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COVID status at CERN

Signin Directory

CERN is in COVID-19 Level 2 - Yellow from 19 July 2021 until further notice

On-site COVID-19 vaccine now available for ALL

COvID-19

CERN'’S COVID-19 SCALE AND MEASURES

o

“YOURHSE ~ ABOUTUS T COMD13 vttt o rving oo s, s corvspon

TRANSITION BETWEEN LEVELS

termined via a combination of the incidence rate in the local area and a qualitative assessment

t by CERN.

n:=' / Informatlon related;toC

Highlighted updat

Introduction

As of 1 June 2021, CERN has |mplemented a four-level COVID-19 scale, determlmng conditions for on-site access, telework and other measures that concern CE

COVID-19 level 2 - Yellow frnm 19 July onwards

Respect for CERN’s measures reduces transmission on-site

* Proximeter use is mandatory on-site;
* Masks must be worn in all shared spaces at all times, unless seated in a cafeteria or restaurant while consuming food or drink;
 Seating limits indicated on each table in the cafeterias and restaurants must be respected and chairs must not be moved between tables.
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Luminosity [cm™2s]

6.0E+34

® Peak luminosity  —Integrated luminosity

T g™ T—HERF . BEILI/OTq(8
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3 o f EREhAIEREn=oxL
yosss | R ™% (#)a(H)~55 pb. Run 2TERK
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55,000[fb] x 139[fb~1]~7.6M{&
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Year

| year | Ecu(TeV) | integ lumilf]

Run 1 2011
2012 8 21
Run 2 2015-2018 13 139
Run 3 2022-2024 13.6 160
HL-LHC 2026- 14 3000 4



Accelerator LS2 Upgrades

« 2019-2021: Long Shutdown (LS2) preparing for Run 3 in 2022-
2024.

Key Plans for LS2 Accelerator Upgrades

https://home.cern/news/news/accelerators/key-plans-next-two-years-lhc

* Preparation for HL-LHC, as well as Run
3 and maintenance.

* More intense, concentrated beam, E—_\
with new Linac accelerating H™ o

e Upgrade Booster injection.
* New RF system in SPS.

ALICE

instead of proton. PR
* Replace Linac 2 with new Linac 4. = AWAKE™,

ISOLDE
I

1942

REX/HIE
2017205

{IRRAD/CHARM

* Bring beam energy up to 7 TeV. .
* Consolidate the diodes providing
current to dipole magnets
* ~20 magnet replacements, install new .-
lifts, ...




LHC Pilot Run

e 10/19 LHCIZHI3FESYIZE—LZE A5T,
e 10/26 ETRILFX—D[5F (450 GeV)ESLEEFZE,

ATLAS 2021-10-19 15:46:51 CEST source:]lveXML 404400 347509 run: 404400 ev:34750%9 lumiBlocikc6496 Atlantls
¥X Projection

y, o
g gt
'4,? tig) ;utl‘:,\-‘

Tran vt

pZ Projection

T T 1 3 E; I 4 . F

http://cds.cern.ch/record/2784881



B3
T

" 12 000
POINT4 || | ‘ .
I;:"5;;é13R34 i cms ' J' 11 500
K .
A SECTOR 67 %
~ SECTOR 23 ;{-‘L l‘] § 11 000
/4‘} 5}
P j“{x‘_‘é sps = l”ﬁ 10 500
c:uc: 3 "'gf\.,,ﬁszcroa 12 3 FTORJE%
e - QY N | ‘:’I;
¥ s £ Aii‘f: W
N Eeh 10 000
ATLAS 21 Aug 2008
Ry No. circuit Current of last
Circuit quenches quench (A) E(Te¥)
RB.A78 69 11585 6.8-¢
RB.A34 70 11950 7.0
RB.A45 87 11950 7.0
RB.A12 77 11950 7.0
RB.A23 29 11538 6.8-¢
RB.A56 s 11600 6.8
RB.A67 62 11600 6.8
RB.A81 55 11600 6.8

RB.78 and RB.23 to be re-trained...

EEAARN—NAD N L —= T

RB training quenches

© RB.A78
¢ RB.A34

RB.A45

RB.A12
¥ RB.A23
RB.A56
RB.A67
B RB.A81

~ 40-50 days

I PE M $ o T=Sector 23(diode),
78(inter-turn short) (&, &8 - X HF
Ho
f—=20nhs(10AER),

Run3DBFE—LIRILFX—IL. 6.8
TeV':t:':éo
= E-y = 13.6 TeV
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Run 2-> Run 3

Channel 13.6 /13 TeV 14/13.6 TeV
H (ggF) RERRDBR 7% 6%

HH 11% 7%

tt 11% 6%

ttH 13% 7%

tttt 19% 11%
SUSY stop (1.2-1.5 TeV) 20-30% 14-19%
Z’ (5-6 TeV) 50-70% 30—40%
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ATLAS LS2 Upgrades

L1 Calo Trigger Upgrade New Muon Small Wheel
M)A—REAHLEMDIET HIET, For L1 Muon Trigger

BF. LFrIAT—~DMN\VFEVRD -  —F TS N\—
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10’

10 15 20 25 30 35 40 45 50 55 TDAQ Upgrade

L1 EM E, [GeV]
Nucl.Instrum.Meth. A824 (2016) 374-378
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New SmII Wheel Muon Detectors
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Standard Model Total Production Cross Section Measurements
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o= 96.07 + 0.18 + 0.91 mb (data
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NLO+NLL {theory)
o=1896+1.7+ 7.2~ 6.4 pb(data)
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JHEP 11, 172 (2015)
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PLB 798 (2019) 134913
arXivi2106.11683

Status: July 2021
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ATLAS-CONF-2021-039
(Aug 2021)
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http://www.sciencedirect.com/science/article/pii/S037026931200857X
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
http://dx.doi.org/10.1007/JHEP01(2021)148

VH,H — cc

« 0,1,2LTroFroRIl,

- ZEEMMERW=Charm32¥>2 5
« #c-tag jetiCkYHTFroRILAIT,
VV - VeoBBBZRAELTFEZREL

[}
(51
[=]

77T

% [ ATLAS Prelimina
S 3001 e~y
=] F Vs=13TeV, 1391t
= [ 0+1+2 leptons

2 250:_ 2 c-tag, All SR

8 -

5 200

3 .

wu e

m -

s f

£ 100

@ [

> -

(18] o

llllllrl\lli
—e— Data
Il VH(— ct) (u=-9)
B VZ(- cT) (u=1.16)
0 VW(— cq) (1=0.83)
¥ B-only uncertainty
— SM VH(— ¢t) x 26

:J I Ll ] L1 I L1 ] L1 | e, l Ll | L I IE
60 80 100 120 140 160 180 200
m,. [GeV]
T B R e R D B AR S Ve
ATLAS Preliminary Vs=13 TeV, 139 fo”'
—Total = Stat. (Tot.) ( Stat., Syst.)
VZ,Z ¢t 1.16 1050 032 +0.38
. -0.46 -0.32+-0.33
wEH=a 083 5% (%133
P 1 PR | Lis 1
-1 0 1 2 3 4 5 6 7

jet

flavor

c

b

light

truth (mis-)Tagging

efficiency (%)
27%

8%

1.6%

VHveﬂ&@%#ﬁ%

0 lepton
Exp.= 40 x SM
Obs.= 35 x SM

1 lepton
Exp.= 60 x SM
Obs.= 50 = SM

2 lepton
Exp.= 51 = SM
Obs.= 49 x 5M

Combination
Exp.= 31x SM
Obs.= 26 x SM

+ Dala
ATLAS Prellmlnary T Sighal iy Backg e
s =13 TeV, 139 16"

B VZ(- €T) (1=1.16)
1 lepton, 2 jets, 2 c-tags I VW(-> cq) (u=0.83)
SR, p! = 150 GeV

450

top(other)
top(b)
multi-jet + other
. Wsht
o Wemf
Welf
B VH(—> bb)
[] Uncertainty
= SM VH(- cT) x 300

Events / 10 GeV

g LSFTTTT _+_ w
% 1"""—.—""‘"‘—.—0—-*-‘— -+— +
© 0,5'— | I | 1
= 60 80 100 120 140 160 130 200
m,, [GeV]
A
ATLAS Preliminary [ ltto
' i £ 20
s=13Tev, 139" [ e
VH,H - ¢t —— Observed
PR | oo U RN T T [ T T 1
0 40 60 80 100

95% C.L. limit on B

20



L&

b w7 XK DG E DOREERITE

SESFLGERM., FRRBETOAIEZIVNAIUL. EYITR
RFIEEERIE.

1 M= M= M=
) ) 1 g 4 : I
Ly = —(0"h)(0, by + —Lp? - —Lp?  —Lp4 o meas — \[2yc. L
g\ NG T T 20 82 —-e-f gp =271 gré® = 2Kkp—-
1 b2 Y
. ST 2 t
+ (MWW S M2z, 27 ) (14 =
H 2 } " m2
iy meas |4
- R | = -_—
7 I w= 9v 2Ky
L v
— E my fI1+— .
"
f
[ T e S AT
ATLAS Preliminary ——t Toul 2 N
Vs=13TeV, 36.1-139 Stat. = o
m,, = 125.09 GeV = Syt I3 - ?TLASTP\;ehm;ne;ry -
pSM‘ =79% | SM = E s=13Te ) 36.1-1391b Z_-'?
Total  Stat. Syst. u.c = my=125.09GeV, |y |<25p_ =19% A~
9gF vy ';' 102 N (hE . e E |: B SM Higgs bo:on M W
ggF 22 - 085 ‘O (A 0oty *‘ 10—15_
ggF Ww o (G E R G v S+ ) E
ogF = osr 3% (i3, 43 -
QQF+ttH pyt == 052 138 (1% Tom) 1072 & e )
ver 11 = AT BE (o ) - o =
VBF ZZ ll—n—i tar 0 5k, 2i) r .- 7
VBF WW - 109 9F (1% ) 108 -
VBF 1t _f' tay 9 (R 2 ; .U_I-* ;
VBF+ggF bb = 098 4% (0% 154 e’ ,{m,,) used for quarks ]
VBF+VH ——==—— 233 % (N5, 8%) 10
W = @ i . ) O e . 3
VHzz —— 151 N0 (. ) £ 14F E
VH i 098 0% (1% 16%) s - ]
WH bb [ kT e S i o 12E -
I +0.24 +017 +017 L r T
ZHbb - 100 g% (los7 s tens) » r ]
ttHatH vy - ohs oI (hem mmy | e S S R S U R TERITERSLEs 8---o- —
ttH+tH W }-EE* 7 - 6 Ml ) r { { { ]
tiH+H 27 — 189 ey pates. Ay 08 ., . ) . -
tH+tH T0 =—— e N G o 107" 1 10 102
HH+tH bb = | 035 (0 (om eom _
e T S T Particle mass [GeV]
-4 -2 0 2 4 6 8

o x B normalised to SM



102

s ‘7 7xﬁz%@/{\m/ﬁ\

2016 FECAME
(Run 17—%)

CMS Preliminary {s=7 TeV,L<5.1f0' {s=8TeV,L<19.6f "

L ! L ! R L
[ |=68% CL t i
- |—95% CL -
g WZ‘"’I :
: 4 ]
L b ’ ]
- T ’*"." -
| 1 1 1 I\Il\l 1 1 1 IIIII| i
1 2345 10 20 100 200

mass (GeV)

m
F v
K'F v or KV v

K or Ky

1072

10°

107

1.2

0.8

2019 CAMH
(Run 27—%)

;HEI‘ I“‘\‘llHﬂTl T I|H|T|'] T I\HlTl'] T IHHTlT_l_

" R

ATLAS Prehmlnary
Vs=13TeV,24.5-139 b
my =125.09 GeV

-- SM Higgs boson

S
o

my(my,) used for quarks

T

10 102

Particle mass [GeV'

I TE R B D25 1

Ty
V'V

m,
s
Fv Or K

104
1.4
1.2

-

0.8F

REDK

\¥

(Run 25—

—3)

s=13TeV,36.1-139fo"

---------- SM Higgs boson

o ‘..

!"IHHHl T HIIIIIl T I\I\IHl T ]\IIIHl ]

T T T LR |
ATLAS Preliminary

my = 12509 GeV, Iy, | <25,py, =19%

= ‘N

i II\I‘ !IHHI\l | HIIIIIl I lJIHHl 1 HIIII”- 1

ﬂ!—"‘
. my(my,) used for quarks

2 e MRS
107 1 10 102

Particle mass [GeV]



RIE7AVZS 1A

—_—ll e
ATLAS Preliminary
Vs= 1
5=13TeV, 139 1b 5,8, A Tt (St S,
m,=125.09GeV, |y | <25 = ———— 109 *014 +012
o~ 92 A : B,s/Bz I 09 Tpip(Zgyy s x008)
- 6 —— 078 *02B(+023 .06
Byw/Bzr - oAb “oir)
——Total Stat, B../B. : 106 1013 (1570 “008
Syst : : —_—_— 086 *016(+0.12 +0.10
o M 4 -~ . 70.11(79.131 —0.09
1.5
2
0-jet, pH < 1
J‘ pff <10 GeV i Total Stat. Syst.
O-jet, 10 < p'Y < 200 GeV gy 202 thag
1 = = -0.18 1-0.10
Jet, pf! < 60 GeV i L
T-jet, 60 < p < 120 GeV 057 +o2s( "92 _.uﬂ:g)
) -n “g21 +*0
gg—Hx B T-jet, 120 £ p¥ < 200 GeV 1 fie 2028 1028018
- i aet e To27( To2a+ 012)
2 2-jet, m, < 350 GeV, p!! < 60 GeV P—— 066 ‘04 ( 0% 016,
= 24 ity -0.351-0.17
= 2-jet, m; <350 GeV, 60 < pf <120 GeV == 047 *199( so098 1047
22 0 s
jet, m, <350 GeV, 120 < p/! < 200 GeV 0.25 +053( +0.46,:026)
i =
>24ot, 350 5 m, < 700 GV, p!f < 200 GeV 054 T0i( 103 Tom
=24 —————— T = -022
2 2-jet, m; 2700 GeV, p'f < 200 GeV 278 TRl e
200 < pff < 300 GeV - - 0.74 +:Eg( +133 ;g:;g)
= -1291-
300 < pl < 450 GeV 106 0% 0B Toie
H L= 314 -027 1-
P! > 450 GeV 1 065 047 +0a2 Ny
___________ ——y 5 —gaal —gas-0te
_____________________________ 1.86 +!4?( +1.37 +0.52
il Sae( Siiaetoae)
______________
= 2-jet, m, < 350 GeV, VH velo 140, T ( 21 20e0)
B I — = -0.93 -0,
= 2-jet, m < 350 GeV, VH topo 2.98 ::g;( i:;g ’Dgg)
> 2.t 350 < m, < 700 GeV, p e 100 ‘058 051 0%
oo ] ,pr<2OOGeV ———— -052\ -047 032
I -jet, 700 < m, < 1000 GeV, p <200 GeV  ymemmms e
= 2-jet, 1000 < m, < 1500 GeV, p!! < 200 GeV e 095 “oi( Tog i
> 2 = =031
>2et. m, = 1500 GeV, p' < 200 GeV 158 1ML 0 )
: == = 045 1-0.2
> 2-jet, m; 2350 GeV, p'f 2 200 GeV ] 1551 TR e *°-‘é;
S - 121 +031 T AR
pY <75 GeV -"----"""""""‘-----------._.0.27. 024 1-01)
ey
N 75< p¥ < 150 GeV - = 247 +:‘&;( +115 4022
; “ioa( Ziop s
qq—HIvx By, | 150 < pY < 250 GeV . 1.64 ‘ggg »O‘gg +gi;§)
Tant Sgzhnn
250 < pY < 400 GeV F—— 142 078 L0104
p;f > 400 GeV h_—"l 13 +072 ;g‘ég ';ggg
Lecmmemmn ——— : “osa Toag oz
e L L L T T, i IR 1% +0.70
p¥<1snsev B e L L L L L L L L T T =8 SRR
ey s
00/9q—Hll % B . =iy ¢ i 021 To7( +054.08%)
250 < pY < 400 GeV 1 10 *isy fom ;3?3)
——— - —0.41 2
pY = 400 GeV 128 07 coo 0%
___________ ——— -054\ -0481-0.23
_________________________ 039 *128( +104 +074
o0 =~unt i o -1141 -091-0.68
e
--------
60 < pf < 120 GeV 0.75 *g;g +g‘72 029,
i —— —0. -063 -0.21
1TH x B 1205"])-‘200 GeV |_-l_| 0.69 tggg( ”323 +D-ED)
200 < p'f < 300 GeV 0.86 +3E§ +050 13:53)
300 < p# < 450 GeV 096 0% L5 1028
" = -0521 -048:-020
P2 450 GeV 028 079 ( +086 +043
L o e — - =0.70 'USH‘*DEB)
L O 046 193 +las 4128
tHx B,,. o e T —17el Zr2a -1z
i e i T e am e
L PO T | v 363
: .o 200 * +335 +1.39
A T TR SR, A .72‘8}7( ’2‘73'7059')

2 4 6 8
Parameter normalised to

10
SM value

23



—H— ) v/-La — N ~ N
it v ANFEETETETFN—2 39
» BEFTOFRIMNFEROERII. BEEHGBODFELEL—HLTLVS,
s EEBRTIK, v RBIFIX1D2FIT,

TrllT|

WEZBT HHT HEBENTEH—CHF BEDER.EvJTARF

P s s N B
}% E }T% EHSH @
9
lr % % % U @ I:v’?“X*ﬁ%@
L (vp) (v2) =IRe
OO\ W@ ) /S

/

Evd AR FIF1IRRELM . . 6

24



—H= == > -La —— > S N
bt v AR F T T N— g
HEFTOZRMNFEGRDOER(Z EEE GO FTELIK—HLTLVS,
EBEBRTIE, VT REIFIE12751,

WEZBT HHT HEBENTEH—CHF BEDER.EvJTARF

TN Ve D
B R ()

@ RS @ I:v'?“x*ﬁ%@

(s)

o @
@ @ 5300 ) @
WO W@ | /M Y

o
@
®
%o

/\T\LT O —N\
(&

Evd RRFEIT1FEFELAEL, - 6

2oEH-OTEHELWLLERELMN?

Z<{MBSMEBH T, M BEYT RARFH %S

CEMDEYT AP FNFEINTINS,
e.g. 2HDM, #BxI FR 1%

25



M S S M 7 O) FEIJ 7\%\/\:1 JH(EIﬁ-IOIZ‘J(;OEL)H'ii

HY &, EVMYTORMLIF—D LDEEE D TR,
— tbHEEZ N L TER - RIRIT 2 E—FZHT,
SE5ER thHY - tb(tb) » £ v + qq'bbbb
—a—JIILRYNT—DIZ KD B EHEN

Bohi=MssMA Dl

o B 5
E 40 S%\\ *‘\%\g : -
30| ATLAS §
20 95% CL, exclusi
% CL; exclusions
H'— tb [ Observed
10 hMSSM ... Expected =
T Vs=13TeV [ Expected+ 1o
-1 [ ] Expected + 2c ]
i 139 fb — Observed 36 fb' |
- | Expected 36 fb™*

200 400 600 800 1000120014001600
m, [GeV]

ATLASEERDSEIFLEYT AKFIF
RIZEBMSSMADFI#

July 2021
60 T

T e e ! [ gg/bb HIA, HIA —
Py 139 !
40 _ Phys 5 (2020) 051801
30 - / h(b)H H' — v, 36.1 b
TR 7 JHEP 09 (2018 139
20 - _| I o) HeA, HA - b0
il : 278"
X Phys. Re (2020) 03
CO H -2z - 4wy, 36.1 fo!

1 O Eur. Phys. J. G 78 (2018) 293

A - Zh, 36.1 b

JHEP 03 (2018) 174
[ o) H. H - 10,139 0"

JHEP 06 (2021) 145

ATLAS Preliminary
hMSSM, 95% CL limits

Run2, Vs =13 TeV :lHaWWalhasallb

llllllll

N wWhAO

— Observed Bl Pgas) CTm 0180
Chasae - - hh 4bbtmbb
--- Expected 275-36.1 b
T Phys. Lett. B 800 {2020) 135103
=== h couplings [k, k,, k]
36.1-79.8 fb'
1 e % : " PR | Phys. Rev. D 101 (2020) 012002
200 300 400 1000 2000
m, [GeV]

RE. BtanpAETROSVEEME
HEZEALTLLEN


https://link.springer.com/article/10.1007/JHEP06(2021)145

SRBRDTIE (1P, B, 4E78)

WEETIX, 12 +> 5jet BREBFTLTET -,

HEINELLGBE M TIA—IODEEFE(C
55,

SEFBEDMTIF—UF 1EOKRLD Y
~(boosted jet) EL THEHERLI-ANEF,

Boosted jetZ{Eo1=#FiLLNF v R )L EFEAT
L.EEEDREBEYT RRFADEEEH

(T é o Low top pr High top py
= 60 T T T ¢
| =
T 40 1
301 ATLAS Preliminary | W boost |
201 - 95% CL, exclusions ]
H - tb Frr Observed
10  BRMSSM T2 Expected -
F 5=13Tev D Expected 2 103 b
- [ pected + 20 ]
i 133 1b — Observed 36 0"
| e Expected 36 o' |

27




by 7 ARSfICLDLO VT M- T
]/__/\__;ng{%ﬁ@%g (FOH . FE#)
FTLULVIRARAT

LHCTOL Tho - JL—N\—EREDIEE,

=X VI T IV DN eT T F U RILT
BRI D,

— R F o R TOERLEHE

Vector Boson FusionD 45 HBGRTI A D Ty b xt &
DHEHIEES,

TeVAEE DR EE YT AR FETIERIT HEMNARE,




By A

* DiHiggsERZFIELTEITT 5,
. DiHiggsl&. 220D F ANV SLDF

SRS,

« LLECHEEERAyyy)DEITHIX,
HHA D EmEiEIX 2112755,

% —LO
- 10 - NLO
l MNLD
%— 1
1['-1 \
107 | | |
-10 -5 0 5 10
Man! Mpn

ATL-PHYS-PUB-2014-019

Expected event yields for

I:I‘ }/f% él\ \\/\

IJJ—'_—:

A=

g

g . 0000000000090,

g 9990999909992

A

AHHH
)LSM

=1

®----------

____________

Decay Channel | Branching Ratio | Total Yield (3000 fb~1)
bb + bb 33% 40,000

bb+ WW~- 25% 31,000

bb+ 11 7.3% 8,900

ZZ + bb 3.1% 3,800

WW +1'r 2.7% 3,300

77 + WrW~- 1.1% 1,300

vy + bb 0.26% 320

Yy + vy 0.0010% 1.2

29




_\\

<F'EHJ:L,T:O

DiH Igg T%f’—f?% 7EH< ATL-PHYS-PUB-2021-031

o YITFYIRILADGE,
HigR DR L.

2015- 20167'—’5‘

A TLAS —e— Observed

B §  emeees Expected
fs=13TeV, 27.5-36.11b it
ﬂ%:' (pp = HH)=335fb Expected + 2o

Obs.__Exp  Exp stat

HH— bbr'ty 12.5 15 12
HH—s bBbE 12.9 21 18
HH—s bbyy 203 26 26

HH— W'WWW 160 120 7
HH= W"W yy I 230 170 160
HH-+ bBWW

Combined j

305 305 240

6.9 10 8.8
|

10

10° 10° 10" 10°

95% CL upper limit on . (pp — HH) normalised to 52‘:

x4.6 improvement (x2.0 expected from L)

—REMNEZ LML, B FEOREFICLYRENKE

SEEMTDEAN. AT Ih

£ Run ZT—’)'I
T L LI I L]
ATLAS F‘relamlnary Observed
VE=13TeV, 139 -1 =" Epeeted
Uggiﬂ ver = 32.78 b 1 Comb.exp.limit+1ag

[ Comb. exp.limt+ 2o
X3.8 improvement (x2.0 expecteld from L)

Obs. Exp.
bbt+t| X 46 39 -
bbyy l : 43 57 4
Combined- * 31 31~

1

10
95% CL upper limit on signal strength

o(HH)

Osm

<3.1 30



Oggr + ver (HH) [fb]

Kg“\@%mﬂfl‘\/‘j

1

| DOLJBIS BN Mind Dodd Mt Mum mad |

_ ATLAS Preliminary Observed limit (95% CL)
: -=-~ Expected limit (95% CL)

Vs =13 TeV, 139 fb™' =3 Comb. exp. limit +10

= Comb. exp. limit £20
EES Theory prediction
sﬁ’ SM prediction

T

vy
| —

b
o
s

d
o
A}

102}

| Observed: k, € [-1.0, 6.6]
Expected: k, € [-1.2,7.2)

g _R-La _2itlp 8 pog_th

101.A‘1‘A‘1 Loa iy A N T e a2
-10 -8 -6 -4 -2 0 2 4 6 8 10

—1OSK,1S66



Fraction of events / 5 GeV

X » HHYEZR DHE 5

ZAEBERDDihiggsE K TIX. m(HH)IXE—DZ&{ESLELY,
BLHRFLABNIE, m(HDIZHEWNE—OFES1=8. [
CFEHT THTHLFE f?'»"é‘d‘%)_th\fﬂéé

ImI

T ] T 71111171 T T

;10“g ATLAS Prellmmary E
0.3p— IR 3 F V5 =13 TeV, 126 - 139 fb"" :
- ATLAS Simulation Prehmlnary - f \\ Spin-0
0.25F- e=13TaV HH-bbyy 3 X —— Observed limit (95% CL) |
. o T 300 Gev RiEE -~ Expected limit (95% CL) 3
E'E_— 500 GeV E =3 Comb. exp. limit £ 10
C — ml‘—{ ggF, k,=1 1 1 Comb. exp. limit + 20
C HH VBF, « =1 ]
0.15 ——  yytjets * — 102? E
0.1 - i
- 10" g g
0.05F - == Hobo ]
C [ = bbt*t~
Do __-.dru—-']_l— ---a i T e 0 - ] [© — bBYY B
QOCI' EED 300 351] 41]1] 450 500 550 600 10° —— Combined -
. SN | 1 1 TR T B A A A A A | L =
Invariant mass [Ge
[GeV] 200 300 500 1000 2000 3000

mx [GeV]

32



E & D

¢« LHCIZ.2019—2021 DO EHR > vyrE ™,

— Run 3, HL-LHCIZR] [+ T. 1niE2s. BHEEELT7YIT I L—k
h,

« LHCIZ.2022—2024(Z. Run3:EE:% 175,
— COVID-19M 1=, V¥ yr T O UM ERZERIZESTULNS,
— FFIRILT—IX.6.8 TeVIZIRELT-=,
« 2015—2018IZE1FL=Run 27 —42% T,
— REEETIL, ATLASEROZAEDMEBEDS>L ., LTDR
Evo%&#BLT=,
- EEEHDIRE
« EVT RRFDRERTE
« FIBEYIT RHFDIER
* DihiggsERBIEDIER



backup



LHC-ATLASEEER

« HAREIRILXT—TORITFEER, GF-EFEEEMESS,

« 2019—2021 MEF[BEBHBBZOT7 VI IL—FD=HDORIAS vIrF ™
>,

e 2022—2024 Run 3BEZFE,
— Eqy =13.6TeV(Run 1: 7—8TeV, Run 2: 13 TeV, LHCTH A2 : 14 TeV)

. Run2(2015 2018) THREL1=139 b1 T—2 DR
ZEIPRDIRL. TV EDFRE
— ATLASOD:RCE: £1018. Run 2:411, 2021:46 (10 BB M)

Standard Model Total Production Cross Section Measurements I3
ey W ey [ 60 July 2021
ATLAS Preliminary  — -
13
w V5=7813 TeV Ph
z 0
r
[ |
27.
te Phy:
DH-z-
Wt 10 — — Eur
e 4 A
H = . = JH
,,,, ATLAS Preliminary @
w 5 hMSSM, 95% GL limits | s
4 Run 2,V = 13 TeV ==k
w 3B — Observed €
2z --- Expected
LA 2
F ttw b
iz Al
W 1 L Phys. Rev. D 101 (2020) 012002
WW.
iy 200 300 400 1000 2000
108 200 1 1010 10 10 10 100 0% 0510152025 m, [GeV]

o [pb] data/theory  staus: wy 2021

%ﬁb:lfwzaczyli— SESFELYIEBREOLER  BRMEETILOEYYS A
DIEFEH5E T (11/4), MEREDRIE, BE£IBRE FESESELER - RIEBEE
MEIL TS, TEXR,



WWWHiE A 5558 D 3]

ATLAS

EXPERIMENT

Run: 349169
Event: 1043374730
2018-04-30 01:58:32 CEST




STXSHlE (H - 17)

10

g = ATLAS Preliminary H — tt cross-sections (ly | < 2.5) =
— - Vs=13TeV, 139 fo! e Observed — Tot. unc. — Stat. unc. =
o™ 1 Py =99 % — Expected [[]Theo. unc. —
X ], =
S ‘ i i i ]
3 - : ¥ ]
107° == ) 1 =
= T 1 | [ | 1 | —
B 4F = ; E
e i ' i I E
: Tt S T
o oF Tl B ! | i | i E
Niets): =21 1 22 =0 >0 >2 | 22 > !
p.(H) [GeV]: [60, 120] [120, 200] [200,300] [300, =[ [0, 200] ! i
m; [GeV]: [0, 350]* [0, 350] [350, o[ ! [60, 120]  [350, oo !
gluon fusion + gg — Z(— qq)H | VBF + V(— qq)H L tH

37



2 Higgs Doublet Model (2
BEER v R -FTLyrE—EANT,
(DT _ (1 tidy
¢ = (gbo) B <¢3 + i§b4)
— ADDBEHRE-WH W, ZOBEE+EvT RAF

— Vacuum Expectation Value v = 246 GeV

EvIR-FTLYRE2DANT=ZL. ..

HDM)

— 8OMEHRE-SWT W ,ZOB=E+5@NDEYT RAIF

hH A HY, H™

2DONDVEV: vy,v,

J Vi + vs =246 GeV

tan f = v, /v,

2HDMD EYT AR,
m(HY)&tanBD2EE T
EapUiYey (3

#_*ﬁ’ﬁlﬁiunﬂ’ﬂi BEBGEBYDQE—EYY RAFTIEHDE-S
FFEMIZENLGD, BT EBDEYT R FRHHIRE,

MSSM®Lagrangianld. 2HDM®DEv S A#tEEF L,




(EEP QN s

T ILEHF ER—ZHLF D FE Ot 7% =88t #his
« EVJRAEEDEBANBAICHZONS(?)

« NOXKFE—HBEARIZTES,

- FEHEBREFRCHDOERERMNFIHDILT,

« RERNFHIHIEEMETHLHAREME,




Tl

L v 7 AR DOHT > th BREEDERER

SUEKFSIL—TIL HY > th BRIEDQEZRBIIZERLT
=71-,

—N

Run 1
— 7kH- Ph.D. in Dec 2016 ) D) b
— JHEP 03 (2016) 127
Run2 (3610 oo —
— $kJE- Ph.D. in Feb 2018
— JHEP 11 (2018) 085 g D ——*
Run 2(139 fb') — IREREHT
— lWA(D2). (FE&. &%)
« JHEP 06 (2021) 145



https://link.springer.com/article/10.1007/JHEP06(2021)145

BT T v R

tbH* > tb (tb) » (Wb ab(WJ’b)b

2DONDWDHRREE—FNEANLT . E5FA
MAROVIZENSTE—FTELTLNVA,

— £+ jetsFrvrRIL: £v+qq'4b

ARV DO YR/ T BUZE ST, ESBITH T F o RIVIZH (T TEHT,
« £+ jets: £+ 5j3b,f+5j=4b,f+=6j3b,f+=6j = 4b

INYHTSHUR: tt + jets, : tt + V,single top,V + jets, tth, multijets

| ATLAS Prelminary 4 Data - H 800 GeV [ it + light]

Y
; Ejet;”ev 19917 g, o @+t M4 X
- Pre-fit [Jnon-tt 77 Uncertainty

105:‘ L] | 9. |

| b

|
| | |

S T TR R

©0.75
S 05

Events
8
[=>]

10°E

—

5 3p 24y <G <6/ b =



2 IS EEMT I K B SIBATE
e ZTa—F)LRAYND—DIZEKBZETEHEEN,
« 15ENEENFHEHDEMEL T, SIBLEEMNIES

T 1EoT=,

MM variables

pr of the leading jet

pr of fifth leading jet

Scalar sum of the transverse pr of all jets

Second Fox-Wolfram moment calculated using all jets and leptons [93]
Invariant mass of the b-jet pair with minimum A R

[nvariant mass of the b-jet pair with maximum p

Maximal invariant mass of a b-jet pair

[nvariant mass of the jet triplet with maximum pt

Invariant mass of the untagged jet-pair with minimum AR
Average A R between all b-jet pairs in the event

A R between the lepton and the pair of b-jets with smallest A R
Centrality calculated using all jets and leptons

The kinematic discriminant defined in the text

Number of jets (only in =6j3b and =6j=4b regions)

Number of b-jets (only in 5j=4b and =6j=4b regions)

IR

LD T
g ,F?Tll_AS Simulatlon :I H y 200 GeV
- reliminary
2 0_15__ > 6j> 4b 1 Background __
£ |
m b
0.1
0.05| s
: e '
. % 0 0.2 04 0.6 0.8 1.0
NN oulput
wn
g 0.4 ATLAS Slmulatlon |:| H 800 GeV |
- Preliminary
2 - >6)>4b 1 Background
503 ]
w
021 =
011 7
B . | e i e ) e B
0'%.0 0.2 04 0.6 0.8 1.0
NN output

42



LHC TOfhEE v 7 ZADOMHE

o HYIE. BEWLWNYTORMLGA—VEDIEE D TE

L =8, LHCTIEbY T 04— 0% > TERT ¢

BIFENENEFEINS,

— thHT A X
o my+ S 160 GeVD R T EELLEHEINTILND, ¢
* my+ =200 GeVTIL, H* - thERIRD 7 Lk

MRELY,

HY - tviERIZKS5EHE

FRiE S Itk MSSMa

@_60_""\“"|““\ T 10° grr——— L e e e e e e I el T
% [ = —- Median expected exclusion ] F 38 F
50; |:| Observed exclusion 95% CL -
E ------ Observed +1c theory 1 10'E E
40; -.=.=== Observed -1o theory ] E :
" ATLAS 0
30__ _ -1 _ E 2L - mhmm' anp = I
- |Ldt=19.51b 1 s 10°F . BRH ot
Ee E BR(H -> cs)
20;\’S=8 TeV —— BRH->tv)
- Data 2012 . BR(H ->uv,)
= 107 F e =
105 MSSM m};'®* scenario E
O_Jll\‘\Jlll\\\\‘l\tt‘lllll\lllIII\\JI 104| 104\,,|,|“,,|,‘.‘\,,..I“.‘
80 90 100 110 120 130 140 150 160 100 200 300 400 500 600 100 200 300 400 500 600
M, [GeV] M, [GeV]

m,, [GeV] i



JHEP 06 (2021) 145

H* — tb¥RR
E5E%:thHY - th(tb) » £v + qq'bbbb
ARRDD YR T HIZKY BT Fro R ILIC
ST TEET
_ £+5/3b,8+5] = 4b, £ +2 6j3b,£ +2 6] = 4b
Za—FILRYNT—DIZ KD S E BB

AEEYT RMFOEMMEHED LR

LA L N L L L L L L L L BN B

w FTTT
5200 aTLAS + Data
m : E - 13 TeV, 139 fb_1 - '_-|+ 2.00 GeV 1 0 T TST LI I T T I T T T LI ‘ LI I T 1 T I T T | T T -
2000 l+jets, =6j >4b (. E * l;giht ' ATLAS —e— 95% observed CL, -
Cltt+21c P 95% expected CL_ ]
. £ X Vs=13 TeV, 139 fb™"' g Expected + 16 ]
1500 Wt + i [ ] Expected+2c
[Jnon- —e— 95% obs. 36 fb™' result

7z Uncertainty 1 @ TECNEaRN N . 95% exp. 36 fb™' result

—— hMSSMtanB = 0.5

[ Post-fit B+ >1b ]
i —— hMSSM tanf = 1

T 1T TTTTTT
1 IlllIIII

10_15* ------
i - l----i‘-"-’-"'—";‘-__"_':_"';"_"‘_";ﬁ_;;:_;:_-;_;_; E |
I B | ] B
SRR e S P P O 2 ) i
T 09F 0 A, s
S T e T e A2 e b ey oy vl sy s ol o et ooy D o L0
ST T T T T NN output 200 400 600 800 1000 1200 1400 1600 1800 2000
m,. [GeV]

44


https://link.springer.com/article/10.1007/JHEP06(2021)145

_l’_l'_.

QY

TI'IlTI

o bTOF—OXYLBWNGEEIX HE - v

v g

By AN 2R TN

FROFRIZKY

« BICERRESNTNAEYT RAAFDRBEBIERRIE.

[ILKEHSN TS,

HELEEBEHNRELY,

J:éiiﬂﬁﬁ

H* —>tv? i(

@_60_| T T

m [ =—=—- Median expected exclusion

50_ |:| Observed exclusion 85% CL -

——

Eo-e--e Observed +1c theory
40F
- ATLAS

SOF |Ldt=1951"

......... Observed -1o theory

20k \s=8 TeV
- Data 2012
MSSM mj® scenario

100

] T A A

B

0_1 1
80 90 100 110 120 130 140 150 160

m,, [GeV]

h(125)DFEFRIE I D
Bohf=MmssmA DI

[ Obs. 95% CL
—=- Exp. 95% CL

ATLAS Preliminary
Vs =13TeV, 24.5-139 o~
mp, = 125.08 GeV, |y, <2.5

M}%5 scenario
: ;

=3 Obs. 95% CL (H/A—TT]
== EXp. 95% CL (H/A—TT)
B Obs. 95% CL (H*—tb)
—=- Exp. 95% CL (H*=tb)
T T >

)

s .
1200 1400

1 . L
200 400 600 800 1000

. L
1600 1800 2000

IImII
[T

mg [GeV]

my~mpy+, formy > my,

LY



Run 2 C®DihiggsiE sz &

o F£F(IDihiggsEREFIEL TS, 2019851k
Dlhlggs$§®$&ﬁﬁ$§l-ﬁﬂ'éiﬂﬂ BoEEESIzHT B4R

ATLAS _._Obsgn,ed g 10—V e
R Expecled - =3 E ! 4 |7~ " Exp. 95% CL limits
f5=13TeV, 275-36.11b B Espocied & i = ]
L ﬂ%!: (pp =+ HH) =335 Expected + 20 I 1 |7 Obs. 95% CL limits
R S, -
Obs. Exp. Exp. stat. | g ~— bbbb
HH= bbr's 125 15 12 T = -
- 2 C = bbt*t
© 1
HH—+ bbbb 129 2 18 | =
- [ Allowed x; interval 1
HH-s bbyy 203 28 26 ) jolates oL | Comb.
HH= WWW'W 160 120 77 £ Obs Exp. = - Comb. £1 (exp.)
4 : (Exp. stat.) ATLAS ]
HH= W'Wyy 230 170 160 50-120 | 58-120 ! VS =13 Tev 1 Comb. £26 (exp.)
7 ( =503 —1:5) 275-36.11" | |
HH-» BBW'W 305 305 240 jerebinm i Lo o THeoryipregivhion
20 -15 _10 _5 0 5 10 15 20
Combined 69 10 88 K,
i A,

10 10° 10* 10°

95%121upperlimiionaggr{pp—;HH}normaIisedto a:’; —5_0 < K). < 12_1 at 95% CL_

.. Exp.95% CL __ Obs. 95% CL
limits limits

——
ATLAS
Vs=13TeV, 27.5-36.1 10"

spin-0 —WWWW  —WWyy

S - hhEZRDRERELT,
TES: 107 T — bbrT — bbyy
(e.g. S=heavy Higgs) : —Comb. (obs.) [ S2mt- o

(exp.)

= bbW*'W = bbbb

O(pp = S = HH) [pb]

Comb. 20

3x10° 10° 2x10° 3x0°
mg [GeV] 46



