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LHC di-photon excesses
Associated production at the LHC
Flavored aligned 2HDM (A2HDM)
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CP violation and EDMs
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Scalar sector

* Minimality of the scalar
sector of the SM not
guaranteed theoretically

* Scalar extensions common
to multiple NP models

* Electroweak (EW) scalars must
play a sub-leading role in EW
spontaneous symmetry breaking
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Di-photon excesses
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Hints at 95/98 GeV [ indusive searches -
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Hints for New Physics at 152 GeV

No significant excess in Interesting excesses inyy + X
inclusive yy searches (X represents additional
_goMs 13717 (13 Tev) particles in the signal regions)
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https://arxiv.org/abs/2301.10486
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ATLAS: H —» yy + X

[ATLAS]

* ATLAS search for associated production with full Run2 data
* SMsearch for H - yy + X (m,,, = 105-160 GeV)

* 22 categories (X = l,j,jb,E;lm'SS ..)

Target Signal region Detector level Correlations
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Emiss > 200 GeV
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Excesses atm,,,, = 152 GeV

[ATLAS]
L ] > 50—!— T I T T T T I T T T T I T T T T I T T T T I T T T —
¢ yy + lb (2 1l ) 2 1b_] et) ) - ATLAS ¢ Data ]
miss 2 40:_ S\I’EF:IQS TeV, 139 fb" Signal+Background ]
° y B o 7]
yy + ET > 1 O O GeV P - S4B fit Total background ]
5 - -~ - Continuum background
cyy+1t G % |
%120_'I""I""I""I'"'I""- 20_
g ATLAS Preliminary ¢ Data C
o g0l s = 13TeV, 140fb™ =—SM HH x 100 10k
B ; - -
= Yy +T Single Higgs C
L%’ BDT Loose I yy-continuum a -
80' _Fi K i 1 PRI BT PR T T ST T T T T Y S N SN ST ST SN AN SO SO S
= Post-Fit 77 Uncertainty 0"“f10 120 130 140 150 _ 160
S m,, [GeV]
o
-g % _l IAITILAISI T I T T T T I T T T T I T T T T I T T T T ]
2 O o250k ‘T ., ¢ Data ]
o o - ls= 1n135'sl'eV, 139fb" Signal+Background ]
= N - SR:ET**>100 GeV Total back P 1
@ 200 s+Bfit 7 otal backgroun -
S = --- Continuum background
> C ]
i ; W 150F
% 1.25 ] C
E +’-/+‘/*-ﬁ///”-ﬁ// 9’-/‘///+‘»-A/r’>’-f/ w+4/r;f-/‘ 7 /y+/ EERPR R C
g 0.75 + ‘ ++* +**¥{ * ] 100:—
’ 110 120 130 140 150 160 C
m, GV 0 :
O:I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
110 120 130 140 150 160
m,, [GeV]
Guglielmo Coloretti ASSOCIATED PRODUCTION OF HIGGSES IN 2HDMS 8



https://arxiv.org/abs/2301.10486
https://inspirehep.net/literature/2791857

Excesses atm,,,, = 152 GeV

[ATLAS]
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Excesses atm,,,, = 152 GeV

[ATLAS]
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NO excesses atm,,,, = 152 GeV

[ATLAS]
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NO excesses atm,,,, = 152 GeV

[ATLAS]
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Associated production




(Asymmetric-) associated production

[ATLAS and CMS review]

* Provides a yet unexplored Searches at Suffers from

window on new physics high energy 1

* Additional particles required in ;77T emmm oo e e oo .
SmaII cross sections | i

the signal regions (on top of the Lo o2l 0
decays of the NP candidate)

Searches at Swamped by

low energy j
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(Asymmetric-) associated production

[ATLAS and CMS review]

* Provides a yet unexplored Searches at Suffers from
window on new physics high energy 1
° Additional particles requiredin o7 mmTom oo e e oo 1|

the signal regions (on top of the _SiT_a_"_ffgis_fffE'P_'ls_'

decays of the NP candidate)

Searches at swamped by
* Reduced SM background and low energy j

enhanced NP sensitivity
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(Asymmetric-) associated production

[ATLAS and CMS review]

* Provides a yet unexplored
window on new physics

* Additional particles required in
the signal regions (on top of the
decays of the NP candidate)

* Reduced SM background and
enhanced NP sensitivity
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(Asymmetric-) associated production

[ATLAS and CMS review]

* Provides a yet unexplored
window on new physics

* Additional particles required in
the signal regions (on top of the
decays of the NP candidate)

Drell-Yan production

* Reduced SM background and

s Possible explanation of th
enhanced NP sensitivity ossible explanation of the

152 GeV excesses:

---------------------- real Higgs triplet
'  Future lepton colliders! | ' (preferred over SM by ~ 40)

[S. Banik, GC, A. Crivellin et al.]
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Real Higgs Triplet
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Real Higgs Triplet

- Br(A® > yy) =~ 1% preferred over SM by ~ 40
* SFOPT induced within our benchmark points (eandvopadnyay etal)

[S. Banik, GC, A. Crivellin et al.]

00l [Combined] E
X — Best fit
2 1'55 A +1/20
T o1op
< [
A 0.5F
ﬁ NI Y
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A2HDM & CP-violation
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Associated production of Higgses

Tiny couplings
to fermions

Tiny VEV

Suppressed GF
Suppressed VBF/VH

, Higgs/Flavor bounds
Alignment
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2HDMs and Drell-Yan

Yoo p K1 Suppressed GF
(Pgy) = v, (Pnp) K 1 Suppressed VBF/VH

Small mixing Higgs/Flavor bounds
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2HDMs and Drell-Yan

Yoo p K1 Suppressed GF
(Pgy) = v, (Pnp) K 1 Suppressed VBF/VH

Small mixing Higgs/Flavor bounds
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2HDMs and Drell-Yan

[J. Haller, A. Hoecker et al.]

Yoo r K1 Suppressed GF
(Psy) = v, (DPpp) K 1 Suppressed VBF/VH
Small mixing Higgs/Flavor bounds

* Difficult to obtain sizable di-photon branching ratios
with Z, symmetries (type |, type Il, etc.)

*  Composite Higgs? Relaxing Z, symmetries?
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A2HDM

* Yukawa’s of ¢; x Yukawa's of p, = NO FCNC

Ly =—QpYa(é1 + C_dCbQ)dR — QrYu(1 + C_ZQBQ)UR
_ ZLYE(le i CEQSQ)KR + h.c. {f < 1 — suppressed GF

(small mixing)
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A2HDM

* Yukawa’s of ¢; x Yukawa's of p, = NO FCNC

Ly =—QpYald1 + Caga)dr — Qp Yul(dr + (ido)ur
_ ZLYE(le i C@CbQ)ER + h.c. {5 < 1 - suppressed GF

(small mixing)

* No Z, symmetry imposed = A4 and A terms allowed
V =Vz, + De(6ld1) + M (6502)| 0] 65 + hoc.

Guglielmo Coloretti ASSOCIATED PRODUCTION OF HIGGSES IN 2HDMS


https://inspirehep.net/literature/841681

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

* Yukawa’s of ¢; x Yukawa's of p, = NO FCNC

Ly =—QpYa(d1 + Cat2)dr — Q. Yu(d1 + Cid2)ur
_ LLYE(le + C@CbQ)ER + h.c. (f <1 — suppressed GF

(small mixing)

* No Z, symmetry imposed = A4 and A terms allowed
V =Vz, + De(6ld1) + M (6502)| 0] 65 + hoc.
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A2HDM: CP-violation

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

* CP-violation of the model
(Baryogenesis?)
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A2HDM: CP-violation

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

* CP-violation of the model
(Baryogenesis?)

* R[] / I[Ag] drives Br[H / A — yy]
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A2HDM: CP-violation

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

* CP-violation of the model
(Baryogenesis?)

* R[] / I[Ag] drives Br[H / A — yy] g

* Correlating Br[4 — yy] oob00 ¢ E /1t
with EDMs?
s ,;P"oogo"\\:—‘}(
[ df ﬁa‘“’p”ysq (- ? d > >
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Higgs basis

* Higgs-flavor symmetry: U(2).,,®, = &,

[S. Davidson, H. Haber]

° (@1) — U, <(I)2> T 0 . )\Z < Zz

Suppressed VBF / VH (small mixing)

* Explicit treatment of CP-violation
(25 7¢) = S(2527) = (25 Z7) = O

ielmo Coloretti ASSOCIATED PRODUCTION OF HIGGSES IN 2HDMS
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E D M S [M. Jung, A. Pich]

* Electron gives stringent bounds (103%e cm™)

* Projection for neutron and proton are also
considered (10%%/10%° e cm™)

d,, =+ (0.78 £0.03)dy — (0.20 £ 0.01)d,,

~ ~

— e(1.1 £ 0.55)dg — e(0.55 & 0.28)d,,) + e(50 £ 40) MeV dg

* RGE improved chromo-
magnetic contributions

* Analytic results

[W. Altmannshofer, S. Gori, N. Hamer, H. Patel]
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AQ”*Eth14152 — VYV

0.4
= 0.1% < Br[A — 9] < 0.5%
—0.5% < Br[A — v9] < 1%
0 wl% < Br[A — 7] < 4%

ald.] <4.1x 107" e em
Sldy) <107 € em (prospect)

~|d,| <107% e cm (prospect)

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

m h H A | H*

[ATLAS]

[GeV] | 125 | 200 | 152 | 130

u=¢Ca=¢=¢€ER

612 — 10_3
013 — 623 — 10_2

Zz —_ _Z3 —_ 02
R[Z,] = 0.1

HiggsTools, perturbativity,
vacuum stability

Guglielmo Coloretti
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lAZF“DhA:/llSZ'*>)CV

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

0.4 ]
~ 0 0.1% < BrlA — vv] < 0.5% m I g4 | e é
0.5% < Br[A — 7] < 1% .
0_3; 1% < Br[A — vv] < 4% [GeV] | 125 | 200 | 152 | 130

ald.] <4.1x 107" e em
Sldy) <107 € em (prospect)

u=¢Ca=¢=¢€ER

612 — 10_3
013 — 623 — 10_2

~|d,| <107% e cm (prospect)

(f < 1, 0‘] K1
= DY production

Zz —_ _Z3 —_ 02

R[Z,] = 0.1

HiggsTools, perturbativity,
vacuum stability
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A2HDM: Ags — Yy, Hog — bb

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

0.2 7
K =ld,| <107 e em (prospect) m ho | H| A|H® ¢
|d,| <107% e em (prospect) [GeV] | 125 | 98 | 95 | 130
- ATLAS + CMS
U.l:— Du’y’y,% " (10)
: g0 TN (20) * Gluon fusion contribution:
S WS — (4= =0, { ER
L prnsm(20) 4
. - LEP
~ O'Oifbfb’_gf(_li)_i_ ________________________________ © 012 =0.25 (ubggg
pzzsu(lo) | 013 =107%,0,3 =3 x 1072
_0'15_ © Zy=—73=0.2
09 i a1 .. © HiggsTools, perturbativity,
—1.5 —1.0 0.5 0 0.5 1.0 1.5

vacuum stability
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A2HDM: Ags — Yy, Hog — bb

[S. Banik, GC, A. Crivellin, H. Haber - IN PREPARATION]

0.2 -
=ld,| <107 e em (prospect) m ho | H | AJHS ¢
|d,| <107% e em (prospect) [GeV] | 125 | 98 | 95 | 130
- ATLAS + CMS
(]‘1:_ CHeyn 95 (10)
: g0 TN (20) * Gluon fusion contribution:
S WD — ¢a=3 =0, ¢, ER
L M’}"‘/,SM(ZU) l
5 0.02 5 e(lo . _ LEP
> _‘_{Lfb’_gﬁ(___)_i_ ________________________________ 012 = 0.25 (ﬂbE,gs
\MZZ.S\IUUH 0,3 = 10_2,923 =3 x 1072
_0.1:_ ¢ Z2 — _Z3 = (0.2
- (uw #0=
a bit of GF ) SR[Z7] =0.1
in addition
09 i a1 .. © HiggsTools, perturbativity,
—1.5 —1.0 0.5 0 0.5 1.0 1.5 vacuum Stablllty
S[Z7]
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tt distributions as a probe for NP

[ATLAS]
< _"'A'T}_As"w'"'|""|""|""\""|""_
8 - ) e Data T e ———
=, /s =13 TeV, ! --a +Her7.1. 1
St - pogmoer1a |1 | “No model can describe all |
= C - --- Powheg+Pythia8 ]
3 'I' *len - Powheg+Herwig7.1.3 | | | measured distributions within 1
© ; - aMC@NLO+Pythia8 1 ] C ) |
2 00y L L Coregrimeseviy | their uncertainties. :
- _— Stat @ Systermor 3 ' ATLAS 2303.1534 :
107 = =
10°° = —
5
O
= . ) 1, | l | |
=500 00500600700~ 800
m™ [GeV]
r T e e e e mmmmmmm—m———— :
I*  Higher order corrections? Toponium? |
| . . .
i+ New Physics pollution of this SM measurement? |
e e e e e i — — — — — — — — — — — — — — — — — — — — — — — — — o o ] |
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95 GeV and 152 GeV excesses?

[S. Banik, GC, A. Crivellin, B. Mellado]

W
o

Sos — VY (20)

N
(&)}

- N
(&) o
1T T T T

Sos — 7 (10)

* Sg5: SM singlet mostly

a(pp — Hogg — AOS% — W+W_bg) [pb]

decaying to bb e

. AO. : i |
A": real Higgs triplet ol T T —
mostly decaying to WW mp0[GeV]

: Consistent with the 95 GeV yy signal
|strength and a mass for A? of 152 GeV
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Conclusions and Outlook

*  Asymmetric associated production of scalars is
a prominent signature to look for NP at the LHC

*  A2HDM achieves sizable Br[H/A — yy] and can
be correlated to EDMs (Baryogenesis?)

*  A2HDM provides explanation of the diphoton
excesses at 95 GeV and 152 GeV
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Conclusions and Outlook

*  Asymmetric associated production of scalars is
a prominent signature to look for NP at the LHC

*  A2HDM achieves sizable Br[H/A — yy] and can
be correlated to EDMs (Baryogenesis?)

*  A2HDM provides explanation of the diphoton
excesses at 95 GeV and 152 GeV
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BACK UP SLIDES
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Drell-Yan production

New Higgses mostly produced via Drell-Yan
at the LHC must have specific properties

Transform non-trivially
under SU(2),

No direct (or tiny) Yukawa
couplings

Have small vacuum
expectation value

Small mixing with the SM
Higgs boson

—

Gauge interaction with SM
fields

Suppressed gluon-fusion
production

Suppressed VBF and VH
production

Bounds from Higgs data
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Minimal model
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Real Higgs triplet

[S. Banik, GC, A. Crivellin et al.]

JAN 3 0

* Fields = neutral A?, charged A*

* Parameters = (A) = v,, ap
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Real Higgs triplet

[S. Banik, GC, A. Crivellin et al.]

JAN 3 0

* Fields = neutral A?, charged A*
* Parameters = (A) = v,, ap

Vacuum
expectation value Mixing angle between
of the triplet A SM Higgs h — neutral component of the triplet A°
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Real Higgs triplet

[S. Banik, GC, A. Crivellin et al.]

No direct coupling to SM fermions:
* Gluon fusion x ap K 1

*  Flavour effects o« =2 « 1

* Fields = neutral A?, charged A*
* Parameters — (A) = v, ap vsM

Vacuum
expectation value Mixing angle between
of the triplet A SM Higgs h — neutral component of the triplet A°
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Real Higgs triplet

~152 GeV mostly
produced in
association (AP)

[S. Banik, GC, A. Crivellin et al.]

SU2), | U(l)y
JAN 3 0

* Fields = neutral A?, charged A*
* Parameters = (A) = v,, ap

Produced in AP
via Drell-Yan (DY)
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Multi- lepton anomalies i

[S. Banik, GC, A. Crivellin et al.]

Real Higgs trlple/ty

~152 GeV mostly No room for NP
produced in at =152 GeV
association (AP) in ZZ butin WIW
[ | * J

SU2) L
JA 3

U(1l)y
0

* Fields — neutral A?, charged A*
* Parameters = (A) = v,, ap

v

Produced in AP
via Drell-Yan (DY)

A°WW butno AYZZ
(tree level, ay = 0)
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Real Hi triplet o=  Muli- epton anomalies
ea Iggs rI p e/ [S. Banik, GC, A. Crivellin et al.]

~152 GeV mostly No room for NP W mass
produced in at 152 GeV (1.4/3.50 over SM
association (AP) in ZZ butin WW w/o CDFII)
[ | * J

SU2) L
JA 3

U(1l)y
0

* Fields — neutral A?, charged A*
* Parameters = (A) = v,, ap

v

Produced in AP
via Drell-Yan (DY)

A°WW butno AYZZ
(tree level, ay = 0)

vp = 2.3/3.4 GeV
(Mpo = my+)

[T. Blank, W. Hollik]

Guglielmo Coloretti

ASSOCIATED PRODUCTION OF HIGGSES IN 2HDMS



https://inspirehep.net/literature/2753881
https://inspirehep.net/literature/2632801
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The ASM model

* Production cross section
and Br(A*) fixed

[S. Banik, GC, A. Crivellin et al.]

* Free parameters:
Mo 5+ , Br(A” = yy)

1.2
i [\/E =13 TeV]
1OR
2 08 g
= :
o L
fg 0.6 .E?
. 2
w =i
g 04f :
S I =
0.2+
PR N S NN I T T S T [N T T T Y Y SO SO SO S N S S B e s gu g n [aowas Lo g9 g w5
110 120 130 140 150 160 110 120 130 140 150 160
ma [GeV] ma [GeV]
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Fit: AO % yy [S. Banik, GC, A. Crivellin et al.]
Wﬂ:/Ai ~ r:'rf

For the fit, all parameters
subsumed into single relevant

|
|
|
|
|
|
|
phenomenological one

(although explicit formulae

| used to compute, for instance,
: bounds on SM h — yy)
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Results: A - yy + X

- Br(A® > yy) =~ 1% preferred over SM by ~ 40
* SFOPT induced within our benchmark points (eandvopadnyay etal)

[S. Banik, GC, A. Crivellin et al.]

20 - [Combined] -
X — Best fit
2 L5 g A +1/20
T o1op
< [
A 0.5F
A . ! W
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Results: A - yy + X

- Br(A® > yy) =~ 1% preferred over SM by ~ 40
* SFOPT induced within our benchmark points (eandvopadnyay etal)

[S. Banik, GC, A. Crivellin et al.]

00l [Combined] E
X — Best fit
2 1'55— A +1/20
T o1op
< [
A 0.5F
ﬁ NI Y
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Simplified model analysis

S. Banik and A. Crivellin]

5 -
; BR(Sg, — tb) = 100% /

BR(S150 — v7) x o(pp = S152555)/(92 fb) [%]

5_ 7 2

BR(SE, = WZ) = 100%

5_

T

BR(S$, — 7v) = 100%

BR(S150 = 77) % o(pp = S1505150)/ (92 h) [%]

>4 b

— EL _>100 tiep

,,,,,,, B > 200 I

e > 27
_______ 2 Combined
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Simplified model analysis

5 e ‘5 ¥ rii
i BR(S;5, — th) = 100% / r [ BR(S$, — 7v) = 100%

[S. Banik and A. Crivellin]

10 0 2 4 6 8 10

0 2 4 6 8
B 2 ) X 2lpp 2SS A2 WP BRSm = 97) X olp = 510550/ (92 D) [7]
5 r 7 F - I
: - BR(SE, = WZ) = 100% :
1 3
I : — > 4j b
: M I — EL_ >100 tiep
|
: ! - ET_ > 200 Ir
: : e > 27
| : ....... 20 Combined
| ] | I I ‘
I 0 2 1 6 8 w0 |
L |
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Simplified model analysis

5 e ‘5 ¥ rii
i BR(S;5, — th) = 100% / r [ BR(S$, — 7v) = 100%

[S. Banik and A. Crivellin]

10 0 2 4 6 8 10

0 2 4 6 8
B 2 ) X 2lpp 2SS A2 WP BRSm = 97) X olp = 510550/ (92 D) [7]
Sr 7 _b - |
: - BR(Sj5, = WZ) = 100% :
I P Y
I : >4 (b
: S I —ET_>100 i
|
: < | e Bl > 200 I
| Y- >or
1 : _______ PR - Combined
| ] | I I ‘
I 0 2 1 6 8 w0 |
L |
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Simplified model analysis

5 e 5 ¥ rii
i BR(Si, — tb) = 100% / r / BR(S$, — 7v) = 100%

[S. Banik and A. Crivellin]

0 2 4 6 8 10 0 2 4 6 8 10

1 == FE 2 2 2o o) WARDWL_,  BR(Si= ) xolop = Sl /(92 )
b |
: - BR(SI%,,D — WZ) = 100% :
I H )
1 : — > 4j b
: M I — EL_ >100 tiep
|
| “ | e Bl > 200 Ir
| Y- >or
1 : _______ PR - Combined
| ! | I I ‘
I 0 2 1 6 8 w0 |
L |

'W=*Z leads to too many leptons -

h-----------------------------
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Scalar potential

* Vacuum stability and perturbative unitarity in slight
tension with other phenomenological observables
* Pointing to additional fields at or above the EW scale

Br(AY — v7) = (0.50-0.90)%.1¢ Br(A% — vv) = (0.31-1.11)% .20 Br(A” — v7) = (0.14-1.35)% 30
W hoyy(e) B hoay(20) h— 77 (30)

[S. Banik, GC, A. Crivellin et al.]

perturbative unit _ derturbative 1

vacuum stabili
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Real Triplet: individual SRs

rrr-rr s rrrrp1 v 1 [ 1 1 1] 14 T T 7T T
L4ar —— Best fit C
C . [ I ] C
- - O' - R =
X C ] X ok
—Lop 3 =
- F : B
$0.8Z— 1 <5
_: ] T 6L
= 06F = o L
a ] 4
A 04F 4 &5 1F
0.2 . 2F
0.0 OAI )
120 130 140 150 120
mao [GeV]
b7 7
L —— DBest fit
sE(SR: 2r -
S S B
/—\4_ 7 —
oL i '
o o
[aw] [aw]
— \Q._/
m aa
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Real Triplet: individual SRs

b 7 lbprm—r——r 77 ]
L —— Best fit A 14: —— Best fit ]
5— L I - F[SR: 4 . o
g L 20 4 glg_— 20 .
4 - C ]
= = 10p
o | i oot
13 1 1 sB
o B T o C
Tk 1 4
ol 1 A af
2:;_1_1_‘
0 0 ——l
120 130 140 150 120 130 140
mao [GeV] mao |GeV]
40 LI B B B I BN R B B H L L 30 T T T [ T T T T | T T T T [ T 1T
. l_' —— Best fit 7] - —— Best fit A
O . = .
[[SR: B > 100 Gev | W 1o ] 251 SR B > 200 Gev | W 1o 5
3.0F 20 — 3 20 J

120 130 140 150 120 130 140 150
mao [GeV] mao [GeV]
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3 and 4 — leptons bounds

[In prepation...]

*  Multi-lepton searches with 3 and 4 leptons as final states
are not excluding a real Higgs triplet at low masses

BLOZ, B < 50 GeV, miyy € 200 — 400] GeV.

[Mﬁamm>m%mmm>www]

N N T N T T T I L PR [P T 1 1 [ B
120 130 140 150 160 170 180 190 200 120 130 140 150 160 170 180 190 200

MA0 = TMMA+ [Ge\/] MA0 = TNA= [GGV]
[ATLAS]
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WW analysis

No dedicated BSM search for gg - H - WW with full
luminosity and including 90 GeV for the range of my

[GC, A. Crivellin et al.]

CMS and ATLAS analyses available for SM Higgs (135 fb™1)

$

Re-casting analyses to search for new
scalars g

Simulation with
MadGraphs_a MC@NLO i
(Pythia8, Delphes) Lo LA
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WW results

* Observed limit is weaker than expected over the whole
mass range (room for BSM > 20)

[GC, A. Crivellin et al.]

—_
o

N 20 |
0 1o
M best fit

o
oo

o O
B (o))

O
N

O
o

120 140 160 180 200
my [GeV]
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WW simulation efficiency

GC, A. Crivellin et al.]

3.0F |® ATLAS
B CMS Pr2 < 20 GeV
L | @ CMS pro > 20 GeV

2.0}
=t
Y 15¢
v :
1.0F
0.5F

00-'- 1 ] L L 1 ] L L ] | : . ! 1 1 ] L 1 ] L L 1

100 120 140 160 180 200

my [GeV]
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2HDM Type-I: Results

[S. Banik and A. Crivellin]

100
< o0 m h | H| A | H*
/S‘“ L
fl: 80 [GeV] | 125 | 152 | 200 | 130
E@ 70~
= ol ca—p=mn/2
60|
A * tan(B) = 20
Los0- © my, = 1100 GeV
2
SR Py = 100% i
=2 ) 1© Br[A->W=*H"] = 100% 1
T sodfriee s /// 7 T ! :
48 /)':° Increased significance I
m I N A A S S ——— I . o fe l
S A (el Ty L et simplified model | ¢
A 104 // =---4 Type-I-like Bl:?b ------ e e -
T — :HJ—’—>cscanbenumericallysizable :
! 1 ’ - =" but small impact in all signal regions |
--------- ut small impact in all signal regions
BR(Hiz — v7y) x (1 —'BR(ngn — ¢s) H%T R L e el Sl
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2HDMs: flavor bounds

Two-Higgs Doublet Model, Type | Two-Higgs Doublet Madel, Type Il
ﬂ_ 4 T T T I T T T T | T T T T I T T T T | T T T T | T T T T I T T T ] m_' I‘fl T T I 1|. LI | T T 11 I LB / LI I T T 17T | L I T 1 1]
c C - c 45 J . —
o 35 95% CL excluded regions = = 95% CL excluded regions 3
u I B - Xy = 40 I B — X,y =
= [ 1B —um = LB~ ]
= 35 B — v =
[ B, — ] B0, - v -
2.5 [ am, 3 3o S S D, — v -
e Amy - e B(K = w) [ B (m — pv) 3
3 25 -
2 - ; -
3 20 £ -
1.5 3 3
- 15 —
1 10 —
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PRI T T [N S M I I | T R B B |E
200 300 400 500 €00 700 200 300 400 500 €00 700 800 900
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Two-Higgs Doublet Model, lepton specific Two-Higgs Doublet Model, flipped
ﬂ_ 4 [ T T T I T T T T | T T T T I T T T T | T T T T | T T T T T T T ] ﬂ | T Trrr I L | L L I T I:
c C ) ] c 9 . —
8 35 95% CL excluded regions = 3 95% CL excluded regions =
T E I B - Xy ] 8 I B - Xy =
r B, — - 1B —pn =
S & — B —
- = 7 [ B, — un .
[ B, — ke = 3 am, E
25 [ am, = B - Am, =
[ A — ]
m, . 5 -
2 — J
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- 3 =
1 E 3
2= —
0.5 1 =
o vl | —— e et rr—t—r——— | i, ]
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A2HDM: flavor bounds

Bl B-X.y95%
Bl B.-utu- 95%

Bl Tree-level combined 95%
Bl All Flavour 95%

m AMg, 95%
W R, 95%
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2HDMs: EW precision

Two-Higgs Doublet Model

~ 1000

O, 900

800

700
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500
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200 300 400 500 600 700 800 900 1000
M, [GeV]

Guglielmo Coloretti ASSOCIATED PRODUCTION OF HIGGSES IN 2HDMS




A2HDM: EW precision

mmm STPDG-My, 95%  mmm ST CDF-M,, 95% Eﬂtl

300
200 1
% 100 4 % % b
Y e Y
T 0 T T
g S g
[ , [
= < =
€ —1001 £ IS
—200 A 1
_300 T T T T 1 T T T T T T T T
—300 200 100 0 100 200 300 —300 200 100 0 100 200 300 —300 200 100 0 100 200 300
my —my= (GeV) my —my= (GeV) ma—my= (GeV)
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FCC-ee prospects

Courtesy of Rebeca Gonzalez Suarez

* Scalars produced in associated production via DY are a
prominent candidate for FCC-ee

FGC-ge

= 16 years, 4 IPs

possible

= Stringent experimental
requirements

FCC feasibility Mid-term report -

Deliverable #8, physics and Experiments

integrated
luminosity per year
summed over 4 IPs
corresponding
to 185 days of
physics per year
and 75% efficiency

all the data of

LEP1 in minutes

7 T |7
200 — ' —
8 o 7
> [ z / ww i ZH / Top il
= 5 x10 1 <10 1 o
TN g S / ! /
= Flexibility in the run scenario: = F / : / .
in order and operation periods. 3 i / 5 / .
- O 100}— / : / i
= Additional runs, e.g. 125GeV  § | / / i
: / /
[0 HE i i
= % /
0 L % //A‘ %
0 2 3 4 5 12 13 14 15 16
Years
Working point Z, years 1-2 7, later WW, years 1-2 WW, later 7ZH tt
Vs (GeV) 88, 91, 94 157, 163 240 340-350 365
Lumi/IP (10** em™2s™1) 140 10 20 5.0 0.75 1.20
Lumi/year (ab™1) 68 4.8 9.6 2.4 0.36 0.58
Run time (year) 2 2 3 1 4
1.45 x 10° ZH 1.9 x 10° tt
Number of events 6x10'2 7 2.4 x 108 WW + +330k ZH
45k WW — H  +4+80kWW — H
Rebeca Gonzalez Suarez (UU) - PSI Particle Physics Summer School 2024 76
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FCC-ee prospects

Courtesy of Rebeca Gonzalez Suarez

* Scalars produced in associated production via DY are a
prominent candidate for FCC-ee

FGG-ge

FCC feasibility Mid-term report -
Deliverable #8, physics and Experiments

‘%‘ 200 :ll F T T T ]
= -I (] T =t
>
= 16 years, 4 IPs £ I é Top i
e |
= Flexibility in the run scenario: g I ' i
in order and operation periods. 3 L =
° ] : .
oas o 100
= Additional runs, e.g. 125GeV 3 L 7 i
possible > [ 5
— -l —
. . C
= Stringent experimental = ¥ v i
requirements 1 f o
0 ,.: A ] ] ]
P Years
Working point Z, years 1-2 7, later WW, years 1-2 WW, later 7ZH ', tt ‘\
P e V3 (GeV) 88, 91, 94 157, 163 240 " 340350 365 \
“'I‘O"(’r‘i;o;dﬁf\ Lumi/IP (10** em™2s™1) 70 140 10 20 5.0 \ 0.75 120 |
{0 185 cay Lumi/year (ab™1) 34 68 4.8 9.6 2.4 \ 036 0358 /
physics per year Run time (year) 2 2 2 3 &1 4
and 75% efficiency - -
1.45 x 106 ZH 1.9 x10%tt
Number of events 6x10'2 7 2.4 x 108 WW + +330k ZH
all the data of 45k WW — H  +80kWW — H
LEP1in minutes Rebeca Gonzalez Suarez (UU) - PSI Particle Physics Summer School 2024 76
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Real triplet at the FCC-ee

* Only Z*/y™ s-channel

- Suppressed A°A° production for a real triplet

* Pair production of the charged components

0.4 [\f — 350 Ge\/]

0.3

0.21

cross section [pb]

0.1%

0.0 0 e
110 120 130 140 150 160
mA[GeV]
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6f + 2v at the FCC-ee

* The decay AT - W*Z leads to a 6£(+ MET) signature

i Events expected in the ASM model
‘ete™ - AT AT— 6¢ 4+ MET = 46

* Log-Likely-hood ratio yields y? =~ 80

- g(ete™ - At AT) could be measured at = 90
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