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| T S Ty, s, o [V measurements and

relevant BSM searches
= are of great interests for
' not only examining the
" Standard Model but also
bridging to-new. physics

e [hese topics are very
broad, while I will try to
cover the recent highlights
given the limited time

e EW W/Z, VBS,
multiple bosons

e 11, single top, mass

P« Higgs, rare decays Wy
::. q.f% & a ‘l/ %
> , * And the relevant BSM |
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Data taking

e All of the physics results would not be possible without the excellent colliders and the well-
operating detectors
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Overview of CMS cross section results

CMS preliminary
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Measured cross sections and exclusion limits at 95% C.L. Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty

Light colored bars: 7 TeV, Medium: 8 TeV, Dark: 13 TeV, Darkest: 13.6 TeV, Black bars: theory prediction

o [fb] September 2022

See here for all cross section summary plots
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Single top productions

* Three leading production modes: t-channel
(73%), tW (24%) and s-channel (3%) @ 13 TeV

e New t-channel results (1L) at 5 TeV & 13 TeV

- ATLAS Preliminary
t-channel single-top-quark production

.
-
N

 The challenging s-channel reached evidence
with 3.3 (3.9) s.d. using 1L final state

— NLO QCD atm, = 172.5 GeV
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Four-top production

e Rare production
~13 b (@ 13 TeV,
but direct probe to
top Yukawa and
EFT couplings

e Observation 1s

reached by both
ATLAS with 6.1
(4.3) s.d. and CMS
with 5.5 (4.9) s.d.,
using SS 2L and
multiple leptons
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Eur. Phys. J. C 83 (2023) 496, 2303.15061
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EW & BSM

ttw

consistent with what CMS observed

Peking University

Xiaohu SUN

e ATLAS recently released a ttW measurement, slightly higher than the SM prediction,

ATLAS+CMS Preliminary
LHCtopWG

Gy, =0.727g(scale) +0.01(PDF) pb
JHEP 11 (2021) 29
FXFx@2J+NLOE+NLO,

oy, = 0.86 " gg(scale) + 0.02(PDF) pb
EPJC 80 (2020) 428
NLO(QCD+EW)+NNLL

Omeas. = (stat.) & (SySt-)

0.89 + 0.05 + 0.07 pb

Gt‘“/d-tw"{
JHEP 10 (2018) 158

NLO QCD

x 20 = 0.038 " Joo(tot.) pb x 20

g X 5=0.15 £0.03(tot.) pb x 5
MadGraph5 aMC@NLO

NLO QCD

Ys = 13 TeV, June 2023

Gy, = 0.77 £ 0.14(tot) pb
MadGraph5 aMC@NLO
NLO QCD

stat.

—_—

ATLAS, L =140 fo"

ttwW ATLAS-CONF-2023-019"
0.87 +0.04 + 0.05 pb ; CMS, L_=138.0 fb
: arXiv:2208.06485
0.99 +0.05 + 0.08 pb R T — ATLAS, L, =139 fb”
ttZ : EPJC 81(2021) 737
0.95 + 0.05 + 0.06 pb CMS, L_=7751b
: JHEP 03 (2020) 056
- 94 1 g
t 0.0396 +0.0008 *3:9% pb x 20 - ATLAS, L =139 fb™, Vis 1
tt’Y+tW'Y el ~0.0022 P I—;'l-I-I—I IHEP 08 (2(')”50) S48 o
i 0.175 + 0.003 + 0.006 pb x 5 : CMS, L =138fb", Vis 2
'[T’Y dilepton ° - B JHEP 05'?5022) 091
v 14 0.798 + 0.007 + 0.048 pb bt CMS, L =137 fb™, Vis 3
tt’Y +jets - JHEP 12?5021) 180 “preliminary
S L l I L l L L I | | l | | | l | | | I |
0.2 0.4 0.6 0.8 1.2 1.4

3



EW & BSM Peking University Xiaohu SUN

W/Z p+ spectra ’

e Transverse momentum of W/Z bosons are measured using reduced instantaneous luminosity

(low-u) for both 5.02 and 13 TeV <u> ~ 2 with respect to ~ 30 in full Run2
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Z. pr double differential XS 0

e New measurements on Z p in different rapidity regions are performed, with extended far
forward region, by ATLAS
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VBS ssWW

e Vector boson scattering same-signed WW

production provides largest ratio of pure
EWK to mixed QCD-EWK production

e Highly sensitive to gauge-boson seli-
couplings, EFTs and BSM (doubly-

charged Higgs etc.)
.,E ettt L L
= 10% — ATLAS Preliminary Obs. 95% CL upper limit
§ - Vs =13 TeV, 139 fo — — Exp. 95% CL upper limit -
T E Expected limit (+10) E
N Expected limit (+2c) .
o
;1R 3.2 (2.5) s.d. local =
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10 = —
: = =
500 1000 1500 2000~ 2500 3000
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Theory/Data

Peking University

O © O
@y ~ @)
NI I L L L B B IR

O
N

O
—

—
- O1 DO

O
o

Xiaohu SUN

12

\RIIII

ATLAS Preliminary e Data
~ 1 MG+Herwic-EW, Int,QCD
s=13TeV,1391b A MG+PyTHIA-EW, Int,QCD

v PowHEG+PYTHIA-EW + SHERPA-QCD
* SHERPA-EW + SHERPA-QCD

¢ SHERPA-EW ,NLO EW + SHeErPA-QCD

7, Total Unc.

/,SYys. Unc.

b
A\

. S

+

Provided differential XS-

3

‘:§
|
A

500
ATLAS-CONF-2023-023

1000 1500 2000 2500 3000

3500
m; [GeV]



EW & BSM Peking University Xiaohu SUN

VBS ssWW for Majorana neutrinos -

EXOT-2020-06

- ATLAS t-channel
] e this work
. £=140fb™!

. ATLAS s-channel
1 —— JHEP 10 (2019) 265
: £=359fb™"

ATLAS s-channel
JHEP 07 (2015) 162
VS =8TeV
£=20.3fb71

3 ATLAS displaced
1 — arXiv:2204.11988
£=139fb™!

s CMS t-channel
1 ==~ arXiv:2206.08956
£=139fb!

- CMS s-channel
1 —-- JHEP 01 (2019) 122
£=35.9fb!

— Observed - - ] ; CMS displaced
— — Expected : - o 2 EREEE JHEP 07 (2021) 081

- ExpeCtedilo: _7 | | lllllll | | lllllll | | lllllll | | lllllll £=139fb_1
xpected £20 10

30z i = T 10 10 10 10 10
my [GeV] my [GeV]

e Study the Majorana nature of
neutrinos at colliders

o

—
o

I
—

e Set upper limits of the squared
muon-neutrino-heavy-neutrino

.o : 2
mass-mixing matrix element |V |

=
o

| ATLAS
Vs = 13 TeV, 140 fb~?
PP = UEUE)

Observed 95% CL Limits on |Vy|?
=

95% CL Limit on |V y|?

0.1_'

Assume no e, 7 mixing with N
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VBS Wy 3

e First observation at 13 TeV arX1v:2212.12592 accepted by PRD
CMS

1
e Provide fiducial and differential XS 138 fb” (13 TeV)

S‘ | l
8 0.8 — —— Obs. result (stat® syst.)
[ ] [ ] [ ] \ - - .
o Stringent limits on aQGCs: f;,,_4 and f7_- 8 | Obs. result (syst) :
- - “Fo06 |- - .
_cms 138H7(13T)  _ CMS 138 3Tey) | S | —— EW(LO) Wy MG5 :
21000 —e— Data B EW Wy in fiducial _ 5 350 —e— Data B EW Wy in fiducial | — B e }
= T B EW Wy out fiducial [l Top, WV, Zy > B EW Wy outfiducial [l Top, W, 2y ]
c |~ Barrel photons QCD W . 2 300F—Endcap photons . b 0 . 4 . )
& - Y ~_ MisID photon S QCD Wy . MisID photon . B .
o %°r B Double MisID MisID lepton | D oeg B Double MisID MisiD lepton ] < I T— _
I T stat o syst : T ot @ syst : i
600 [—m,, [30, 80) GeV  m, <[80,130) GeV { m, €130, =) GeV — 200 —m, < [30, 80) Gev { m, < [80, 130) GeV L m, €[130, =) GeV _: 0 2 — -
- 150 - ' -
400 o .
i 100 0 — + —
200 , - _
50 | - | | |
0 0 | | ! ! l . 2
g 15 G 15 5 g’ 1.6 *
x 13 ¢ x 1.3 ~ 12 - . R v _ . . - . _ .
% 83 % 8? (C 0'4 L ‘
0O 05 0 05 Q — 0

[30,55] | [55,80] 1[80,11011 [110,09]
p_ [GeV]
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ATL-COM-PHYS-2023-282
VBS Zy e I

. = =
%J E ATLAS —4- Data, stat unc. E
| : O - Vg = -1 0 Total uncertai _
e (Observation with >5 s.d. < ~ Vs =13 TeV, 140 fb™ [ Total uncertainty -
. . . . "g B Extended SR — EW-Zyjj MG + QCD-Zyjj SHERPA
* Provide fiducial and differential XS g"a- o B
",r' ' rrr I L L L L EW_I_QCD E
%J 0.005 B ATLAS . Total unc ] -
(3 N g - 1|3RTe\'/, 140 fo” ¢ Data, stat. unc. - }
- Sign ion , -
gg 0.004 - Ina g 7, EW-Zyjj MG ] B
8lE -
- 10—2 = =
0.003 EW Only _: = -
0.002 _: B i
0.001 _
_ -
_ g -
- Ol+=
:‘gﬂ 1% g 8 2F
?D 8§ O 0 100 200 300 400 500 600 700 800

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
z
m. [GeV] p- [GeV]
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Triboson

e WZy observation with 3L+y

120
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Events / 20 GeV

Dat

-

_I L
| ATLAS Preliminary
- (s =13TeV, 140 fb

60

I LI

I — il

~ W(= M)Z(= 1)y
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" Post-Fit

] | P

I l T 1T 1

¢ Data
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B ZZ(e—y)

Zyy
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Uncertainty
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e Wyy observation with 1L+yy

Events
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10
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NI P
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138 o' (13 Tev) | 17

Triboson

C ’
% 150 % Stat @ Syst . Vy [72.046.4] - WWy [121.5+22.9]
g —e— Data [414+27] VV [15.1t1.4] Nonprompt / [45.71+4.0]
. . L ,
° WW]/ observation with 5.6 (4 T ) s.d. 7/ Pred. [420+20] - Top [56.6+6.5] Nonprompt y [109.1:9.0]

e Also provide Higgs couplings to light
quarks (uds) with further optimization
based on Higgs

20<m,, <150 150<m,, <250 m,, >250

100 —

® ARll < 23 %
. A Rly > (0.8 Some of constraints are
most stringent to date
\(_’ , . Process 0. Pbexp.(obs.) Yukawa couplings limits exp.(obs.)
"""""""""""" W uu > H+v9 — euy 0.067 (0.085) K, | <13000 (16000)
, dd - H+v9 — euy 0.058 (0.072) k4| <14000 (17000)

ss >H+7 —>euy  0.049(0.068)  |x,| <1300 (1700)
// % cc > H+7y —=euy 0.067 (0.087) k.| <110(200)  cMS-PAS-SMP-22-006
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138

W mass

e W mass gives a very sensitive probe to new physics with model independence

e ATLAS W mass result came out with 7 TeV mw = 80360 + 5(stat.) + 15(syst.) = 80360 + 16MeV

______________________ Overview of m,, Measurements ; LA L L B

LEP Combination ATLAS Prellmlnar — [ - ()] — ATLAS —— m,, =80.360 + 0.016 GeV -

PR. 532, p119-244, (2013) y ] (5 805 - Prel|m|nary B m =172.84 + 0.70 GeV —

\s=7TeV, 461" ' ' — - ---- m, = 125.09 + 0.24 GeV |

DO (Run 2) | _ @ mm: E; B mss 68/95% CL of m,, and m, -

PRL 108, p151804 (2012) : | 80 45 [ ]

DF (Run 2 | - . _

g;ience(37lél,relssss)a, 0170 (2022 : | 101 T e _

80.4— ’ —

Lll_HI_égg ,20262 (%022) —— e = R . =~ 1 0

80.35 _

ATLAS 2017 : . : — —

EPJ-C 788-2, ;9110(2018) ® Measurement E e @ mm | _

Stat. Unc. i | 30 31 wes 68/95% CL of Electroweak ~ ~

] 5 .- Fit w/o m,, and _

ATLAS 2023 M Total Unc. g o B aCk tO SM - (Eur. Phys. J. ¥ 74 (2014) 3046) _

Hhis work " 1SM Prediction ——— - —

______________________ | E | | 8025 B RN R SN A TR TR R TR N N ' N SR TR SN TR NN SR N SR N NN |
80200 80300 80400 165 170 175 180 185

m,, [MeV] m, [GeV]
ATLAS-CONF-2023-004
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49 :

e Most precise measurement of
a¢ to date, by ATLAS, using
large-stat Zjets events with ISR

Qo
o

T
o
o

do/dp_ [pb/GeV]

N
o

20

Peking University

19

7./~ | | | |
| -@- Hadron Colliders
ATLAS —@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
et 1 -@- World Average PDG 2022
-®- ATLAS Z P. 8 TeV
ATLAS ATEEC o 0.1185 + 0.0021
CMS jets — o — 0.1170 + 0.0019
W, Z inclusive —— 0.1188 + 0.0016
tt inclusive 0.1177 + 0.0034
T decays —@— 0.1178 £ 0.0019
QQ bound states 0.1181 + 0.0037
PDF fits @ 0.1162 £ 0.0020
e*e jets and shapes ® 0.1171 + 0.0031
Electroweak fit 0.1208 + 0.0028

ATLAS-CONF-2023-015
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Higgs prod/decay

Higgs boson production modes Higgs boson decay channels
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Higgs prod/decay ’!

liggs boson productic odes Higgs boson decay channels
a b C g h
d ug
— —y vy Zy
ttH | .
ZH cc
T
n pair WWwW
. gg
Q T H q BT H C Q G Q l
t b {,D -
L \ H \ H | 2
t t.b t,b \/
\ - \ H \ H
t,b t,b
g H g H | g G |
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STXS

e The Simplified Template Cross Section
(STXS) provides a pragmatic interface from
the experimental accessibility to the
theoretical handlers on SM and BSM

phenomena, by using coarse kinematic bins

e Balancing the experimental sensitivity (XS
measurements with maximum sensitivities
with deeply optimized cuts) and the model
independence (differential XS
measurements with fine kinematic bins
using simple cuts)

e The experiments are reaching the precision
for measuring STXS 1n Stage 1.2

22

Stage 1.2

Pr
200

= 0-jet

300

450

650

Stage 1.2

= VBF+V(—qq)H

= 0-jet = 1-jet > 2-jet

I
m,; [0, 350 m,; [350, o0)

[ |
0 .
: pZ [0, 200] pZ [200, oo]

120

350



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS#Recommended_binning_Stage_1_2
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STXS 1n the “golden” channels >

e H/74l and Hyy, sm
vy, small BR, but high S/B, full H ATLAS (s=13 TeV, 139 fb"
H oo
m,,; reconstruction with high re v m,=125.09 GeV |y, <25
H solution 00348 H
. . . y [-#- Obs + Tot. Unc. Syst. unc. | SM + Theo. unc.  p-value = 93%
, Tot. Stat. Syst.
providing slightly merged STXS Stage 1.2 o oo 55 (55 T
y 27 \ -0.25 -0.10
° gg—>H,01et,103p¢<2oo 1.23 +0.18 (+o15 +0.10
gg—H, 1-jet, p" < 60 -0.17 0.15 —0.09)
measurements s —— 12 48 L)
a3 H 0.34 -0.11
gg—>H,1Jet,60§pT<120 |__._|I 1.11 +038 (+030 +0.22)
. y : 34 \ -0.30 -0.16
cMs [ 209 —— 1o 108 (192 %)
1 gg—H, >2-jets, m_< 350, p™ < 120 _og 0. +02
— > '
O B PJ:C 84 (A/OA/ 1 )_4_8_8 137 fb (13 TeV) gg—H, >2-jets, m <35(]; 120<pL<200 06 :LOS (+ tg? )
: — + Ob ~ > i ’ T 13 +05 (+05 +0.1 )
i H | ) -05 -0.1
- i Served (Stat@SYSt) H_>ZZ gg—H, >2-jets, mj]_2350, pT<200 ——— 1.0 +83 (+08 +0.3 )
________ | V- ~08 -0.

2 ol SM prediction gg—H, 200 < p!' < 300 S 16 *04 (+04 ~02
— — 611+98 mH=125-38 Gev H H ) -04 (_04 -0.1 )
m - ’- e gg— ,SOOSpT<450 f—————] 0.2 +0.5 (+05 +0.1 )

- $. STX _ £ 05 \-04 -o0f
3 ' el S merged Stage 1.2 - |yq| <2.5 gg—H, p!! > 450 |.|_q_ . 04 +14 (+14 +o.4)
| +45 I gq'—Hqq', <1-jet and VH-Veto e S e] -1.1 -11 -0.2
3o o 5g+44 11539 Hagq', =2 o0 tgg (+gg +8g )
_ 9975 2g+!1 - aq'—Hqq', >2-jets, VH-had |—*——|| 0.7 o -0.

21 =37 . +0.7 +0.1
10%E 53423 i 472 45+t 5613 aq'—Hqg', 22-jets, 350 <m <700, p!! < 200 0-2 o8 g;gg S0 )
- _ [ +0.

C ® w27 e o7+22 T 42 'SHaq, 22-i H 12 o6 (o5 -0

: f __(3? 19 12739 15+23 ® aq'—Hag', 22-ets, 700 <m, <1000, p! < 200 14 +82 (+07 +O:i g
. Hag, >2-jets, m > H - 06 -02
i . ¥y e 7_g - e gq'—Hqq', >2-jets m”>1000, pT<2OO 1.19 +0.43 (+033 +0.28
. 0 -1 L, % qa'—Hqq', >2-ets, 350 <m < 1000, pH > 200 035 3030 0] o)
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- :I qa—Hiv, pV < 150 N J05 02
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< oF pp—Hil/vy, pf < 150 &\1.._| 06 *09 (+09 +0.1 )
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STXS 1n high-stats channels -

e High-stats channels including Hbb, HWW and Hrt provide additional sensitivities in STXS
e The focuses are mainly on ggH, qqH and V(lep)H

- -1
138 fb 1 (13 Tev - Run 2) CMS 138 fb (13 TeV) I | [ | 1T T T I L | [ | L
CMS e Observed . ATLAS H s ot
— +1G (stat @ syst) ZH(Z - leptons); pf > 150 GeV - ———— s =13 TeV. 139 fb’!
Teall s o (syst . O = ; ’
Pfellmlnary G( y ) ZH(Z - leptons); p%< 150 GeV - £y 0= 0.10+8’83 pb —Total —Stat. Theo. ps|\/| =95 0/05 |y|-|| <25
' R 0.
ZH pV>4OO GeV _il__ 133 +0.59 +0.34 WH(W - leptons); pY' > 150 GeV - i 0 0.8133 pb
1 _[_ X - _ - —_— -
| WH(W - leptons); pY¥ < 150 GeV - '202: (S:‘?gg SB:)S; )
\, ' . | 1.07 t . +1. +0.
ZH, 250< p_ < 400 GeV -e - 0.91+£0.37£0.26 VH(V > jj); 60 <mj <120 GeV - A S S A AT 0=1.5%13 pb B i A :)(:: (4:).?2 4;.?1)
: I ' I’& '@: ~ 0.78 +0. (+ . +0. )
' . . H | ~ 0=0.171333 pb & g A | 018 \-0.14 -0.12
ZH, 150« p¥£ 250 GeV, 21J ___. 0.18 £0.84 £ 0.69 aqH; m; > 350 GeVi by > 200 Gev % oot % é N 0.08 *063 (+053 035,
| qgH; m;; > 700 GeV; p <200 GeV - ..95{- o =0.02315515 pb 5 g @1 98 60 (051 033
\ | . - e 4233 4098 +2.12
ZH, 150< DTS 250 GeV,=0J e -0.80 £0.34 £ 0.27 aqH; 350 <m; <700 GeV; pY <200 GeV A -m- 0=0.047g15 pb é S ——@— —i 261 57 (097 123)
: . , i = —2.1+23 T . 1.91 *051 (+O.46 +o.21)
. H; pt > 300 GeV - , | Olosm= —2.1733 s % @I 047 045 -0.13
ZH, 75< p'< 150 GeV | —mmmmme ! 0.75 £ 0.50 + 0.50 99t P> 300 Ge * | = g
T : . 0 =022+210 ph S 8 . 1.02 *038 (+o.30 +o.24)
: ggH; 200 < pY < 300 GeV A : e 0.10 N g o 191 V< 936 029 -02f
: . T 8
WH, p‘T’>400 GeV - . = 2.00 £ 0.65 + 0.52 agH; =2) - —ecgee 0=15257pb H:WTWt | 88 o o 0.57 085 (#1045 047,
' t ] otal unc. § o & " . - -
| | 2 = S
: H; 1); 60 <pf <200 GeV - . i °=0-5f823 pb ##4 Stat. unc. g S _ 0.37 +0.65 ,+0.39 +0.52
WH, 250< p'< 400 GeV - 1.95 + 0.44 + 0.33 o B i Theo. unc. : Ho oss (039 -051)
‘ ' SoH; 1 <60 Gev | o=t o 785 | et 048 %% (37 070
: i s qqH s g o ' '
WH, 150< p-\r/g 250 Gev : -0_61 i 0.42 i 0.44 ggH‘ OJ ) * | 0=42t8% pb — 3?_' ] | | | | L 1 1 | L1 | | L1 | | L1 1 | L1 1
2 1 1 1 (I) 1 : 1 2[ 1 1 1 4| 1 1 1 6| 1 1 1 8| 1 1 1 1 O I —— Standard mOdel § E g O 2 4 6 8 10 12
—_ T T T T T T T = % = meas SM
—4 -2 0 2 4 6 8 10 =T (GXB) / (GXB)

Best-fit o/o

Hrt focuses on ggH

and qqH
JHEP 08 (2022) 175

Hbb focuses on V(lep)H HWW on ggH, qqH and V(lep)H
CMS-PAS-HIG-20-001 Accepted by Eur. Phys. J. C
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Higgs discovery, the “portrait”
of the Higgs boson by CMS was
published

e A full combination of
available experimental
observables

e A deep examination of the
Higgs mechanism

e Results include inclusive signal
strength 1, and a full breakdown

from various couplings in the «
framework

e A good agreement with SM 1s
observed at the current precision

1d

W'=1.13=009

2L

nZ=097""%

WW

(YW =097 - 009

TT
W =085=010

bb

A= 1,057,

LLLL

UM _ +0.45
=121 4

Ly

- 250714

The signal strength u’s

Peking University

Higgs combination

e At the 10th anniversary of the

CMS

138 b (13 TeV)

Xiaohu SUN
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Nature 607 (2022) 60-68
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Higgs differential XS

e Largely from HZZ4[ and Hyy

e Provide a big variety of unfolded kinematics with model independence

~1
CMS 137tb™ (13 TeV)
: |
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Higgs mass

e The mass 1s essential and determines
many other properties (XS, BR etc.)

e Largely rely on HZZ4[ and Hyy

thanks to their complete
reconstruction of the final state and
their excellent mass resolution (1-2%)

Runl ATLAS+CMS:
my = 125.09 = 0.24 GeV
Phys. Rev. Lett. 114 (2015) 191803

Now CMS:

my = 125.38 £ 0.14 GeV

Hyy & HZZ4[ with Run1+2016
Phys. Lett. B 805 (2020) 135425

Now ATLAS:
my = 12494 £ 0.18 GeV
2207.00320 with Runl+Run2

Peking University Xiaohu SUN
27
CMS
Run 1:5.1 fo (7 TeV) + 19.7 fb™ (8 TeV) —— Total Stat. Only
2016:35.9 fb' (13 TeV)
Total (Stat. Only)
Run 1 H—yy ——— 124.70 £ 0.34 ( £ 0.31) GeV

Run 1 H— ZZ— 4]

2016 H—yy
2016 H— ZZ— 4l

2016 Combined

Run 1 + 2016

Run 1 Combined ——t 125.07 £ 0.28 ( £ 0.26) GeV

———— 12559 + 0.46 ( + 0.42) GeV

= 125.78 + 0.26 ( + 0.18) GeV

125.26 + 0.21 ( + 0.19) GeV

o |
T 125.46 £ 0.16 (£ 0.13) GeV
--i- 125.38 £ 0.14 (£ 0.11) GeV

122 123 124

125 126 127 128 129
m, (GeV)


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
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Higgs width #

e Not quite possible to directly measure the width that 1s ~4.07 MeV, given the
experimental resolution at ~O(1) GeV

e But can exploit the on-shell and off-shell production using HZZ41

S T L CMS  sl40f7(13TeV)
£ [ ATLASPreliminary " o0 ™ 14]- — 212v+4| off-shell + 4l on-shell
0_on-shell gé oH g%-IZZ ' 20_—On + Off-shell combined ----- Exg-gtat. only . 212y off-shell + 4| on-shell
H_7 7% ™ - 13 TeV, 139 fb — EXP-oys I ) ) N
58 P44 mHFH ~ Obs-Stat. only: 1.1tg'2 Exp-Stat. only: 1.0ig'; 12- 4l oft-shell + 4l on-shell
> > 1 5__Obs-Sys: 1-1th2 ' Exp-Sys: 1.0ig:2 | | [ Ob 4
101 serve |
U.Off-shell ~ gggHgHZZ i _ Expected
gg—H* =22 (2my )2 : = J_
Z 10 =
! o
ATLAST = 4.672% MeV 5
ATLAS-CONF-2022-068
0 05
CMST = 3.2%%2 MeV

—1.7
Nat. Phys. 18 (2022) 1329
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Higgs couplings
e The couplings measurements range over 3 orders of
magnitude

e Couplings 1n the x framework can be measured with a
precision as good as < 10%  cws

| I 1 | 1 I | 1 | I 1 I 1 l I 1 | I 1
>‘q>> AR I ] i 4 Discovery % LHC Run 1 == This paper |
E2 4 ATLASRun2 3 —68% CL  ==-95% CL O SM Higgs

< = = 1.5 — —
. S Kt ]
© 4 k_is afree parameter N i )
u.‘> 107 &= . — - -
g2 = SM prediction =
w — - e
* B N - AT -
102 & - - _
E Leptons Quarks § 1.0 — —
B — Ve || Vs ” v, || u n = o B \ _
L 0. ansE _ \ _
P Force carriers Higgs boson B | ‘ “ _
1074 & c| gL | H = i N : _
:l II | | | lilrllll | | | IIIIII | | | lllllI — ! '
> 11 III | | L |l|| | | L ||| | | L lll — I ” —
> 1.4 ) 0.5 ‘
S 1.2F — - : .
« [ s I ] - | -
1f - § I \ ]
B i { ) t ] \\
O.8—_1III|" | | | lvnllll | ‘l | llllll | | | l[llll l—— B I \\ I l B
1 2 0 | [ [ 1
10 10 0.6 1.2 14

1 .10
3 orders of magnitipg@ie mass (cev)
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Nature 607 (2022) 52-59
Nature 607 (2022) 60-68

CMS 138 fb~! (13 TeV)
® Observed +1 s.d. (stat)
= +1 5.d. (sStat @ syst) +1 s.d. (syst)
—— 12 s.d. (stat @ syst)
— . Stat Syst
Ky —— 1.02+0.08  +0.05 +0.05
Kz —- 1.04+0.07  +0.05 +0.05
Ky "‘E'—, 1.10+0.08 +0.06 +0.05
g "E'_ 0.92 +0.08 +0.05 +0.06
Ky —'E'— 1.01:311 s007 +0.08
Ky —-§-— 0.99°017 4012 012
K —— 0.92 +0.08 +0.06 +0.06
£, ————— 1121021 4019 4509
“zy ———————— | 1.65'0% 1030 100
11 1 1 I L1 11 I 1 1 1 I L1 11 I L1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
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Couplings to lighter fermions "

e Reaching out to the first and second generation fermions

CMS 138 fo' 13 Tev) 138 fb! (13 TeV) 3 erererraereeere R
— 0.5 ' ! ' ! ! r ! T - cms ,
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| 95% expected e Observed | | HA - 0800 v 95% expected S . CMS >~
@ u Bobs(H s e+e—) - 3.0 % 10-4 o expecte serve - — - . ' \ "/
1, 04 LN 4 - | o 700 All categories L N\ /
- Bexp(H —e7e”):3.0x10 4  Combined = . \ ,
10 1 Expected 7.60 > S/(S+B) weighted hd % /
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\> | o ) - 3
o Q& R QQ\)\ gg\?\ gg‘e\ QQ}?\ 0 5 15 20 25 30 3B A< 3 % * * ]
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Y]
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SM predicts BR(H — ee) = 10~
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H — invisible

e Direct searches with MET 95% CL limit for H— v
. . . ATLAS: 10.7% (7.7% exp.)
49 1b" (7 TeV), 19.7 fb” (8 TeV), 140 fb” (13 TeV)

. : 0 0
= T | | | | . CMS: 15% (8% exp.)

= 0ol CMS 95% CL upper limits -
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~ F | Submitted to EPJC-
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N 0.18 (0.10) = 49 [ e e T _ .
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H — Zy combined evidence ____

e H — Zy with loop where new physics can hide ATLAS 2.20 (1.20)

e New ATLAS and CMS results are combined for 3.4¢ M >0 (1.10)

Combination 3.40 (1.60)

> — I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I =
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: — CMS : o [ —— Signal + background -
16 ] 5 50 J + g ]
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ATLAS-CONF-2023-025, CMS-PAS-HIG-23-002 mzy [GeV]
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Higgs decays with lepton-flavor violation

e CMS searches for H — eu for SM H and scans the mass from 110 to 160 GeV for BSM H
e ATLAS searches for H — et, ut decays

o
w

CMS Pre/lm/nary 138 fo' (13 TeV)

52 -
- 95% CL
CMSPreliminarZ 138 fb™! (13 TeV) > 600 T T T IR I I S T ) o5 ATLAS . 68% CL
8 ~ 025 {s=13TeV, 138/ ¥ Bestfit -
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0.52 (0.81) x 10 o 500  S.B fit = T 0o b * SM E
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10.34 (6.97) x 10 L‘Sl_ - - ]
= m N - Al 0 * -
VBFcat0 - 100F - : :
2.08 (1.72) x 10 W - : : -
_— p— O —] | | | | | | | | I | | | | | | | | | | | | | | | | | : | | | | | |— _0 05 | I | I 1 1 | I 1 1 | I 1 1 | l 1 1 1 I | I I | I | I I | I 1 1 l—
VBFcat1 -0.1 005 O 005 01 015 0.2 025 0.3
3.96 (3.25) x 10* T T T T T T T [ T T T T [ T T T T [ T T T T T T T T T T T T3 -
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20 . .
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Higgs to pseudoscalars

e Copious BSM scenarios (2HDM, 2HDM+S, singlet, NMSSM, axion etc.)
expect Higgs to decay to a pair of pseudoscalars and are extensively
searched at CMS

CMS reliminar e
T T e — 136 " (13 Te) 1t CMS proff s SHS——— Rt is5
- o ?‘10 T T 1 1 L T 1 ] N Illlllllllll_o i 95% CL upper limits
3 . - | | | | | - Q I I l € | ttbbfinal state —.—
ﬂ- — m % - ;: - c e Observed
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o 4b i : CMS 950/0 CL Upper IImItS : :‘ 0-6 _ I_‘,I_‘,bb ﬁnal State % : Ez;::xded ]
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~ 1071 i Y S~ - 2b21 T\ : -+ Median expected : z" H — aad —> TTbb
I>~ F ) (o] T 0.5 I
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| 28 A A | U I s N 107°F 95% expected — |@d
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First merged diphoton topology!
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Higgs to pseudoscalars

e Instead of pairs, Higgs to Z+pseudoscalar 1s searched as well

e Unique signature with [lyy classified with a BDT CMS-PAS-HIG-22-003

— -1 o -
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Top-associated pseudoscalar .
| . Tttt
e Motivated by the excess of y-ray 2 [ ATLAS m— -fakes efakes
. : £ 15 Vs=13TeV,139fb"" mm #Z = Rare .
emissions from the galactic center (1-3 ¢ 7| — — 2 (35 GeV)
GeV), a search for a light scalar (tens of ] o Hhatssd | mew -
GeV) is performed by ATLAS oL Signal Region (ey/y) wem w2z -
e Signal events with euu and puu are i ;
selected |
e No significant excess is found in data L0
(e
SV ) IIRTER T
E - ? “..7 v ¥ VA, /l/,u/. 2% 79 l # P
G I t -
8 ob— L
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HH 37

e The double Higgs processes (HH) provides a Nature 607 (2022) 60-68
direct probe to the Higgs self-coupling and —

-1
the four-boson coupling VVHH k,,, but very CMS S 1 ?’8 o (]13 TeV)
challenging as its XS is 3 orders of Altofnere =1 ; et
magnitude smaller than the single Higgs 5 + 2 SDs

? : SM

e The HH sensitivity already surpassed the pp — HH
single Higgs in terms of Higgs self-coupling =

e Both HH production and decays have been -
eXplOI‘Gd 6Xt€ﬂSlVely Indirect interpretation

e Production: ggH, VBF and VHH I R

e Decays: 4b, bbtt, bbyy, bbWW, bbZZ,
ttWW, 4, AW, WWyy
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HH with 4b 3

e Stats deliver in HH thanks to 1ts largest BR among all; measure HH XS with an upper limits of
3.9 (7.8)xSM

e The boosted 4b excludes k,,, = 0 for more than 5o

e The VHH 1s also probed using 4b and provides unique probes to WWHH and ZZHH separately

e Not sensitive to the k; constraints in general, but way more sensitive in k,~5 than ggF

. 5‘ || I IIIIIIII I T 1T 1 | T 1T 1 I | L | | L | I N I I
e ATLAS also uses it for resonant searches S LATLAS . —Obseved -
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=, = 95% CL L:Jpper limits | A|| categorles E KZZ : | : N e Expected +20
o - Observed 3 i 20 ] 510 < 10 =
% 10 - - Igﬂse?liz ;;(é)teegted ............................... _ HH — bbbb - : 3 1 B _
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L5 10°E . . | = i 1 X i ]
©
-10 - 10° g 1= el 2
E e
-20 — i ]
] - ]
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Phys. Rev. Lett. 129 (2022) 081802 v (& _PA S HIG-- 006~ Efir. Phys. J. C 83 (2023) 519
e e e ( ) CMS PAS-HIG-22 006 ATLAS also searched for resonant VHI[fH (GeV]
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I | I | I I | I I | | | | | | |
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% SM prediction

HH(+H) combined

o Still in the era of

OggF + ver(HH) [fb]
o

search, upper limits 0
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correction in H arXiv:2211.0121 K
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Summary

e A brief review of the EW and relevant BSM studies at ATLAS and CMS

e Many improvements 1n precision beyond the increase brought by data
statistics, while no obvious sign of BSM 1s found yet

e Run3 data taking 1s already well undergoing

e Look forward to more stringent examination to SM and more closer look
for BSM efttects
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t1(+X) productions .

2021 CMS Preliminary
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inclusive & differential ¢t

- Inclusive & single/double differential o,;(eu final state)

- Inclusivi

- Differential: Kinematic dists. of 8 variables - good agreement with predictions
except tails, improved MC needed (NNLO/EW corrections, threshold effects)

o(pp — tt) = 829 =

| 1 L l 1 L} I L) 1 1 1 I | LJ T 1 l ]
§ | ATLAS e Data i
S - {s=13TeV, 140 b’ - - aMC@NLO+Her7.1.3 |
= B - Powheg+Herwig7.0.4
ﬁo_'_ - e -- Powheg+Pythia8
% 10°F e "“"‘-: .- Powheg+Herwig7.1.3 =
T - * | aMC@NLO+Pythia8
I * - Powheg+Pythia8 (rew.) _
B : W Siat error .
B leqgna Stat @ Syst error .
o |
o~  abs.single | —
= differentialc " .
— ' —
|
i
1 :( ﬂ syst. tra nSVQ p T) L.‘-i"'."l’ J':é_‘i";.’-’:’;’;‘ Yty -
1. ;-_l I T
1. =x=r=>

. . g e
B e

Mellssa Quinnan (UCSD)

1 (stat) £ 13 (syst) = 8 (lumi) * 2 (beam) pb

1/6 dPoldlAg Idm " [1/rad/GeV]

LHCP 2023 - lMay 26,2023

ATLAS

<. Most precise inclusive 6, ® 13 TeV! —» impressive systematics (0.8% lumil)

: L I 1 | | 1 I 1 1 | | ' | ] | | ] l ] 1 L] I | ] | ] ' L 1 | I I | | I I I | ] L I ] ] 1 =
== ATLAS ® Data =
— Vs=13TeV, 140 b - = aMC@NLO+Her7.1.3 aMC@NLO+Pythia8 —
— - Powheg+Herwig7.0.4 -+ Powheg+Pythia8 (rew.) —
> - Powheg+Pythia8 mm Stat error
107° - - Powheg+Herwig7.1.3 Stat @ Syst error =
— I - I | [ E
<3 . | r i st
107 E Lo, e | el | i" : =
= : | Lo/ ® I - | =
= - | | | ! ; —
E L ' ; =
E l.] ; r’m
P S
104 E abs. double dlfferent alo i ol =
— I —
- | | I ] ,0! —
_[(azm. ang. sep. vs. ey syst. jnv.m) | .
1 0 : L A l 1 L 1 l 1 L A l L L L l A 1 L l L A L l 1 1 1 l L A fl L l A L —
1 '2 ) L] L] I 1 L 1 1 | L I ' L] ] I ] 1 ) I ' L] ] I ] 1 1 I ] L | I ! ] L] I L] )
11 ~ m™ <70 GeV 70 =m" <100 GeV 1100 < m <130 GeV 130 = m™ < 200 GeV 1200 = m™* <800 Ge‘ll-

L1 l L1 1 1 1 L1 1 1 1 l | I
n/2 0 /2 0 n/2

MEN

44



EW & BSM Peking University Xiaohu SUN

tWZ .

10 138 fb™' (13 TeV)
0.25¢cMms BN (WZNLO [ 2 I 7o

-
e Rate production ~ 136 b, sensitive S -Preliminary 27 B Nonprompt I WZ:+b
: \ - T WZ4j VV(V) t(t)X
to new physics, good probe of EFT @ 02r — . b 177 Une
S "
e FEvidence with full Run2 data: 3.5 > i -
W 0,15k 3l, 2], > 1b
(1.4) s.d.
0.1
/
0.05
& W- W- 0
t
S S 14
< ; : 81 27,/7+///////*///////+‘///////Z///fff*%/—/—/—/—/—/*—/—/—/-/w#¢¢/‘///4///////*////f//#///
b t So06 . o

0O 01 02 03 04 05 06 0.7 0.8 09 1
tWZ output score

CMS-TOP-22-008




Xiaohu SUN

EW & BSM Peking University

X — upu with b

e Search dimuon resonance associated with % 10°
b-quarks 1
10°
e Connection to LFUV models (Z7)
e Constraints are set on specific Z’ model, 10
consistent with low-energy b — sl
measurements
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