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Motivations @

LAS
PLB 716 (2012) EXPERIMENT

* Why do we still look for others? And why should they be light?

* There is still ‘room’ left for exotic decays of H,s to non-SM
particles

 Many BSM theories allow new light (pseudo-)scalars

150
m, [GeY] m,, (GeV)

* We found one Higgs boson in 2012....

This talk: Selection of most recent additional low-mass Higgs boson searches from ATLAS and CMS (*)
% Light (pseudo-) scalars a:

A@ % In association with Z from HlZSQZaQWW - — ALP

EEEEEEEEEE

% In pairs from H,,. or X=>aa or ¢¢9Y@,fﬁ)§i/ —dark SUSY
Gws 1 @ In pairs from pp=>(H,5)2aa=2pppp < vector portal, NMSSM Y Né’ﬁfé’f.;?; DM searches (see
é @ In pairs from VH,,c, H,,c2>aa—2>bbbb with 2DHM + S A.Calderon’s talk on Thursday?)
@ SM-like (or not) scalar H (or X)=>yy % A@l ' ?c?—cg:lc?dnl?clé?jvz\_/irphaai:I(gsgesetjlc.)sons
G ‘Dark’ nggS boson S from Z’*%Z’+S%xx + Db A@AS Schaarschmidt’s talk on Thursday!)

EEEEEEEEEE

@ Scalar and pseudoscalar h,A from Z*>h/H A>1t11 (60-160 GeV) =% Type X 2HDM
%@ Conclusions and perspectives

% Acknowledgements S. Gascon-Shotkin Catch22+2 , DIAS Dublin, IR May 1 2024 2




CMS i Detectors and Methods @

% Light (pseudo-) scalars a:

A@As @ |In association with Z from leSQZaQWyW/I resolved and merged di-y reconstruction—=>access lower m,

EEEEEEEEEE

@In pairs from Hy,5 or X >aa or ¢ >yyyy [ A@)s «—search for both prompt and long-lived decays
cms,g; @ In pairs from pp=2>(H,,c)2a@a2puppup : «— —

'@ In pairs from VH s, H;ps >aa—>bbbb @ « Kinematic boosted decision trees (BDT)/ML
® SM-like (or not) scalar H (or X)>vy =2 &)

EEEEEEEEEE

% 'Dark’ Higgs boson s from Z*>Z'+s>yy + ob A@ Missing p; trigger—>lower m, resolved + merged di-b

@ Scalar and pseudoscalar h,A from Z*>h/H Attt (60-160 GeV) %
% Summary and Conclusion

% Acknowledgements

S. Gascon-Shotkin Catch22+2 , DIAS Dublin, IR May 1 2024 3



Light pseudoscalar a from H,,s2Za=2#yy (0.1-33 GeV) riss4s 202 13853

TL
e Merged (resolved) di-y categories
for m, < (>)2 GeV, with m,_ (AR(Z,y))

as discriminating variable

E+

* Backgrounds from Z+y
and Z+jets processes

* 95% confidence level limits

on B(H,,:=2Za, a=>vy)
between 0.08-2%.

* Corresponding CMS result: <~10*for 1<m_ <30 GeV pLs 852 (2024) 138582

— 1025 L “""‘T\V/“ ‘” Ay 7o R 3) A
- L B L B IR BN IR —_ i F LEP é I ]
E :: ATLAS ‘ data B ; :‘ T T T T TTT | T T T T T TTT | T \_ ‘> I ‘\///( | 4
10° £ s=13Tev 1397y’  —fitmode = L ATLAS e . 2 ol i
s F i% resolved category ... EF %?f“’“"d 3 T {s=13 TeV, 139" - expected = 10l .
- f i 9 . ® {0~ 'L 95% CL limits [ expectedz 1o | < s |
g L _ o ; H—Za, a—yy [ ] expected+ 20 ; — i ) |
L%) 10? - NT 3 . b; 100;_ (8—2)p _
: | SR S, T |
- i H . 5 1072k T T = “1L ‘ ATLAS 4
1 oy W ‘ @ E/ - 10 L @% ’ Vi=13TeV, 139 fo~! ]
= ; l|||"||| " || MHH ” g Cheeee ] [ 0)0 ’ 95% CL limits b
c : il L J - (’e H— Za E
: b I 2 o » :
B ] | | | ll = r | 10—2 ,%},) : « decays before L, = 33 mm _|
C.h A “".ll"lllll'lllr.... i e 3 %, . E
F ' ' " " j j 3 = 10° ."\‘ __.—"‘ 1 P ]
= o 118 O Y SO 1 0 g 3 [ % Conlih - 04TV ]
5'5 c 0 O r d 1()*3 = 77 |Conlin=08TeV™
8 ﬂ{ X - . | SN1987a — ICwliA=01 TV ]
~ —2:> ------------- 8 L - | [Corl /A = 0,05 Tev" |
20 25 30 35 40 1074 | Lo 10_4 T T T T I I
m;, [GeV] 107 10 10731072 1071 100 100 102 10° 10* 10°
m, [GeV] m, [GeV]

* ALP interpretation in
{m,, |C,,|/A} phase
space, for several
|C,y|/A values,
prompt decays only



Fraction of events

Light pseudoscalar

TLAS
EXPERIMENT =
o
T
(3]
e Search for prompt ;
or long-lived ALPs T
o
(C.,.>or<0.1) 5
ayy =
£
-
(4]
Q
o
S IS I B BRI I I L >
0.45F- ATLAS Simulation E
“E Vs=13 TeV, NN-Classifier 3
0.4 Single vs. Merged Photons =
E Merged Photons (H— aa, m_ =0.5 GeV, Caw=1) E
0.35 = Merged Photons (H- aa., m,=1.0 GeV, C, =1) E
0.3 ;_ - Single Photon (H— yy) _;
0.25 —
= = ®
02E E
0.15F =
0.1F
0.05
0 0.3 0.4 0.5 0.6 0:7 018‘ - IO!Q‘ I 171
[

Neural network output

Neural network to distinguish
single from merged
photons=2categories

—3

0‘08><1 O T ‘ T T T T T T T T T T T T T T I T T T T —_'

- ATLAS — observed .
0. 07  Vs=13TeV, 140 fb™ --- expected =
0.06_ Copy =1 0 (prompt decays) I exp. + 1o e

- 95% CL limits exp. +2¢ 3
0.05F —
0.045 =
0.030- =
0.02F- =
0.010-

0 : 1 1 1 ‘ 1 L 1 1 I 1 1 1 1 | L 1 1 1 I 1 1 1 [l 1 1 1 1
0 10 20 30 40 50 60

m, [GeV]
Prompt case: 95% confidence

level limits on B(H,,:=2aa, a=27yy) -
between 2 x 10 to 3 x 1072

Long-lived case: between 2-6 x
10> for 10 GeV < m_ < 62 GeV,
between 1074 to 3 x 1072 for 0.1
GeV <m, <10 GeV. Most
stringent limits to-date.

pair from H1259aa9yyyy (0.1-62 GeV)

arXiv: 2312.03306,

Subm EPJC
0!
o
g 2\{7
v

ATLAS
Vs =13TeV, 140 fb~1, H» aa -
CMS LbyL ?

ATLAS LbyL ?'

Beam dump

S —— Obs. limit |CE]f] = 10
) === Obs. limit |C5] = 0.1 3

SN1987a (g—2)y

105 E
107 E
-8 ul A ...:
10°E
10 10° 10°

m;[GeV]

* ALP interpretation in
{m,, |C,, |/A} phase
space, for |Cef L |={1, 0. 1}

S. Gascon-Shotkin Catch22+2 - DIAS Dublin. IR Mav 1 2024



CMS/| Light spin-0 boson pair from X2 ¢d=2yyyy (1.5-75 GeV) “"=me=o==o=

* 0.3<my<3 TeV, > ; ) ~* Most sensitive search of
0.5<my/m,<2.5%=>only merge x its kind at the LHC.

diphotons )
¢ 138 fo” (13 TeV)
0.025 35
; = CMS Prel/mmary
e 2 convolutional NN to regress merged = | s
: : . CMS Preliminary 138 fo™ (13 TeV 0.2 3
mass and classify with P{yy, v, hadron}: Y SEALL/N i s &
X—= 06— yry) —Observed 1 = i o
. 103 138 fb-1 (1 3 Tev) BR(q) — ’Y’Y)=1 000/0 E E E Exp.i-l Gexperiment g I o @
I T I T | T T | T I T | -—— GJ
< [CMS Preliminary C sl , ] = - T g 0.015 g
o r u?lata / mtnrue —0.98 é Failing region i by 15 8
~— » ; . 2
£ pde / e = 0.98 E z.5f > 0.020] VD 5 i 5
o data me — w 4 Lot : © 0.01 — ol U_)
> op*®/ o =0.81 b = ' c @
w 1 045 05 055 06 085 07 | ~ . @] [ 8
e as =Y m;. [GeV] | E ! —{10™ E l s ©
42 e 0.015 o R = -
i N P{YY}>0-9 <z = @ 0.005 -
Passing region e — 0 % : L ! o
e dam ' L :—LI =~ g 300 1000 2000 3000
exponential background from data 001? 'gx Exi i d my, [GeV]
LT gaussian fit to n peak from data > = 0
————————— gaussmn ﬂxmg W Oy from simulation 1 L b1 ig ¢ I—a rgeSt excess @
14 | 1 1 | | ] 1 ] | | 1 0 005 o Ml 1

0.4 0. 45 0.5 0.55 0.6 0.65 0.7

m, Gev) P m am o {my, m,}~{720,5.04} GeV,

m, [GeV] ‘

4 3.570 (1.070) local (global

° o A
95% confidence level limitson o, significance

* Validation with boosted N>y gr=100%: between 0.03 and 1.06 fb.

S. Gascon-Shotkin Catch22+2  DIAS Dublin. IR Mav 1 2024



Light boson pair from pp(>H)2aa=2>pppp (0.21-60 GeV)

CMS-PAS-HIG-21-004

* Model-independent search....

CMS Preliminary 59.7 b (13 TeV)
e B S e

CMS Preliminary 59.7 b (13 TeV)
T T T T e T

> b i CMS Preliminary 101 b (13 TeV) CMS Preliminary 137 b (13 TeV)
0" ' o oyl 47 R LI I i e B RS R LA RN R RRS RRA RS RARRE:
£ 1 % o P 5 = 0.5 95% CL upper limits 7| = 0.5 95% CL upper limits -
3 o o/ ° W &  —Observed ] & | —Observed ]
X o S 3B " - Expected 1 = [ -Expected ]
2 . /;/ S o 8 & 0.4 @1 std. deviation - & 0.4 =1 std. deviation —
S o R © | 42 std. deviation 1 1 [ |42 std. deviation i
E Oo///{é o, 0 g S i ] 3 B

g " T 03- 1 % 03 : s

L <l 2017 + 2018 < I Add 2016 prior
IS 3 0ol 1S oo result for lowest ]
oSS oty 07 . T I masses §
5t TN Select 2 isolated g - _J ﬁliﬁl | 8 | ]
‘o il | ¢ [ di-p pairs in ° 17 il —
- regimes avoid 07020 30 a0 506 R R S R S -
v Fe J/y, Y, enforce m, [GeV] m, [GeV]

EEEREEE ST Mass proximity: « g5 confidence level limits as a function of m, on ¢ x B2X
acceptance for pp—> : between 0.049 and 0.247 fb.
g, = g, | < W (g, +1,)/2) P PP HIHH

* Trigger without vertex constraint in 2018
—probe ¢t <100mm

S. Gascon-Shotkin Catch22+2 . DIAS Dublin, IR Mav 1 2024 7



E2B(ZD - SDﬁ)BE(SD — 2|J)

Vector Portal: ZDQSD?DQML
CMS Preliminary

101 fo-

1 0(

NMSSM 95%
---- mp, =90 GeV (Exp.)
— mp, =90 GeV (Obs.)

* Interpretations...
CMS Prejin

137 fb~' (13 TeV)

CMS Preliminary
AL S —

upper limits:
| +1 sid. deviation ]
+2 sid. deviation |

100
|— m,, =125 GeV (Obs.)

o(pp = h; = 2a1)B?(a; - 2p) [fb]

(13 TeV)

—

<
~l
T

LU

—

<
(0]
T

Vector portal model: |
95% CL upper limits

— mz, =110 GeV (Obs.)
mz, =140 GeV (Obs.

— mgz, =200 GeV
---- mz, =200 GeV (Exp.
[ +1 std. deviation

=2 sid. deviation

Exp.) 1
Obs.) |

I

{
(
(
{

~—

50

s 8I0 s
ms, [GeV]

137 tb~' (13 TeV)
o7 (18 Te

NMSSM 95% CL upper limits:
mp, =125 GeV (Exp.) B %1 std. deviation ]
+2 std. deviation |

25 15

Ma, [GeV]

o(pp - h; - 2a1)B%(a; — 2p) [fb]

o(pp - hj — 2a1)B?(a; — 2) [fb]

DarkSusy

(18

ho==—-

H

P

e

Related ATLAS search:
JHEP 03 (2022) 041

1077

Kinetic mixing parameter €

o]

10°

109

10—10_

S Gascon-Shotkin Catch?22+2 DIAS Dublin IR Mav 1 2024

1072

10°®

'Light boson pair from pp(=2H)=2aa=2pupu (0.21-60 GeV)

CMS-PAS-HIG-21-004

CMS Preliminar 137 fb™! (13 TeV
Y

NMSSM 95% CL upper limits:
10° [---- my, =150 GeV (Exp.) B +1 std. deviation 7
|— My, =150 GeV (Obs.} +2 std. deviation |

CMS Preliminary 59.7 tb™! (13 TeV)
E T T M T i REBE
: Wl |
?pp—>4|.l+X . 875 E

- O(pp — h)=48.93 pb

= B(h - 2ny - 2yp+2np) =0.05-10% E
: B = 0.05% B=1% i
B=0.1% B=10% ’
L L |
100 10
m,, [GeV]



https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2

Events / bin

Events / bin

i ,CMS Prehm.'nary 35.9-138 b (13 TeV)
EMS | V25, Myp577ad ) € g W=
- T 400 2HDM+S | R
i ) ' typem \ %
arXiv: 2403.10341, Subm JHEP @ 2L tanp=05 [
o /
-
Q
¢ 4b flnal state with 1-2 additional leptons fromWorzZ : J
10 138fb 13Te\f & —
NI T T 4 L e L Enhr LT TP PR PR
a5l CMS SH 3b echannel s
0 coe O Dsmen moss s ® N N, €vent categories with
30i— 7uli]iet 7—>7 " —_>v _i
S T, ™ - dedicated kinematic BDTs for W/ZH B oo ccoon 354,
25? *: === Expected exclusion 95% CL
3 - (discriminating variable) o RS e
E ] 104 .THEPaSBTEEZE; 139 THEPa?ﬂa(ZI(;‘L;:) o018
15— - H —aa — Ilbb H — aa — bbbb
- . 138 o' (13 TeV) s L, neEe neeeE o
108 B ?,1025' L R 2 3 4 5678910 20 30 40 50 60
E ] © - CMS . ] m, (GeV)
= = >~ Cc e Median expected CMS Prelimi Py
- E 8 Expected 95% CL =10 rewmnary 8591387 (13 TeV)
2128 P ? B Expected 86% CL | ‘; 10° 2HDM+S
dost , s 10 —— Observed - T 1o°p typelV
© o3 0z od 0 01 02 03 @ = 3 2 oif tanp=20
BDT score (3b, 3-4)) T C . s i
wemlneTey L B ] <.3102 ” )
1.6~ CMS SR, 3b: e channel - mJ;_ . g 10 /I\
14i —~Daa [ ]%yst+Stat. [ Other bkgs ] © 10 /v/ L
= z-1 Wi Dlt+cc ] =y 3 - i |
12 [ Ji+light == zH"(x50)  wo ZH"®*V(x20) — - ~ ] 107"
1:_ _: [ - 107 [ ] Observed exclusion 95% CL
- . - - 1073 === Expected exclusion 95% CL
0.8 — —] 10,4 H —aa — pppp H—aa — 1ttt
g L0 v T =~ —e—— ; T e L e
06~ = 20 30 40 50 60 10 JHEP 08 (2%20) 139 JHEP 11 (2?13) 018
r ] m, [GeV] 1078 H — aa — libb H — aa — bbbb
0.4= + : — HIG-22-007 HIG-18-026
L : o - -7 1 1 1 I [ | ] I 1 [
02_ i R 2 3 4 5678910 20 30 40 50 60
. m, (GeV)
e M+ 95% CL UL on oy, X B/ogy, : 1.1-0.36 . a
e VH SM * New exclusion in Types Il + IV
§0-8§ ' g
B | | 2HDM + S phase space :

S. Gascon-Shotkin Catch22+2 , DIAS Dublin, IR May 1 2024


https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2

CMS-PAS-HIG-20-002

CMS

[POSE

—

ATLAS

EXPERIMENT

Cartoon credit: L. Finco .
5 * Biggest
@ challenge:
misidentified
Z—>ee pairs
20 a0 110
m,, (GeV)
FMS. ?r'rlnu‘la{io‘n {Jrfeﬁ‘mrinqryl S 2018. CMS VetO
S ¢ —ocwa 1 tracks late or
E [ —DpymMmc mISSGd by
1 1 pixel
. 1 detector, but
004 1 spare
o0t 1 boosted
LA by, 1 events
0 2 4 6 8 10 12

In(}" p?/GeV‘?) of chosen vertex

CMS Simulation Preliminary 2018

0.006

0.005

0.004

0.003

0.002

IO .001

% 10 20 30 40 50 60 70 80 90 100
p“”/GeV

In(} pﬁ/GeVz) of chosen vertex

’ CMS  Simulation Preliminary

0.01

0.005

In(} p?/GeVz) of chosen vertex

0
00 10 20 30 40 50 60 70 80 90 100

pf/GeV

Events/0.01 [Arbitrary units]

Events/0.05 [Arbitrary units]

S Gascon-Shotkin Catch22+2 DIAS Dublin IR Mav 1 2024

ATLAS-CONF-2023-035

SM-like (or not) scalar H(X)=2yy (66 or 70 GeV<m, <110 GeV)

ATLAS: kinematical object BDT
w/conversion varlables

1.4 AR ERERE RS R
B ATLAS Slmulatlon Prehmmary E
1.0F Vs=13TeV — Signal (ggF, m_= 100 GeV) -
[ Converted-Converted — -7 See x ]
1:—|-| ----- Non-resonant 7y —
o.s_—II -
ol ]
0.6/ ]
| ;
0.4: [ |_| '
0.2: L H
Chitin, .
O | e
0 01 02 03 04 0 5 0. 6 0 7 0. 8 09 1

Minimum of Object BDT Scores

* Model-dependent case:
,object BDT-> diphoton BDT

- ATLAS Prellmlnary :
0.05 Inclusive — Signal (mH=60,80,100,120 GeV) +
TE e Non-resonant vy + ¥ j + jj ]
0.2 o —-Z-ee B
C ]'I ]
C [ . ]
015 | 'I -
: ] z
01 E =
- 4 ]
0.05— ¥ -
0 c - . "— g R

-1 -0.5 0 0.5 1

Diphoton BDT Score
P 10



CMS1 ) SM-like (or not) scalar H(X)=>yy (66 or 70 GeV<m, ;<110 GeV)

' ATLAS

EXPERIMENT CMS-PAS-HIG-20-002 ATLAS-CONF-2023-035
3 i .~  ~ 4 °* Model-independent:
o 1M Preiminay _132.2 17 (13 TeV) § § Mild excess: ~2.2c
3 \/ ; = ot 7 local significance at
S VA VAo VAVA e z m =71.8 GeV
T — R 120 O AmASPimtay _ongner
1072 = i X7y, T = NWA
E H N YY 10—33_ '''''''''''''''''''''''''''''''''''''''''''''''' =
USRS ST - e T e e 00 o
107 E m, [GeV]
L ——— Observed 13 TeV (2016) ° ‘ .
00 T ey E § * Model-dependent:
bserved 13 TeV (Run2) 7 140 g i . ~ .
N (Funz) : 8 oL | Largestexcess: “1.70
0% : local significance at
70 75 8 85 90 95 100 105 110 L
] m..=95.4 GeV
my, (GeV) 107 ?TLAS Preliminary — opserved E 7Y
F s=13 TeV, 140 fb’' ]
: Horr 1 ¢ 95% CL UL on o, X B:
° Modest excess: ~296 |Oca| (136 global) I R B | fid
. o o S N R B T 8_53 fb
significance at m,,=95.4 GeV 780 %0 100 110
m, [GeV]
e 95% CL UL on o X B between 15-73fb < ¢ 95% CL UL on o X B between 19-102 fb
Q Cacenn-Chatkin Catch29+42 DIAS Duhlin IR May 1 70(7En0de|_dependent) 11



ms [GeV]

> ‘Dark’ Higgs s from Z’*%Z +S22Y Y + bb (30 150 GeV)

ATLAS

EXPERIMENT

* Exclusions in {m; m,} plane:
Scenario 1: Z’-y (DM) coupling fixed

300

200

100

L L B BB B [
A N

ATLAS Preliminary
13 TeV, 140 fo!

e Vs = |
Limits at 95% CL -

... ~— Observed ]
e Expected

I
™
N
N

73000 3500

L L ‘ L
500

L m ‘ L 1 L ‘ L L L ‘ L L L ‘ L Il
1000 1500 2000 2500

mz [GeV]

Dark Higgs model
JHEP 1704 (2017) 143
Scenario 1

| 9a=025, o= 1
sin6=0.01, my =200 GeV
— E7™*+VV(qaqq)

PRL 126 (2021) 121802

Eiss L WW(qgtv)
JHEP 07 (2023) 116

ETiss 1 bl

Thermal Relic Density

S Gascon-Shotkin Catch22+2 . DIAS Dublin. IR Mav 1 2024

ATLAS-CONF-2024-04

§ -amsseamnay i e Signature: merged or
g o mmis | SR 1 resolved bb system, m,,
W 500 exactly 2 b-tags Z+jets - —; . .
400%— fZEZﬂEEE:B?ﬁ:c?qu"d = binned in Etmiss
08 ratenmamer 1o Backgrounds from tt
2075 = and V+jets
100 0et® i .
ol 4 Access lower m, with
: ;EE .'..--..-.--'-..-.v s wﬁg Et .. triggera nd
S e 0200 'r‘nz[séoew dedicated merged-bjet

* Scenario 2: Z'-y
coupling floats
to match the
relic density

* Largest
deviations for
m.~60, 130 GeV

m, [GeV]

220
200 |
180 |
1 60
1 40
120
100

80

(large R) tagger

Vs =13 TeV, 140 fb"

S(bb) + E_”r"ss, Scenario 2
Limits at 95% CL

ATLAS Prehmmary

T ‘ T T T T ‘ T T T T
= Observed Limit

= = Expected Limit
104 ]

12 0,y

20
2000 2500 3000 3500 4000 4500 5000 5500

m,. [GeV]
12



CMS

New h/H(9), A from Z*=2>¢ A>1tTT (100-300, 60-160 GeV)

CMS-PAS-SUS-23-007 } < T

- T
-,

* Categories with up to 41, + 1 with __cwseemnay 138 fo” (13 TeV) h/H < rt

20 —
. . . S o)
31, some subdivision in OS/SS & = . .
hayt =
m CMS Prefiminary 138 fo” (13 TeV) £ d Type X 2HDM Alignment Scenario 138 b (13 TeV)
c S S S - 2 ‘ 10 = 95% CL excluded:
@ WrEl=|l=|82] 8 g ¢ Observation g m CMS [ Observed I 68% expected
i MG IS PC U I 9 I:‘Z“jet—)‘fh 7 31 Preliminary Expected 95% expected
% % % 8 .Genuine T 6 g [ JHiggsTools-1
30p sl E] = S [ orner 5 l_ 95% CL allowed:
el=z|z E [ Bkg. unc. 4 o m, = 100 GeV [ ] Muon g-2: Phys. Rev. D 104, 095008
— H{200)A(160) m o 200_ T T 1 T T T T 1 — 1 T T T 1 ' L m
20 @0.01p0 3 % & 180F 8-
2 ® b E
2 E 140~ —
5 :
o < 100F ~
6 fb o = =
] 000 80 100 120 140 160 | 2 - S
4 - ]
8 m, (GeV) 10 =
* 95% CLULon o XB?:from 1.4 i ]
1 1 | | | 1 | 1 1 | [ | l 1 I 1 1 |
fb at m,, m,, = {160, 300} GeVto e 80 100 120 140 e \})60
m e
S 20 fb at {60, 100} GeV A
i DISCFImInatIng Var|ab|e. * Muon g_2_a||owed region Ta Type X
N _ ‘ TP,
mfrc.t:\l 3 et Y (‘lepton-specific’) 2HDM excluded
ij=1;i<j S Gascon-Shotkin Catch22+2  DIAS Dublin IR Mav 1 2024 13



CMs, | . .
é( Conclusions and Perspectives

No evidence for the existence of extra Higgs bosons has been found so far by CMS and ATLAS.
Only 1 result presented here not performed with Full LHC Run 2 data set

Perspectives for Run 3 (2022-2025): Hope for ~250fb! =» Double the discovery possibilities!
HL-LHC: Starts ~2029, expect 3ab!

LHC HL-LHC

[ st | ey BEE 136 Tev  [IAD 13.6- 14 TeV
apl S Diodes Coneolidation
ice conaolidation irmi LIV installati
7 TeV 8 TeV button collimators m o innei tiiplet HL-LHC
— R2E project Givil Eng. P1-P5 piot beam radiation fimit installation

T T T mm-unmm
5to 7.5 x nominal Lumi
ATLAS - CMS
expariment upgrade phase 1 ATLAS - CMS

—_— 2 x nommnal Lumi 2 x nominal Lumi .

nominal Lumi 2 nomnal Lumi, ALICE - LHCb I

75% nominal Lumi /— e
~ o - BB

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY % 3 | PROTOTYPES / CONSTRUCTION ‘ INSTALLATION & COMM. HH PHYSICS

https://hilumilhc.web.cern.ch/content/hl-lhc-project Feb 2022
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https://hilumilhc.web.cern.ch/content/hl-lhc-project

c.hro er...the CATCH22+_ Org rlmécme)f»i-*'




