0510152025 (asl“qn:m)x 10
" - o [pb) data/theory :
= o LHC Run 1 & 2: Experimental and Theoretical triumph (see J. Thaler talk)
Highlights and Messages from the Snowmass Summer
Ul ah, 2022 Study. Prisca Cushman 27 13
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W-boson related topics

3

W+

do/dNyys [pb]

i
o)

WAANRA BULLLL BRALLL ILRLLL B R

—4— MG_aMC FxFx + PY8 (< 2] NLO + PS)
—#— MG_aMC + PY8(<4jLO + PS)

N

.2 fb' (13 TeV)

CMS

¥ T

W+jets

i

CMs

P > 30 GeV, Iy < 2.4
Wi(uv) + Jets
1 | | L L 1

opprpﬁ—»WW’WZJZZ (pb)

anti-k; (R = 0.4) Jets m

‘%

T T

pp NNLO QCD x NLO EWK (MATRIX)
&= pp NNLO QCD x NLO EWK (MATRIX)

WW

pp NLO (MATRIX) =
== pp NLO (MATRIX) o
A i
i,'_,/-f’ 4_,-—..'.—7:7:'::: =
P S e
e - it S
.// . S i
CcMS

7 AT
i ,i»/&
> i

/>>" WZ measurements

*

WW measurements o ATLAS
v

ZZ measurements A

CDF
Do

%

[ Syst. + stat. unc. (gen)

MG_aMC/Data MG_aMC FxFx/Data

WAL AN A LAY RRRL

[ Stat. unc. (gen)

=‘1 =.2 =‘3 =I4 ='5

=
N]ets

wWwW : b
* * O vp GD
" t i
b
5 i + i |
@
- — =
¥ 3 i ; 3
2 4 6 8 10 12 14
Vs (TeV)

WWW discovery

CMS 137t (13 TeV)
e BOT total stat
E + + Sequential-cut 1.02 fg:gg Tg_,zzg
1 1
1 1
i e 1.15 1543 636
) 0.86 3%} 1435
1 1
: : - 224 13050
1 1
1 1
; Allowed <54 |
i |
P Y B AR A VPR A e SO Ol N S - 20 A oo T ] B Wl T O W Ty O 1
0 1 2 3 4 5 6

Signal strength p
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DO (4.3+1.1 fb™") [Phys. Rev. D89 (2074) 012005)
mw = 80375 + 11 (stat.) + 20 (sys.) MeV

CDF (8.8 fb1) [Science 376 (2022) 170]
mw = 80433.5 + 6.4 (stat.) + 6.9 (sys.) MeV

ATLAS (4.6 fb™") [Eur. Phys. J. €78 (2018) 110]
mw = 80370 + 7 (stat.) + 18 (sys.) MeV

LHCb (1.7 fb-) yHEP 01 (2022) 036]
mw = 80354 + 23 (stat.) + 22 (sys.) MeV

W Mass

T
—— Total uncertainty

Stat. uncertainty

Tevatron I combination

80100

—_——e————
PRD 70 (2004) 092008
Do II °
PRL 108 (2012) 151804
LEP combination °
Phys. Rept. 532 (2013) 119
ATLAS
EPJC 78 (2018) 110 "
LHCb .
JHEP 01 (2022) 036
CDF 11
S R0 8 SR R o RTINS |
Electroweak Fit (J. Huller etal.)
EPJC 78 (2018) 67 1
Eleur()\\eak Fn (.l de Blas et al.) -
arXiv:2112
80200 80300 80400 80500
my, [MeV]

Events per GeV!

Data/fit

chnce

Lo Ve

3 L
HEAVYWEIGHT

x10°

W LHCb (W' :
150} ifitregion | 17! (fitregion : 4
H : {  Data ' i :
i i Elw oy
100F |z = un
: - W = v
50F i - Light hadrons
d - Rare backgrounds
. TS
0.6 : ! H
-0.04 -0.03 -0.02 -0.01 0 0.01 002

Muon g/py [1/GeV]

e studies ongoing towards a combination between Tevatron and LHC measurements

e CMS Intermediate results

o Phys. Rev. D 102 (2020) 092012:

m  Measurements of the W boson rapidity, helicity, double-differential cross sections, and charge asymmetry
o CERN-THESIS-2021-271 thesis of Elisabetta Manca

m “...of the order of 10 MeV, using the data...

in 2016”

16



WIZ+V PRL126, 252002 (2021) PRD105 (2022) 052003 ATL-CONF-2022-047

e Wy fiducial cross section _emeTy)  _ CMS___ erbigsTy
o based on fit to mly distribution: ooy 1 3 N
Boropaay] | Eel B onprompt moon. |
o 0=15.44 %£0.05 (Stat) ngggg‘rlm%ﬁhoton ] E‘ ; mNonprompt photon 3
mPileup
+0.84 (exp) £0.12 (theory) pb aflow B

e Theoretical cross sections at NLO:
o MadGraph5_aMC@NLO 0+1 jets:

W HE 15.44 +1.24 pb

aF o POWHEG “NLO competition” scheme: IR R, » ‘
2245 1321 pb ' 50 100 150| nﬁg:)(Ge\%%O . 50 100 150 n2]:1))0(Ge\%50

e Limits on dimension 6 EFT operators

T

T T
ATLAS Preliminary @ Data 7% Sherpa 2.2.4

8 > ¥5=13TeV, 139/ :

o Zy+jets differential cross section measurements # " Sz w3
General good agreement is observed between data and - o QEIRETEL oH
state-of-the art theoretical NNLO predictions e E
MATRIX/MINNLO PS and with MADGRAPH5 aMC@NLO "F .
and SHERPA multiage NLO generators. = =

LY e

2 : o » x} %\ lﬁ kﬁ '%gj, '.,Vi‘ T& ég i%;ﬂ et g
YR HAE D REIUE 7 TSUNG-DAO LEE INSTITUTE Y oo 750 =0 0 300 30 a0 450500

Institute of High Energy Physics

i)
Chinese Academy of Sciences pT’ [GeV] 17



BAc S

Polarized Vector Boson Scattering PLB 812 (2021) 136018

(1)

Boson scattering and Interaction i

(1) 137 o (13 TeV) . 137 fb” (13 TeV)
= T 3 T
1)7-”")” l s CMS @ Other bkg. ¢ Data e - CMS B Other bkg. ¢ Data
P ~ 40t —W W, NBkg.unc. | = 10°F —W, W, NBKg. unc. 3
2 W W W, W, — W, W. Ww: 2 F wow,w,w, — W W. Ww* E
(= (Rl il pd § | Dot - wz 3 (=4 N 1) | Bt § . wz 7]
v : bt 2z ] S0k =N 2z =
w 103 - w E E
[ Nonprompt F [ Nonprompt 7
I"‘”’““ IR\ “ £ AN " /5 B - e W tvx ]
1 02 \‘\\ \\.\\\\\\\\ NN 3

* Yang-Mills Non-Abelian interactions
* Electroweak symmetry breaking

* We did know something about the Higgs mass 4
* Either M,;< 800 GeV or perturbative unitarity violated around 3 TeV

“—.._ﬁ‘_x_» o f Cross sections grow with i <
.ff‘r'““»\,.‘_' _ energy without Higgs U N |ta r|ty, 19 77

* Led to the powerful idea of a “no-lose” theorem Ref

* “The LHC had to find a Higgs or something else at an accessible scale”

=4 -0.5 0 0.5 1

z 1
BDT score BDT score

Observed (expected) significance

LL and LT+LL: 0.88 (1.17); 2.3 (3.1)c

Process o B (fb) Theoretical prediction (fb)
WiWs 03270 0.44 £ 0.05
WiWT 3.067531 3.13 £ 035
WiWse 120202 1.63 + 0.18
WaWs 213t 1.94 £+ 0.21

18



2Z/WV Scattering arXiv:2004.10612 arXiv:2112.05259

observation of EW production of ZZj] Evidence of EW production of WVjj
Milestone-electroweak-symmetry-breaking 4.4 (5.1) o Observed(expected)

(ATLAS Physics Briefing) ¢ { q
;"L\,Wz : z

: G '-‘*:‘.;‘u:a'."' ) )
§ R e e e i ¢ @ #SHD % PR UL fi
S b hd = ] ' Institute of High Energy Physics
S 20 B ZZ(QCD) mmggZZ _ 1 w Chinese Academy of Sciences
8 g 7 @l Others 7 Uncertainty jfr’“’vw“ Z z
5 ATLAS g g i " cMs L=1381b" (13 TeV)
W q6f g -1 2 L B N P’ B FR =i B T L B
‘E‘ 13 TeV, 139 fb e y o Z 10°k —4— Data VV+VVWV
! £EEE)j @ R
Signal Region =) & = Bl oY I VBF-V, vy, VBS-Z(I)V(j)
22 #/ TSUNG-DAO LEE INSTITUTE > 10
12}y 5 Nonprompt [N Top
55 10° Wildets [ ] VBS-W(W)V(jj)
Syst.
10°
10*
10°
. 1,2 r - r - - - - - % 11‘_21
B125t] t " AR j - T S S
0\-— 1 ,»:':).,+.'.__./,41’75,‘v % o '_',?i"‘;.f"“ pHEeTn e s 2 e u§ 09 E- e o "
2% 2% g :
.g 0.072 : + . . l ‘ l ‘ ) ) I o 084 0.2 0.4 0.6 0.8 1
Q %4 —08.-06-04-02 0 02 04 06 08 1 DNN boosted 19
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WIZ+V Scatte ri n g CMS-PAS-SMP-21-011 PRD 104, 072001 (2021) EPJC 82 (2022) 2, 105

R FRIBHE

TREWEZI

o Differential Distributions, stringent limits on anomalous Quartic Gauge Couplings

Expected. limit

Observed. limit

ubound

S51< fye/A* <51
71< fan/At <74
-18 < fan/A* <18
25< fua/At <25
33 < fau/A* <33
34 < fus/At <36
-13 < f/\,ﬁ//\4 <13
-043 < fro/A* <051
-0.27 < fr1/A* <031
-0.72 < fra/A* <092
-0.29 < fr5/A* <031
-0.23 < frg/A* <025
-0.60 < fr7/A* < 0.68

—5.6 < fae/ A* <55
-78 < fan/A* < 8.1
-19 < fap/At <19
—27 < fua/ At <27
—3.7 < fpua/A* < 36
-39 < fus/A* <39
~U4< fyr/A* < 14
—047 < fro/A* <051
—031 < fr/A* <034
—0.85 < fra/A* < 1.0
—031 < fr5/A* <033
—0.25 < fre/A* <027
—0.67 < fr;/A* < 0.73

1.7
2:1
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arXiv:2204.13478

arXiv:2206.05192

observation of r-lepton pair production in ultraperipheral Iead Iead colllsmns and
constraints on the r anomalous magnetic moment

350F" !
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Track 2
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A
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Data, 4.8 £ 0.6(stat) + 0.5(sys)ub
L. Beresford and J. Liu,
Phys.Rev.D 102 (2020) 113008

3 M. Dyndal et al.,
== Phys.Lett.B 809 (2020) 135682
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Top+W JHEP 11 (2021) 111

e First observation on this process through semi-leptonic
decay channel.

e Offers full reconstruction of the top quark system,
allowing top property measurements.

e interferes with tt at NLO, Diagram Removal as default,
Diagram Subtraction for systematic.

cMs 36 fb” (13 TeV) cMs 36 fb” (13 TeV)
c AR A B ELE R P R L R (L o o P EE L I RS B B B
Q L ¢ Data P Q [ ¢ Data . 3
= 70000F- + O channel, 3] 3 ~ 40000F- gy e channel, 3 -
[2] - . 4 2] B . 3
£ 60000 Egﬂ"" 3 € 35000;—92’*‘3 e 3
2 50000 '—Eﬁf’ € b, 30000;—E)$o :
E Ez+ets 3 25000 - i z+jets E
40000. [Jsingie t E E [Jsingle t E
30000 - E3 Total unc. 3 20000 E [ Total unc 'é
[ e tW sig. * 10 ] 150005_—!W sig.* 10 3
20000 ik 3
W 10000¢ 5000F 3
3 /;2/ E :
: .0 2
: = 8 105 : 3
" 4 i o 4 g q o
f‘@l#%?ﬁﬁ)ﬁ%lfszduﬁ[ g 0’95%Ul.ulu,l.ULAL.L.,JJ..JL...l.,r % R R R R i
Institute of High Energy Physics a 0 2 4 6 8 10 12 14 16 18 O 0 2 4 6 8 10 12 14 16 18
Chinese Academy of Sciences BDT discriminant bin BDT discriminant bin
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Higgs@10
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Higgs@10

@ 2012 - 1 am born!

A years Scientific Symposium at
® 2013 - First Steps HIGGS boson CERN, July 4th, 2022
discovery

@ 2014 - Who am I?

@ 2015 - Why am | alone?
@ 2016 - Not afraid of dark!
@ 2017 - Trip to the tau-land
@ 2018 - From top to bottom
e 2019 - | am getting precise B
® 2020 - Meet 2nd generation [
e 2021 - How broad am 1?
e 2022 - | am charming!

From G. Landsberg
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Higgs@10 in a coconut shell

https://indico.cern.ch/event/1135177/contributions/476304 1/attac
hments/2474415/4246171/Higas%4010 Fabiola.pdf

TODAY (numbers below are per experiment):
O All main Higgs boson production modes (ggF, VBF, VH, ttH+tH) established at > 50
O Couplings to gauge bosons (established in Run 1) measured to 6-8%
Couplings to 3 generation fermions (established in Run 2) measured to 7-11%
Couplings to 2" generation fermions: 3o evidence for H> py; first constraints on H-> cc
O Rare decays (e.g. H> Zy; H> lly at ~ 30 level)
Limits on invisible and exotic decays
O HH production: sensitivity x 3 SM cross-section
O Mass measured to ~ 0.1%
O Width measurement from off-shell/on-shell production demonstrated (3.60 evidence for H off-shell production)
O JCP=0++ (large number of alternative hypotheses excluded > 99.9% C.L.)
Q
Q
Q
N

FiboA
G

Inclusive studies complemented by increasing variety of differential/exclusive measurements (useful to constrain theory;
provide additional constraints on couplings; sensitive to new physics in quantum loops affecting kinematic distributions)
Searches for additional Higgs bosons (no sign yet ...)

tEtC- etc. S : t el T Excellent summary from
ote: some o € above measurements were not expeciead 10 be possible In hun F . .
abiola in July 2022

~— e — .
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Higgs@10 ,, =7.....

titute of High Energy Physics

Nature 607, 52—59: 60-68 (2023 Ciinese dcatins of Siencs

AR

TSUNG-DAO LEE INSTITUTE

H»ggs boson production modes Higgs boson decay channels s> ™ L | T
h g |§ ATLAS Run 2
g > 4 P

N v |

; L i

————— - -———— ¥k isa fvee parameter //'/ w
SM prediction W

1“‘ o
<

T
= < <
T
|
I =
me
vev OF VK
A
o
Lum] IIIImTl llHIﬂTI l||l|'m|— ||n|rrl]—!_

10° s gt
b g : :
Force carriers Higgs boson
10 c ﬂ‘ zZ W
ul | PRSI E T | g el "
k : 14 n[ T T Ty T Ty :
S 12 J 3
w T 2
e 1
: . . L. : 08, . by R “-
-» Improvement in relative precision: 14% (Run 1) =2 6% (Run 2): 10~ 1 10 102

* Theory uncertainty: 7% (Run 1) = 4% (Run 2)

p=1.05+0.04 (th) + 0.03 (exp) + 0.03 (stat)

Particle mass [GeV]

CMS

| p=1.002 + 0.036 (th) + 0.033 (exp) =+ 0.029 (stat)

Fitting data from all production modes and decay
channels with a common signal strength parameter

th — exp — stat uncertainties
are of the same size

0 BR

H= (0 BR)gy|
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H |ggS@1 0 o 607, 52-59 (2022): 60-68 (2022)

CMS 138 b (13 TeV) b ATLAS Run 2
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H |ggS@1 0 o 607, 52-59 (2022): 60-68 (2022)

CMs 138 fb~! (13 TeV) Cms
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H |ggS@1 0 o 607, 52-59 (2022): 60-68 (2022)
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S rmimor, " swsiuaray Nature 607, 52-59; 60-68 (2022

O —— Observed limit ———
ATLAS Prellmmary Expected limit K,=x=1 —— Observed ~  ----- Median expected ATLAS'CON F'2022'050
Vs=13 TeV, 126—139 fig-! e (IJHH ~0 hypothesis) Ky =Ky =1 B 68% expected d CMS 139 fb ? (13 TeV)
SM _ e - 95% expected 13T T T
OggF + ver(HH)=32.7 fb [ Expected limit +10 B ] Eok =k=ky=1 —— Observed  ----- Med|an expected
[ Expected limit +20 bb 22 r == Theory prediction 8 68% CL expected
ob E Expected: 40 CMS-PAS-HIG-20-004 L == 95% CL expected
S. Xp. Observed: 32 -
| Multilepton =
= H : CMS-PAS-HIG-21-002
bbyy~ : 42 5.7 asiceri ;
— — Q
Q
bb bb, resolved T
o 47 3.9 g";;m;; Sub. o PRL {2202.09617) § Excluded 3 Q Excluded
- - E
o H DEZGYJ,‘,.” JHEP 03 (2021) 257 o
bbbb}- 54 8.1 Observed: 8.4 3
H -1 o
bb vt
Expected: 5.2 CMS-PAS-HIG-20-010
Combined|- 2.4 29 Observed: 3.3
) | NS T YN TN TN N SN TN S SN NN S MY Y TN Y N N Y |
0 5 10 15 20 25 30 | oo Fpp—
95% CL upper limit on HH signal strength pyy ~ Observed:9.9 T

10 00

Limits on the H|ggs boson 95% CL limit on o(pp — HH) / o
self-interaction: sensitivity Merged 4b channel in CM$ q

better than 2.4xSM! On the so far presents best expected

way to challenge SM sensitivity to SM ggF HH

L production, competitive
prediction! | 0.4 < Ky < 6.3 sensitivity to Higgs self-coupling




STXS, Differential

10

10"

2

Ratio to prediction

CMS Preliminary

138fb ' (13 TeV)

H — vy

vﬁ

MADGRAPH5_ aMC@NLO, NNLOPS ggH + HX
MADGRAPH5 aMC@NLO ggH + HX

POWHEG ggH + HX

HX = MADGRAPH5 aMC@NLO VBF+VH+ttH

arXiv:2201.08269
arXiv:2202.00487

e

fmﬁ%&%%%Wawﬁ

Institute of High Energy Physics
Chinese Academy of Sciences

1.0 §F

Data, statsyst unc. N gg—-H
syst unc. .
e ks aFXIV.2207 .08615 :‘:Ip;'zzoo =
arXiv:2207.00338 . . .
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Higgs CP

Review of Particle Physics,
Particle Data Group (2022)

Citation: RLL. Workman et al. (Particle Data Group), to be published (2022)

¥ O HE D b iR f
Institute of High Energy Physics
Chinese Academy of Sciences

ATLAS-CONF-2022-032 JHEP06(2022)012 arXiv:2208.02686 arXiv:2205.05120

J=0

Mass m = 125.25 + 0.17 GeV (S = 1.5)
Full width I = 3.2':%; MeV  (assumes equal
on-shell and off-shell effective couplings)

HO Signal Strengths in Different Channels
Combined Final States = 1.13 + 0.06
ww* =119 £ 0.12
ZZ* =1.01+007
v =110 £ 0.07
ct¢ Final State = 37 + 20
bb =098 + 0.12
T =119 +0.34
B s LR
Zy < 3.6, CL=95%
7"~ Final State = 1.5 £ 0.5
tEHO Production = 1.10 £ 0.18
tHO production = 6 = 4

HO Production Cross Section in pp Collisions at /s = 13 TeV =

138 b (13 TeV)

56 + 4 ob

CMS Preliminary

15 [T H—Multilepton
F [CIH-yvzz
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iCP violation in
-ttH and tH
°fin multilepton channels

0.

o

—045_—
[ &268% C.L.
e 95% C.L.
'+ BestFit

+ SM expected

15

P U I
=1 -0.5 0 0.5

PARITY
IN DI-TAU DECAYS

Tau leptons and bosons

may interact differently

with HO(125).

* SM predicts same parity for
both.

Probed via angular
correlations in
HO(125)—Tt decays.

prediction.

A decade turning the possible into the known
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CP, EFT Delmastro 2208.02338 2207.00348
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H Ig gs to C h arm arXiv:2207.08615 arXiv:2201.11428 (EPJC) arXiv:2205.05550 (PRL)

e Indirect and Direct Measurements
e CMS exploits both merged and resolved Hcc.
o exploit advanced GNN-based charm & di-charm

jet taggers 2R FE Bl P 4%

o huge performance gains in charm tagging
with the new ML techniques
e HL-LHC expected sensitivity reach ~O(0.1-1)
level with the use of novel tagger and strategy

Combining H — vyand H — ZZ* — 4¢ pr
measurement and H — bb and H — cc (see

o \ 2.5.2 at 95% 5] ATLAS

“1Y/A
i e e vV /O U

(assu'm\i»rimg kv = k¢ = 1 and no non-SM decays)

SRS Observed Observed <
g 68% confidence interval 95% confidence interval /%

Bgsm =0 [-1.61,1.70] [-2.47,2.53]

No assumption on Bpsm [-2.63,3.01] [—4.46,4.81]

S/(S+B) weighted events

KVH(H > cc) < 14 (7.6) observed

K2
(expected) MVH(H=ee) = TR H — oc) (2 —1)
setting stronger limit w.r.t.
ATLAS full Run 2 result pyueH »

cc) <26 (31) obs. (exp.) CMS

138 fb™' (13 TeV)
el bea e

—
100 0’_ CMS —4— Observed [ VH(H—cB), n=7.7

N [ z+jets [ Wejets

C Merged-jet Ot [ single top
800 All categories [ vV(other) [ vzz—co)
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H ig gS Wi dth arXiv:2202.06923 ~accepted by Nature Physics

2.4
H—ZzZ—4l,212v [T} = 32775 MeV 3 4 b
The first evidence for off-shell H boson production fg%},
Measurment on Higgs width with precision ~50% EE contingun
_% 23 —
* 2010: Theorists: “It can’t be done at the LHC” Sally Dawson S 1
* 2012-2013: Theorists: "Maybe it can be done at the LHC” through y T =
off-shell interference effects o 2 I—‘llr e B Higys won o2 o8
2 2 CMS Simulati 13 TeV CMS : _ <140fb (13 Tev)
on -shell Iggn IHzz 10F et - - i2v+4l off-shell + 4l on-shell |
o ~ = EW ZZ(—>4I)+qq product|on (I=e, p) 3 Tar EEecni-cv s bilipe e
gg_>H_>ZZ* m 12 o 2 - off-she on-shel
- SM H signal (HP) = 12|~ —— 4l off-shell + 41 on-shell
— 107'¢ SM contin. (ICP) - i i
95t I —— SMiotal (H+CP) o T e )
off -shell ggH JHZZ O 102 otal ( ) = i Expected
o N = g - HP+CP = 2 4
gg—H* —Z7Z (2mz) =10°F . i =
S 04l ] e
. -
This method assumes that 10°¢ S AR —
. - | g
the couplings at the pole 109k = b
r 3] i 68% CL
and off-shell are the same. 107k G i % g N
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Dark, Invisible, Light HIggs  .c.crermes

Institute of High Energy Physics

= Panda-X 4T

= Cresst-ll

Dark Photon R 19.7 fb" (8 TeV) + 140 fb™ (13 TeV) Clinese Academy of Sciences gty
EPJC 82 (2022) 2, 105 T Flems = eomciimie ! PRD105 (2022) 092007 (CMS)
§Y 0 :‘“*i“"):“::IE e Higgs Invisible Decay
ey iggs portal models _]
Wi ] 0.18 (0.10) at the 95% C.L.
J T ¥ivmes ol ’ e Spin-independent DM-nucleon
; irect DM Detection . . .
of ey 3 scattering cross section in
10"3;

= DarkSide-50

=l Higgs-portal models

35.9 b (13 TeV)
i

Yd

Obserygd
[t Expem

A§ 5 Expects
=5 Oy X B
mpy (GeV) ;
Higgs Related Dark Sector R ] €
EPJC 82 (2022) 290 EI0vE mone a3 §
5 = Alllimits at 90% CL / 5=13TeV, 139" 3
‘ g 10'3355 \ s _— Higgs Portal WIMP: Omerexpéllmems E‘_‘
<] 10_39; & %V;{‘lort*‘ mime Cresstll E
Zp : E " (it 3 e e D FE L R
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104 E ( 3 m,, (GeV)
f : =PTB 14137066
arX|v 2202 0795:3 Low mass Higgs—>di-photon
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Heavy nggs ATLAS-CONF-2022-033 ATLAS-CONF-2022-043

Model-independent search for a Generic Vhh final states:
Heavy Higgs boson (H) having both dim-4 HHH and HHVV couplings
and dim-6 interactions with SM particles Heavy Higgs—hh

g
HIHI h

Inspired by Chinese Pheno studies
Prof. Yuping Kuang and Prof. Qinghong Cao

-Iz

h

Same-sign 2 lepton (SS2L)

S " 4 f B . A
WH(WW) > > S, |
) \ 7N, v

v J
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FC N C arXiv:2205.02537 ATLAS-CONF-2022-014 ATLAS-CONF-2021-049

e A factor of ~5 (2.5) improvement for expected (observed) upper limit
The statistical uncertainty is the dominant contribution ¢

u,c u,c
o t—qgZt— qy,t— qgalso updated by ATLAS ¢ \/ ’
t u,c
Flavor-changing neutral currents (FCNC) decays
* are forbidden at tree level % 4 H
e occur at one-loop level but are strongly suppressed by the GIM mechanism
* significantly enhanced in BSM extensions (maximum up to ~10-3) 1 ox10° 8
 Any observation of top FCNC = BSM physics T L ATLAS Prelminay Expected limit
T 4E Vs=13TeV, 139 fb" s Obsbiii Kl
Process SM 2HDM(FV) 2HDM(FC) MSSM RPV RS E:; E B Expected limit + 1o
t—Zu Tx1077 = = <1077 <107 o8 . Expected limit + 2o
t—Zcj1x10 | <106 <10 <107 <10°% <10°° ~ 95% CL limits
t—gu|4x1071 - - <1077 <10°° - A=1TeV
t—gclb5x1072 | <10 <10°* <107 <10°° <10%
t—yu| 4x10-16 — — <1078 <10°° -~
t—=yc|5x1074 | <1077 <107 <107 <107" <107
t—hul2x10717 § 6x10°6 - <10~ <1079 —
t—he|3x107% |{2x 103 <105 <10°° <10° <10°*
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arXiv:2205.06709 JHEP 07, 208 2021 JHEP 06, 082 (2022)

X—ll, I

Flagship analysis on new physics searches at the LHC
Stringent limit set on SM-like Z’ above 5 TeV

137 fb' (13 TeV, ee) + 140 fb (13 TeV Hp
B EEREREREREEER: R
= Obs. 95% CL limit

—

—1

105 N % e Exp. 95% CL limit, median
B Exp. (68%)

102 ... [ Exp. (95%)

109

LRRLLLL B

16+

(lo:B] Z/ [0B] Z) x 1928 [pb]

ARRRTTTY BN RTRTT B ERETTT I |||||1|| 1

L L

107 e
M T I NI K
1000 2000 3000 4000 5000

m [GeV]

de f, (ju

»
)\311 I/ z3k
qd Qu

o .,
Channel SSM ¥ — e
Obs. [TeV] Exp. [TeV] Obs. [TeV] Exp. [TeV] q e
ce 4.72 4.72 4.11 413
! 4.89 4.90 4.29 4.30 7'/G
ce + up 5.15 5.14 4.56 4.55
138/fb | SUSYRPV i), QBH 7
(A=2'=0.1) | (ADD,n=4) (Br = 10%) q o
eu 4.2 TeV 5.6 TeV 5.0 TeV
et 3.7 TeV 5.2 TeV 4.3 TeV CMS 1 33 fb ( 1 3 TeV)
¢ 45p T J
HT 3.6 TeV 5.0 TeV 4.1 TeV S A i 95% CL excluded reglon _E
*"F CLFV  Obs Exp =1o| ]
§.3'55_ vector ——  seeeees E
v ? 3 Scalar —— e =
% = - Tensor — SRAeES _:
Top quark =25 ]
ok =
related I ]
SABAENIAN CLFV also B E
explored 050 E
0550501 015 02025 03 035 04 045
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D I - b os O n Res O n a n Ces PRD 105 (2022) 032008 ATLAS-CONF-2021-041 2207.00230 2207.03925

New Particle decays into Diboson favored in various models:
Extra Dimension, Heavy Vector Triplet, 2HDM, Georgi Machacek ...
Rich developments and applications of advanced technique
on (boosted) jet in last years:

PileUp Per Particle Identification (PUPPI); W/H tagging; Nsubijettiness;
Softdrop; Grooming; Deep learning tagger (DeepAK, ParticleNet)

TSUNG-DAO LEE INSTITUTE

WP
~\»f§ '
YRAS D RGN UE fi
Institute of High Energy Physics
Chinese Academy of Sciences

- ATLAS Preliminary — Observed
10°E 5=13TeV, 130" - Expected
E Spin-1qg — X" — W'y [l Expected + 1o
10 ; Expected + 20

T IIIIII|| T IIIIIII T TS

95% CL limit on o(pp— X)x B(X— Wy) [fb]

) S T A T A Tt [ PR e e i i L P iy e e
101000 2000 3000 4000 5000 6000 _ 7000
my [GeV]




Tri-boson Resonances

. . R ~ R4+ [ 7+ Rlag
First tri-heavy W boson  -.__ o
resonance search g
Novel tagging and A

gging Jet g

calibration method for We do NOT have

3/4 prone quark Fat jets standard candle in SM
to calibrate all these
A ()

PRL129 (2022) 021802 PRD 106 (2022) 012002

0

B

CMS Physics Briefing

NE & TW O |
L0O0OM

https://cms.cern/news/wwwtribosoncms-0

T H RBNS,
| N THE SeRRING

4

3.5

mg (TeV)

CMS

138 b (13 TeV)

3k

PP — W, — WR — WWW
3255 Expected 16 emmen
— Observed limit (combined)

22 Expected + 16,y (1-€D)
— Observed limit (1-lep)

lllllll

(combined)

35

5

M vl

95% CL upper limit on cross se;:tlon (pb)

W BOSONS
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SUSY

EPJC 81 (2021) 600 ATLAS-CONF-2022-042

f@ﬁ%%%%%ﬂm%ﬁ

smfEAEEdR SERAFELE BEENE
squark, gluino fi-F | gaugino, slepton fIF
3. TauXASstauF#% 8. EWK

1. 1B FERE~q/~g
FH

Eur. Phys. J. C 81 (2021) 600

*ANA-SUSY-2019-17

Combination

Institute of High Energy Physics
Chinese Academy of Sciences

2. S22 FM3IZF
KE~ql~gF K

*ANA-SUSY-2020-27

_ —— *ANA-SUSY-2020-05 BAOHA...
4. Tauk7=gauginoF#% SPIN12Z |, u  m Spin 0
ATL-CONF-2022-045 ]
quarks squarks
5. 1% F*kAgauginoF# |9- GCrand T =
*ANA-SUSY-2019-19 PMSSM teptons { A -
- e Scan Vi V. V.
6. AS2BFHMIBFRS | sANASUSY202014
= L3 Spin 1 Spin 1/2
gauginoF#% ) 2
*ANA-SUSY-2019-22 pEyFARTER e ﬁ P
: . wene { " 0 B
7. 0B FRASEHgauginoF# Spin 0 {2 o
ANnSusY-a00) ST R—
—)
7 q 170 "g t
v v
7:< X3 < 1 !
X 1_'u_<4£;"i [/,; 7/
742 ¢ q 14 h¥ 5
RSmEFH=ETF Via slepton decay

Eur. Phys. J. C 81 (2021) 6Ly



H eavy NeutrinO .xu2soses6 - accepted by PRL

dT <1V > hep-ph > arXiv:0901.3589

First Search through VBS channel e

. L.l I]‘] .lts ex c l Ll d e [Submitted on 23 Jan 2008 (v1). last revised 7 iday 2009 jivis versen, v2jf

1 7N q; The Search for Heavy Majorana Neutrinos
W= ”+ = HMN Up to ’"‘\' = 23 Tev Anupama Atre, Tao Han, Silvia Pascoli, Bin Zhang
1 F: ® Effective Majorana mass up to mge = 10.84 GeV
—h ! — First constraints for this process!
N e
— s i . CMS _ Preliminary 138 fb" (13 TeV)
W W z " m— A :
) , > g
42 q292 qa o 4
0.1 4
® Address neutrino mass ]
v/ Heavy Majorana neutrino HMN (see-saw) — neutrinoless |
: LN 0.01 4
VBF t-channel (high mass sensitivity, new!) :
v/ Effective field theory (EFT): dim-5 Weinberg operator 7
(WO) — m, with no new fields ~23TeV! 10- 3
— Analogous to neutrinoless double B decay, but with y e
(instead of e) ‘,'l 95% CL upper limit
= 102" EI { —— Observed T
‘ _ __Ovuyg experiment§! o Eiocad, B
® Final state: two same sign pp and VBF jets I W 68% Expected ]
; A g : ; 95% Expected
® Dedicated studies to identify high-pr y T A R T A e T

100 10° 107
Heavy Neutrino Mass my (GeV) 43



Dark matter aasconeo21-036

ATL-PHYS-PUB-2022-036

q V
< A MET+H(bb), and MET+Z(ll)
) : N A d M T searches. Reinterpreted in a
Jq IX
A =%/ TSUNG-DAO LEE INSTITUTE common benchmark model: a
q T Two-Higgs-Doublet Model with a
— 10 e = b pseudoscalar mediator.
. | el
fo! 10 resonanced = tf resonance b/t/(x)
O _40 nilss = 26.1 b EPJC 78 {2018) 556 \ t “‘/( X
=2 10 Er+X T— bB_ resonance ; o o <
S 4o —EX b/#/ () : i
B ds Bb reson S N T e e
10 DarkSide-50 Dijet i , )
104 ~ XENON1T 4 b/t 9
104 = PandaX Dark matter simplified models with

i
107

Vector mediator, Dirac DM

T

PRL 127 (2021) 261802

=paksideso  S-channel Spin-1 and Spin-0 mediators,
—xenonttmico @ Two-Higgs-Doublet model with a

" pseudoscalar mediator (2HDM+a) and

Dark Higgs model

—47 = & =
10 gq'°'25’9|'°’97,'1
48 ATLAS limits at 95% CL, direct detection limits at 90% CL
10 1 1 2 1 3
1 10 10 10

m, [GeV] 44



LFUYV related Leptoquark, VLL, VLg

More details@LF(U)V Workshop: July 04-06, 2022 Zurich and 110th Plenary ECFA

T T T T T T T T T T T

Belle
1.0 < ¢g> < 6.0 GeV
[JHEPO3(2021)105]

LHCb 9 b

: BaBar i
= : 0.1 < ¢><8.12GeV/c*
H [PRD86032012]

2y
C

o=y 1.1 < ¢>< 6.0 GeV/c*
: [LHCb-PAPER-2021-004]
" 1 L L L 1 | L 1 1 L 1
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RK

— ] % T v T & T & | 7
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- e ( - >
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E S ——
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04 &E|
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02 |- HurLAvsM R(D) = 0.339%0.026£0.014 ]
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P =
L | el |
0.2 0.4 0.5
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.
’ ) B(B = K™ putyu~)

B(B - K®ete)

¢ R =
/Z a
At high energy probe: Z’, leptoquark,
or more complete New Physics models

]
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LFUYV related Leptoquark, VLL, VLg

Search for singly and pair-produced leptoquarks single production of a vector-like T
coupling to 3rd generation fermions quark decaying to a top and a Z boson

1 |

T

TRHAERD KGR p
Institute of High Energy Physics
Chinese Academy of Sciences

JHEP 05 (2022) 093

g JLQ
d
o
7/
\
g S
N —_—
g “LQ

PLB 819 (2021) 136446 b

g
q

. %) L B L N PR S P T B
i =2 E  ATLAS Preliminary — 1Q, (Obs.) E
r i -= 1LQg (Exp.) g
A report from the CMS experiment p 2 O meTeuse 7 O
3 [ 9o%CL. - 1LQ+LQQ, (Exp) ]
> 3 =
[e] F 3
o - 4
© 25 =
| CERN News .= :
CMS sets new bounds on the mass of o E
leptoquarks i 3
The bounds are some of the tightest yet on the existence of third-genera tion = 3
leptoquarks - ]
0.5 =

N T IS, IR IO SR RO, SR

600 800 1000 1200 1400 1600 1800

ATLAS-CONF-2022-037 myq [GeV]
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CMS Plenary at ICHEP2022

CMS Pralimina
i | T
L 96% CL lower imits, best-fit LHeRM

L 00 bancma y-prefeed

§ 10° | = Cbsarved

107 top oo Madien eepecked
5 My=1.0 TeV I o arpeced
o - Mgy 5.0 TeV-- [ I 55% aspecied
z
o

ALl q ~ 7

Final states with #+v, ++b and zr are investigated

Good probe of models related to b-anomalies (e.g. leptoquark)
Sensitivity approaching the “preferred” region from b-anomalies
B et T e o ettt in some LQ models

2000 4000 6000 8000 10000 e  Some sizeable excess in non-resonant zr final state (seen by two

4107 107 2x10" 3x10’
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different analyses)
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Searches with UV Complete Model containing LQ {SU(4)hXSU(3)IX [SU@)<U(1)' ] ]

CMS-PAS-B2G-21-004

@A structured explanation
of the anomalies (e.g.,
4321 model) imply a SUSY-
like scenario

@ production of heavy
colored particles

@ cascade decays to
lighter states

emulti-body final states
with quarks and leptons

® expected third-
generation dominance

L L

—-LQ[U,]+Z' +(
A 4

96.5fb' (13 TeV) - | SM |

I|||'|||II||||I|II|||II

[
CMS Combination of 2017 and 2018 -
ooz ---- Asymptotic CL_expected

Prelimin

e o B+ 1 std. deviation _

+ 2 std. deviation .
— Theory prediction

e Observed

pper limit on oxB [pb]
o

F-) \\.

.
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)] : l\ -
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o

§ 1 0—3 v by by by s 1y T
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Hardware Upgrade

ATLAS Phase-2 Upgrade for HL-LHC ‘ Lengertermfuture

Upgraded Trigger and
Data Acquisition system
avel-0 Trigger at 1 MHz

n.ch/record /2714892 Barrel Calorimeters
2758072 https://eds.cern.ch/record/2283187

httos://eds.

cds.co
He [ * ECALcrystal granularity readout 3t 40 MHz
lection 750 k7 L1 autput | with precise timing for e/y at 30 Gev

* MU put 7.5 kHz / * ECAL and HCAL new Back-End boards
* 40 MHz data scouting

Impre
{15C

uon systems
bitpsi//eds.cern.ch/record /2283189
. * DT&RCSC FE/BE readout
Electronics Upgrades new F€/BE readaul

LAr Calorimeter

High Granularity Timing
Detector (HGTD)

Tracker https://eds.cern.ch/record/2272264

s - + Sk-Strip and Pheels I od ari i ect
Forward region (2.4 < [p| < 4.0) i p; m" lf:r::r granularity MIP Timing Detector =
. sign for ing in L1-Trigger hutps:/fedsicern.ch/record/2667167
aw Ava'anche Detoctors (LGAD) * Extended coverage ton = 3.8 Precision timing with:

frack resolution

+ Barrel layer: Crystals + SIPMs
* Endcap layer: Low Gain Avalanche Diodes [

New Muon Chambers New Inner Tracking Detector (ITk) Additional small upgrades
Inner bas regicn vath new All silicon, uptain| =4 Lumineeity datactors (1% precision goal)

HL-ZDC

B EEATLASHIAS 5 R M N EENEA B, RBEEES.

SRR LA, BRI L% AR ATLASHIIN, 75 S Bk A 18] 55 B 22
(HGTD) T E th s + Sihfr, HEI B 0% £ A SIS

il k. K. FRATLASHIAE B FENEF 5 LR EE (A, # %
BRET. AL, £ B MASENCUSTEINS SEHEREBHR, BIBAEHPOU o

SE.

BT CMSEIAERPCE I £ 1 722, JbK. dLfi. B4E. hIUCMSHEIAEGEMA R o

A ZET EEER. CMSHEFNEES 5SMTDH AT H . =% .



Summary

e LHC has great potential and future _
More Higgs to be produced and explored

Large Photon Collider & L. arge Boson Collider _

@)
@)
o Going Deeper
O

More mysteries to be explored mgrm ,e;.%;s g |
m LFUV, Wmass, Neutrino mass, dark matter, muon g-2... =
e Chinese Groups have made many contrlbutlons e

EdgeConv Block

‘ EdgeConv Block

in various aspects.
o From Higgs to X
e Run 3 is ongoing. Keep Tuned!

| Global Average Pooling \

o Join us!:) - e |

: | 256, RelLU, Dropout =0.1

antallzlng SR

i g “If at the end of Run-2 you will see no 3 sigma Faly Conmtieet |

/\IDU 7 () /(/ /\ T/ k // / C?OS[OH deviations, you will never discover anything new, until g sm: :

: / . | at least HL-LHC” (anonymous) | s ‘ :

2 L = T o =>multiple 2-3 sigma tensions, it will be fun understanding what (a) ParticleNet

(7 Cj O - f_/ DZ_Z /7/ (‘ they are (Bad background models? Statistical fluctuations? New | T

................. Nima Arkani-Hamed . ﬁ:l-il]]E physics?) Andrea Rizzi KREW&A 50




https://indico.fnal.qov/event/22303/contributions/246087/attachments/158149/207438/Cushman_Distillation.pdf

The Beginning of a new era

The underlying landscape is becoming visible
The peak is fundamentally connected to the unseen mountain range
The failure of minimal extensions to the Standard Model implies a much richer sector to explore.

wWith all the new experiments ready to push deeper into every

frontier, we all feel the excitement of being poised for an explosion
of new data and answers to the questions posed a decade ago.
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https://indico.fnal.qov/event/22303/contributions/246087/attachments/158149/207438/Cushman_Distillation.pdf

The Science Message

The 2014 P5 Physics Drivers The 2013 Snowmass Summary Questions

1. How do we understand the Higgs boson? What principle determines its
couplings to quarks and leptons? Why does it condense and acquire a vacuum

» Pursue the physics associated with neutrino mass. value throughout the Universe? Is there one Higgs particle or many? Is the Higgs
particle elementary or composite?

» Use the Higgs boson as a new tool for discovery.

» Identify the new physics of dark matter.
2. What principle determines the masses and mixings of quarks and leptons?
Why is the mixing pattern apparently different for quarks and leptons? Why is
there CP violation in quark mixing? Do leptons violate CP?

» Understand cosmic acceleration: dark energy and
inflation.

» Explore the unknown: new particles, interactions,
physical principles 3. Why are neutrinos so light compared to other matter particles? Are neutrinos

their own antiparticles? Are their small masses connected to the presence of a
very high mass scale? Are there new interactions that are invisible except

These are STILL the physics drivers because we through their role in neutrino physics?

have not answered ANY of the queStionS we 4. What mechanism produced the excess of matter over anti-matter that we see
posed in Snowmass 2013. in the Universe? Why are the interactions of particles and antiparticles not

; tl i ites?
All that money and you still don’t know the answers? | €Y MTor OPPOSIEEs
Potential pitfall if we concentrate only on BSM physics, 5. Dark matter is the dominant component of mass in the Universe. What is the

- : : dark matter mad
rather than on our achievements in measuring Standard | “" Crinciple o The landscape has changed,

Model parameters and expanding our dizzying array of | are the dark mat]

: but the fundamental physics drivers have not
new detectors, accelerators, and cosmic probes. or are they part ¢

Highlights and Messages from the Snowmag

July 26, 2022
S Summer Study. Prisca Cushman

Paradigms have shifted, requiring new search strategies




LHC

RAESETEEEINNIRE

st [ cvers Ry T 2 IRERC | ss IRCRCT
Injector upgrade 5107x
splice cryo Point 4 HL-LHC nominal

7 Tev 8 TeV button collimators

luminosity

P2-PT(N T rogions I
regions nstallation
G o

v beam pipes
> aii J
Exd
o BUle e el) LS3 (2024-2026):
O LHC Injectors Upgrade (LIU) O HL-LHC installation
Q Civil engineering for HL-LHC equipment P1,P5 QO Ph 2 de of ATLAS and CMS
Q First 11 T dipoles P7; cryogenics in P4 gabe Upgiass O ok
O Phase-1 upgrade of LHC experiments
i s ATLAS:
Atlas : 1TK: =SHERR/ AR/ B
NSW: &X/LX ZHRMZ/RPC: B/ K/LLK

https://indico.ihep.ac.cn/event/1090
6/session/13/contribution/377/mater
ial/slides/0.pdf

HGTD: FRB73K B

CMS:

HGCal : SEERR/ A/ BB/ FiE/BEh
GEMFALR: JbK/:FLE/PK/ILAn/mElh
iRPC/RPCZH Gibackend B F3: HHERT |46
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https://indico.cern.ch/event/1135177/contributions/4764266/attachments/2474228/4248469/Higgs10 CERN_Tanaka.pdf

Higgs Signal Strength

¢
“ s

e o .
LO k-framework ~ _  (0-BR)(gg—>H—17y) Ky K
& — g — ‘2
o+ BR {o(gg — H) - BR(H = 77) }qm K
= T & g
(0 - BR)gys 2 % Wi
gluon " T s PR photon
ji=WW?*, 2Z*, bb, 7- 7T,
Y, 2%, 99, tf, cc, s5, p~pu™
- Measure with coupling i Assumptions
scale factors «; ;. Datton, t\;)vpbquar ) 1. narrow width approx
. charm oson : :
- Thg couplmg of SM arm quarks sf6 o-BR (i — H — ff) = 2Ia
parilcles.tﬁ Hlﬁgslboson : + new particles 2. only 1 SM-like Higgs
i " s fe,?;ass. ' —— ' 3. SM tensor structure
gF = V25L, gv =25 Higgs boson (spin 0, CP-even)
- Holds up to electroweak 4. on-shell production and
effects of O(5-10%). decay (no-sense for offshell)
Rl
gluon photon 55



https://indico.cern.ch/event/1135177/contributions/4788686/attachments/2473932/4246031/Higas10 xsandcouplings AdeWit 04Jul.pdf

Cross section measurements

(Inclusive) signal strength Simplified template Differential, fiducial
or cross section cross sections measurements
4 = T T T T T T
137 fb' (13 TeV) § 042 ATLAS ) Syst uncentainiss -
! J ! ! ] g [Hez-u —— k’&f&‘{%: vl
CMS Combined {i =1.19 /04 Stage 1.2 _ = VBF+V(—qq)H ,é o4 - 13Tev. 139" — radSHk - ","‘x;qXH
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CP properties of Higgs-top coupling with ttH
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Events /0.2

Precise studies of rare SM processes:

Ve
polarization in WZ production
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Study W and Z polarisation in WZ events reconstructed in 3l+v decay mode q Z/ o
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e Direct measurement with 5D fit constraining jet
uncertainty from W peak

o my=171.77G 0.38 Ge
e Measurement from fi+jet cross section

o mb =17294+137GeV
e Measurement of mass distribution and m, in

hadronic decay to boosted jets
o m, =172.76 £ 0.81 GeV
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e One or both protons can survive intact after an LHC interaction 1 - Soveam

e Deviation from LHC orbit allows to measurement momentum loss e 0,55, CME-TOTEM 2077:20%8. Sostor 89 s

e Knowing proton momentum allows to close the event kinematics % . 2017 # 1

e Paper on calibration of the PPS (timing and alignment) recently published by 0.21- s
CMS and TOTEM collaborations 5 155_ ¥ 02018 j

e Physics calibration comparing di-lepton events independent reconstruction via
PPS and in the central CMS detector

Both protons
remaining
intact

only one proton
remaining intact
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Searches for long-lived particles

Large program to search for long-lived particles exploiting a Search for H or Z produced far from interaction point
comprehensive set signatures: exploiting shower pointing and time measurements

* displaced vertices in inner tracking detector

* lepton not consistent with originating from pp vertex ok Lok
« decay in the calorimeter or muon spectrometer x X Middie Layer
* dE/dx measurement for charged metastable particles + multi charge
»ATLA‘S‘LRW-IW Particle Searches"* - 95% CL Exclusion ATLAS #reiin) R'Parity Viglating SUSY Split'SUSY Hi n t r
Utems e e * Small decay couplings * Gluino forms R-hadron « Heavy scalar (Higgs or @) decay

to long lived scalars
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Eg Gauge-Mediated SUSY Breakin Heavy Neutral Leptons Compr SUSY
enam =uafe Small gravitational coupling * Small coupling to neutrino * Small mass splittings
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Can produce displaced / emerging jets, displaced ¢ / y / vertices, disappearing tracks 62
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