Flavour Physics meets Heavy Higgs Searches
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this is how it all began...
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not just a fairytale

The flavour paradigm of models with an extra Higgs doublet is often limited to escape flavour
bounds. But there there are the recent results for h — tu and t — ch.

Stringent bounds on the masses of the expanded Higgs sector can be avoided by proposing certain
flavour textures for the Yukawa interactions.

We show that we can go beyond the flavour diagonal regime for the couplings of the SM fermions to
the neutral Higgs states, yet respect bounds from flavour physics.

Once we allow for one or more of the expanded Higgs family to have lower masses, interesting and
yet unexplored collider signatures can arise.

We show this with a axion variant model with the right handed top quark charged -1, two Higgs
doublets charged 0 and -1 under a Peccei-Quinn symmetry.

We also introduce a top-charm mixing between right handed up-quark sector. We implement a
similar structure in the lepton sector too.



a 2HDM of type III

General 2HDM Lagrangian: —£ = Y4@; H,Q;+é t; HaQ;—Yidi HyQ;+& di H,Q;~ Y& HyLj+¢ & H,Lj+h.c.

0 30 l H; =ioc?H}
_ u U ut _ ¥d uf) oo
— (ﬂvsinﬁ( m" +vcosfPe )Z_j ﬂew>umum+h.c. ( -
0 0* B H, = : 1 0) with ¢¥ = cosah+sina H —icosB A,
+< & (md+vsinﬁedT>‘_¢Lefj> dridrj + h.c vsmﬁ—l—ﬁgbu
V2vcos § iV2 vcos B+ L¢0
& 0", H; = ( . \@ d) with ¢2:—sinah—|—cosozH—isinﬁA,
+ \@Tdosﬁ (—mg + vsinﬁeﬁ>i]_ — %EJ €rierLj + h.c. sin 5 H 1
+ vTrsLinﬁ — (tan 8 + cotanﬁ)e“TV) ”COSﬁH—F’aRZ’ drj + h.c. 1
ayt . Urv (Y“ sin 8 + €1 cos B) U}Lj = diag(my, me, my) = mt,
m diyt) g -d
—(t t 1% H dgr;ur i+ h.c.
+ (vcosﬂ (tan 8 + cotanf)e )ij sin 3 RiULj + N.C Dp v (Yd cos 3 + gdt sinﬁ) DTL _ diag(md,ms,mb) — md,
¢ ¢ A (RRT _
+ ( m 6 - (tanﬁ + Cotanﬁ)eﬁ> SinﬁH_éRiVj + h.c. ERU (Y COSB T € TSlHB) EL - dlag(mea m,ua mT) =m.
v COS g
ij
g 1 0 0 )
et = Upe"tU], et = DpedtD}, et = EretEl and vV = U, DI
(O cos &+ sin p2“ , ER=10 cosf sinf i L R L L™L
- Pu Pu —_ qin Pe pPe . . .
S 0 —sing cos I 0 =sinfy cos Non-holomorphic couplings and the CKM matrix y

: . :
rlght-handed fermion rotations Ayan Paul -- Free Meson Seminar @ TIFR



a 2HDM of type III

we choose a texture:
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a 2HDM of type III
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home
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documentation

HEPfit: a Code for the Combination of Indirect and
Direct Constraints on High Energy Physics Models.
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Higgs Physics
HEP£fit can be used to study
Higgs couplings and analyze data
on signal strengths.

Precision Electroweak

Electroweak precision observables

are included in HEPfit
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Flavour Physics

The Flavour Physics menu in
HEP£it includes both quark and
lepton flavour dynamics.
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Dynamics beyond the Standard
Model can be studied by adding
models in HEPfit.




fits to the Higgs couplings
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fits to the Higgs couplings
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fits to flavour violating Higgs and top decays
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fits to low energy FCNC and charged current decays
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fits to low energy FCNC and charged current decays

BR(B = TV)exp = (1.06 £ 0.19) x 10~*
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Large contributions to B — tv are not
generated by this model.

The relative compatibility between the
experimental measurement and SM
prediction leads to almost no constraints on
the parameter space of the model.
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Left handed charged currents are
suppressed by the up-quark mass.



fits to low energy FCNC and charged current decays
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other constraints
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combining all constraints

The picture is not only hopeful but quite promising!!

a preference for p # 0
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The black dots mark the benchmark point with discuss in our
study of collider phenomenology
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collider phenomenology of the heavy Higgs

b )

THDM type III THDM type II
that we use
pp — H — tc pp — tcH(— tc) pp — beH*(— be) | pp — beH*(— Wh)
1 charged lepton | 2 same-sign leptons dijet resonance W h resonance
Eiss 2 b-jets >1 b-jet >1b/c-jet
1 b-jet >1 c-jet >1 c-jet
1 c-jet

a list of interesting signatures
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collider phenomenology of the heavy neutral Higgs

cos(B—a)=0.125, tanB=1
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68% indirect Higgs & flavor conststraints

Hr

BR(H)

excluded by 13 TeV
g9 — H— Z7" — 4l

cos(8—a) =0.125 and tan 8 = 1

95.4 %

marginalized over
my=+

mHi = mHO

Ayan Paul -- Free Meson Seminar @ TIFR

68.2 % <

cos(a—B)=0.15, tanB=1

1 tc ‘
0.100
0.010
0.001
1074
200 400 600 800 1000
my (GeV)
, O, ;xBR (H—>tc) (£b)
e .
\\

~.
.....

..........

=
T T T T | T

ounds from
h—>Zz* - 41
searches

|

— | |2 N\ N e N N
1
.
-
-’
o2
ans®

1000

-

% indirect Higgs & flavor conststraints

| m— |

68

—2 III|IIIIII II|1III|IIII|III IIIIIIIII
200 300 400 500 600 700 800 900 1000
m, (GeV)




collider phenomenology of the charged Higgs
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cos(f—a)=0.125and tan 8 =1

Already probed by light dijet
searches
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summary

The intricate alleys of a general THDM are not often navigated leaving interesting phenomenology
untouched.

The (pseudo)scalar family is awaiting the arrival of other members for which we must search in the right
place.

We also show that these degrees of freedom leave collider signatures that remain unsearched for.
At times, these collider signatures can be quite bold and easily searched for.

Stringent lower bounds on the mass of the charged Higgs can be alleviated by a more intricate flavour
structure of the Yukawa interactions.

The lower bounds on new (pseudo)scaler states, both neutral and charged, should be reconsidered
and collider searches should be open to the possibility of production and decays of these states.
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Thank you...!!
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To my Mother and Father, who showed me what I could do,

and to Ikaros, who showed me what I could not.

“To know what no one else does, what a pleasure it can be!”

— adopted from the words of

Eugene Wigner.
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