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MOTIVATION

Several theoretical frameworks beyond the Standard Model (SM) feature

extended Higgs sectors;

* A recent CMS result based CMS Preiiminary 13227 (13 TeV)
on the full Run 2 dataset © TS
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MOTIVATION

CMS Preliminary 138 fb™' (13 TeV)
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Phys. Lett. B 565 (2003) 61
« An excess of H — bb events with * Another excess of 3.10 was
2.30 local significance was found discovered by CMS in the
in LEP; channel H — 7= 7.

ey = 0.117 & 0.057 trr = 1.240.5
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YUKAWA TYPES IN TWO HIGGS DOUBLET MODELS

Type-l : Same Higgs doublet couples to all fermions

Ly :l_yuaLéQUR — Yaq Podr — ylr Boerlt hec.

Type-Il : One Higgs doublet couples to down-type quarks and leptons
while the other couples to up-type quarks

Ly = —yuq;Pour ‘Iyquq)ldR — yequ)1€R|‘|‘ h.c.

Type-lll/Lepton specific : One Higgs doublet couples to quarks the other to leptons

Ly =|—yu§L&’1UR — Yaq; P1dr |’ Yl Poer + h.c.

Type-IV/Flipped : One Higgs doublet couples to up-type quarks and leptons
while the other couples to down-type quarks

Ly = FyuﬁLéluR — Yaq P2dpr F Yol ®1er|+ h.c.
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N2HDM / S2HDM

« Extensions of the SM Higgs sector with a doublet and a real (N2HDM) or
complex (S2HDM) singlet;
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N2HDM / S2HDM

« Extensions of the SM Higgs sector with a doublet and a real (N2HDM) or
complex (S2HDM) singlet;

* When considering a Type-1V, these theories can explain the three observed
excesses at a mass close to 95 GeV (Type-Il has been also explored, but
with less success).
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T. Biekdotter, S. Heinemeyer and G. Weiglein; arXiv [hep-ph]: 2303.12018
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N2HDM / S2HDM

« Extensions of the SM Higgs sector with a doublet and a real (N2HDM) or
complex (S2HDM) singlet;

* When considering a Type-1V, these theories can explain the three observed
excesses at a mass close to 95 GeV (Type-Il has been also explored, but
with less success).
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OPEN QUESTIONS

The diphoton excess is diminishing ...
It may well disappear ...

Can we account for the bb and 77t excesses in such
case?

Can we account for an excess in just one channel?
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WHAT ABOUT THE UN2HDM?

e |ts scalar sector has the same structure as the S2HDM but extends the
Standard Model (SM) gauge symmetry with an additional U(1) group:

SU(3), ®SU(2), @ U(L)y @ UL)y, memp [ " maSS'V;?auge boson
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WHAT ABOUT THE UN2HDM?

* |ts scalar sector has the same structure as the S2HDM but extends the
Standard Model (SM) gauge symmetry with an additional U(1) group:

SU(3), ®SU(2), © U(1)y @ U(1)'y, memp [ N massw;gauge boson

» Recently proposed, in the context of multiboson production from cascade
decays of a 2 TeV Z’ boson:
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Can it also accommodate the 95 GeV Higgs boson?
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MORE ABOUT THE UN2HDM

SM fermions Y Y’
(ud)r 1/6 £ 0

UR 2/3 #0

dR ~1/3  #0

(v 1 —1/2 0

lr ~1 0
Scalars Y Y’
4 1/2 #0

®, 1/2 0

X 0 # 0
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MORE ABOUT THE UN2HDM

SM fermions Y Y’  The neutral and colour-singlet Z
boson should be leptophobic;
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MORE ABOUT THE UN2HDM

SM fermions Y Y’ « The neutral and colour-singlet Z
(ud) 1/6 boson should be leptophobic;
UR 2/3 « SM quarks get U(1) hypercharge,
meaning that extra matter is required
AR —1/3 for cancelling anomalies.
(1/ Z)L —1/2 0
lr —1 0
Scalars Y Y’
N 1/2 70
d, 1/2 0
X 0 70
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MORE ABOUT THE UN2HDM

SM fermions | Y Y’  The neutral and colour-singlet Z

(ud)r, 1/6 boson should be leptophobic;

UR 2/3 « SM quarks get U(1) hypercharge,
meaning that extra matter is required

ar —1/3 for cancelling anomalies.

(1/ Z)L —1/2 0
IR ~1 0 ‘

Scalars Y Y’ We choose to add
o e 20 vectorlike leptons (VLLS)
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X 0 70
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MORE ABOUT THE UN2HDM

SM fermions Y Y « The neutral and colour-singlet Z
(ud)p 1/6 boson should be leptophobic;

UR 2/3 « SM quarks get U(1) hypercharge,
0
0

p . meaning that extra matter is required
R —1/3 for cancelling anomalies.
(1/ Z)L —1/2

R —1

4

Scalars Y Y’ We choose to add
vectorlike leptons (VLLS)

®,q 1/2 7 0
i 1/2 0 « Dark matter candidate, if the lightest
X 0 40 VLL is neutral;
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MORE ABOUT THE UN2HDM

SM fermions Y Y « The neutral and colour-singlet Z
(ud)p 1/6 boson should be leptophobic;

UR 2/3 « SM quarks get U(1) hypercharge,
0
0

d 1/3 meaning that extra matter is required
i -1/ for cancelling anomalies.
v L —1/2

R —1

4

Scalars Y Y’ We choose to add
vectorlike leptons (VLLS)

®,q 1/2 7 0
i 1/2 0 « Dark matter candidate, if the lightest
X 0 40 VLL is neutral;

Simplest scenarios to cancel anomalies are obtained when
all quark fields couple to the same Higgs doublet.
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MORE ABOUT THE UN2HDM

SM fermions Y Y’ VLLs Y Y’
(ud)r 1/6 Yy (M Ev)py | —1/2 (—)9Y]/2
UR 2/3 Y, Nor(r) 0 (—)9Y,/2
dr —1/3 Yy By (r) 1 (=)9Y,/2
(1/ Z)L —1/2 0
IR —1 0
Scalars Y Y’ Type-l Yukawa
o, 1/2 quf Sector:~
e 2z 0 Ly = —yuqrP2ur
X 0 9Y, _
q — YaqpPadr
— Yl Poer + h.c.
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MORE ABOUT THE UN2HDM

SM fermions Y Y’
(ud)r 1/6 0
UR 2/3 Y)
dr -1/3 |-Y]
(v 1 —1/2 0
lr —1 0
Scalars Y Y’
@, 1/2 Y/
®, 1/2 0
X 0 Y,

Vector-like leptons Y Y’
N; 0 0
N; 0 Y,
E; —1 0
Figr —1 -Y;
i =1,2,3

Type-lll/Lepton specific

Ly =

Yukawa sector:

_yquéluR

—Yaq; P1dR

— yeZLCIDQBR + h.c.
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NEW HIGGS TO DIPHOTON CONTRIBUTIONS

Charged Higgs

Existing in models with two
Higgs doublets e.g. 2HDM,
N2HDM, S2HDM ...
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NEW HIGGS TO DIPHOTON CONTRIBUTIONS

Charged Higgs Vector-like leptons

Existing in models with two Specific to the UN2HDM
Higgs doublets e.g. 2HDM,
N2HDM, S2HDM ... VLLs are introduced for gauge

anomaly cancellation
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NUMERICAL PROCEDURE

Scalar masses i .
* The constraints taken into account

T
th 95.4 GeVv by ScannerS are:
Mh 125.09 GeV
MH, [125.1,1000] GeV « Theoretical constraints imposed
mao , My+ [20,1000] GeV by perturbative unitarity,
VEV parameter boundedness from below and
vacuum stability conditions
tan [0 20] (EVADE)
Effective couplings of SM Higgs boson Electrowe’ak precision
2 [ ]
c(hVI_/) [0.9,1.0] constraints;
c(htt)? [0.8,1.2]

 Flavour constraints;

CP-even scalars mixing matrix :
« Higgs searches/measurements

sign(O31) {-1,1} (HiggsTools).
032 ['1 ) 1]

U(1) parameters « The VLLs are decoupled and are not

Mz 2.2 TeV considered in our preliminary analysis
9z2'Y, 0.9 for which we will show our first results.

w22 TeV, tanfy < 1073,
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PRELIMINARY RESULTS: DIPHOTON-DIBOTTOM

Type-lll (Lepton specific)

6 0.30 :
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y TTe- 2=l -1
O'U%.D Ujl Uj2 073 0i4 015 0.6
Hoyy
« It is hard to simultaneously account for diphoton and dibottom excesses
without VLLSs;
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PRELIMINARY RESULTS: DIPHOTON-DITAU
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 Type-lll accomodates the ditau excess at l1lo level and an eventual
disappearance of the diphoton excess;

* Neither Type-l nor Type-lll can explain the (reduced) diphoton and ditau
excesses simultaneously (VLLs could help explaining a larger diphoton excess)
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PRELIMINARY RESULTS: DITAU-DIBOTTOM

1.8

Type-l

1.6

1.4

1.2F

1.0F

I'LTT'

0.8F

0.6 F

~
~
~
L

-~
s

__a""_-_-la'-.__.

0.4 F%\

0.2

-

o0

0.25

0.30
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charged leptons and down-quarks being the same (linear relation)

Type-I fails to explain the ditau excess due to neutral Higgs coupling to

« Type-lll accomodates both ditau and dibottom excesses but only at 2o level

AX%?H
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SUMMARY AND NEXT STEPS
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SUMMARY AND NEXT STEPS

« We investigate the possibility of explaining excesses in only one or two
channels among bb, 7z, yy;

« This is complementary to explaining excesses in the three of them
simultaneously;

 Type-I model accomodates the diphoton CMS and the dibottom LEP
excesses for a 95 GeV Higgs;

» Type-lll/Lepton specific model accomodates the ditau CMS excess for a
95 GeV Higgs and nothing else;

« These preliminary results only take into account the charged Higgs
contribution to the diphoton decay rate;

 Next step: include vector-like leptons in our analysis to explain the
diphoton CMS excess for a 95 GeV Higgs boson.

Thank you!
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SCALAR POTENTIAL

2

m
V(®1, Pa, x) :m%1@1@1 + m%z‘b;@z + TOXTX

)\ A
+ 5 (@121 + TH(D]D2)” + Ay (@] 1) (Dh02) + A (@] D2)(D1)
A5 (ot A6 (ot A7 o }
t5 (x™x)* + —(¢> 1) (xTx) + —(‘I’ ®5)(x"x) + [ux®] P2 + h.c.]
— Scalar fields
o7 3 !
b, = , . By = , , X = —=(u+p3+in
! (%(’Ul + p1 +Z?71)) ? (%(Uz + p2 +3T]2)) \/5( ’ )
Vacuum expectation 0 0 g
D) = D, = = Ly,
values (VEVS) (1) (%vl) - (®2) (% Uz) - =5
Rephasing
Py =e ’**”2<I>z : : 1 o—ilp2tes)
e, P V(LX) = V(00 i ) = e

All VEVs can be assumed as real without loss of generality.

J. Seabra - 7th Red LHC Workshop 18



SCALAR POTENTIAL

2
m

V((I)la(I)29X) 2

)\1
2
A5

)

ZL(old,)? +A

(x"x)? + A—(@T@l)(x X) + A—(Q’J‘@z)(x X) +

5 (@122)° + X5(2]1)(1B2) + X (B} 02) (B 1)

+ [ux® @y + hec]

Minimum conditions

1
—’U?)\l +

1 1
50103()\3 + Ag) + Zu%l)\ﬁ +

1
—ulvo 7 +

1
Ul’UQ()\g -+ )\4) + 1

1

1
—uv2 A7 4+ V2v1v9 Re(p)

1
—uv? g + 5

O:mgu+u3)\5—l—2

0 =TIm(p),

V2

V2

1
uvy Re(p)

uvy Re(p)

The parameters A;.... 7 and ¢ can be written in terms
of the five scalar masses and the three mixing angles
of CP-even scalars.

Note:

Henceforth, the VEVs v, and
v, are represented in terms of

= /v +v3, tan B =

. Seabra — 7th Red LHC Workshop
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PARAMETRISATION BASED ON EFFECTIVE COUPLINGS

T
C1C2 S$1C2 S2
O = —((318283 -+ 8163) C1C3 — 5185253 Ca2S53

—c189c3 + 8183 —(c183 + 8182¢3)  cacy
Input parameters for defining the parametrisation are in red:

C(htf) = O—Zl & 091 = C(htZ)SQ

S

C(hVV) = 0116[3 -+ 02185 ~ 011 = c(hVV)C; O2155 , (V = W, Z)

0}, + 03, + 03, =1 & 031 =+4/1- 0%, — 03

Co
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