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m ATLAS data of 3.2 fb~! and CMS data of 3.3 fb~! at \/s = 13
TeV recorded in 2015

m ATLAS : 3.90 local and 20 global®
m CMS : 3.40 local and 1.60 global?

LATLAS-CONF-2016-018
2CMS-PAS-EX0O-16-018
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Heavy Higgses (CP odd and CP even) of two Higgs doublet
model occur as a first thought about 750 GeV candidate

m Charged under the SM SU(2) gauge group, so problematic tree
level couplings to tops and gauge bosons

m Di-photon leading order is one-loop

m Hard to produce required branching ratio to di-photon to obtain
o(lpp— R = vy) ~5fb

m Gauge singlet as 750 GeV candidate
m Needs extra colored matter for production in gg fusion channel
m Needs extra uncolored matter for enhancing BR,,
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27 of E6
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Cross-section m Extra vector-like matter (colored and uncolored) is naturally
Summary present in the fundamental representation of Eg
m Eg can be broken down to the SM in several ways

We focus on

Es —SO(10) ® U(1),, — SU(5) ® U(1)y ® U(1),
SU(5) @ U(L)y ® U(L)y — Gsw ® U(1)y

27 of Eg contains 16 + 10 + 1 of SO(10)
16 (spinor) of SO(10) contains 5 + 10 + 1 of SU(5)
10 (vector) of SO(10) contains 5 + 5 of SU(5)

3 fermion generations to accommodate 3 SM generations

1 scalar generation to accommodate SM Higgs
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m We choose U(1), ® U(1)y — U(1)n so that

V15 1
Q=00 -5 Q (1)
m Makes 1 of SU(5) a singlet under Gsy @ U(1)p, so it can be
very heavy
m Additional Z, is assumed under which SM is charged —1 and
exotics 1

m Qu charge prevents unwanted tree level couplings to tops
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Fermions

SO(10),SU(5) 210 Qy Fermion SU(3). Q
16,5* -2 df 3* 1/3
Vi 1 0

e 1 -1

16,10 -1 u; 3 2/3
d; 3 -1/3

ue 3 2/3

e 1 1

16,1 0 NE 1 0
10,5* 3 h¢ 3* 1/3
19, 1 0

By 1 -1

10,5 2 hj 3 -1/3
L 1 1

19¢ 1 0

1,1 -5 n; 1 0
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Scalars

The Model SO(10),SU(5) 210 Qu Fermion SU(3). Q
16,5* -2 de 3* 1/3
Te 1 0

& 1 -1

16,10 -1 b 3 2/3
d 3 -1/3

ie 3 -2/3

gt 1 1

16,1 0 Ne 1 0
10,5* 3 he 3* 1/3
[9 1 0

[y 1 -1

10,5 2 h 3 -1/3
Ly 1 1

o 1 0

11 -5 ) 1 0
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. All possible renormalizable couplings of matter are of the form

27, ® 27,

27, ®27f ® 27«

27, @275 ® 275

27, @275 @ 2T ® 27

[; and L, form two Higgs doublet
(L9) = vg and (L9) = v,
7 is the 750 GeV candidate

U(1)y is spontaneously broken at low scale by (1), which gives
masses to all the exotics but not to the SM fermions
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o m U(1)n protection disappears after spontaneous breaking allowing
mixing with Higgs

m The scalar potential has terms
1 ~ ~c 1 ~ ~c 1
V> Emeng + EmngLg + Emghﬁc
" ~c by ~ ~ by ~ ~
+ a0 L8 F + ol 3 + 2 009 AR + 2 3L8°ART + ...
m Mass matrix is given by

oV

V=5 —s5;
'0s;0s; 7’

where s=1(¢; ¢f)
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Mixing with Higgs

Mixing terms in the scalar sector are 2(av, + byvq (1)) and
2(avy + bavy(R))
Mixing terms in pseudoscalar sector are —2av,, and —2avy

Obvious way to supress the mixing is ad-hoc imposition of
a= b1 = b2 =0

If a =0 then pseudo scalar sector is diagonal, requiring
pseudoscalar component of (i) to be the Goldstone boson
corresponding to the U(1)y spontaneous breaking

Only way to make pseudocalar a 750 GeV candidate in this case
is to add another complex scalar

Another option is to have 750 GeV candidate but go to an
alignment limit of

b _ bi(A)
tanﬁ—b2 and a= wan 3
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Story so far...
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m 3 fermion + 1 scalar generations of Eg fundamental
representation inspired by the SM supplies necessary 750 GeV
candidate along with vector-like like colored and uncolored
matter for potentially obtaining correct cross-section

m U(1)y generated during Eg breaking provides necessary
protection to turn off unwanted SM couplings of the 750 GeV
candidate

m Finally, we need to calculate how the cross-section will impose
bounds on the masses and couplings
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Cross-section and (f)

¥y 1
my¢ ()

m The triangle diagrams go as ~
m For the cross-section we have

r(h—vy)

Oy = 0(pp — F’) F(ﬁ N gg)
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Cross-section and (f)

m The effective Lagrangian describing the interactions of the new
scalar with gluons and photons is

LD NG, G + N\ AFS F

m Both A\, and A, are proportional to (%) and N¢ (number of
families)

)\2

277

Oy ™~ )‘g 22
g

m We have maximum allowed value of (f) that is allowed by the
data

m (f1) <500 GeV for o, > 5 fb with 3 families
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Decays of i to Zv, ZZ, WT W~
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oy m The effective Lagrangian describing the interactions of the new
scalar with linearly realized electroweak bosons is 3
« Rw em RB .
Low D —= AWE We R  ———~——HB,, B"”
47s2 Amy, 4m(1l —s2) 4my M

m Vector-like leptons in the model contribute to both terms, while
the quarks only contribute to the second

m The ratio obtained is
(i Tzy: Tzz: Tuw =1: 024: 2.08: 532

m Within current bounds on o(pp — i — XX)

3Low, Lykken arXiv:1512.09089
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Summary and Future Work

m SM inspired Eg with same 3 + 1 family structure provides

m Gauge singlet scalar/pseudoscalar that can be 750 GeV
resonance candidate

m Colored and uncolored vector-like matter which can produce > 5
fb cross-section for 750 GeV di-photon resonance

m U(1)y symmetry which protects from unwanted couplings to SM

m The model has other interesting phenomenology as it has a
candidate for Z’ whose mass is governed by the same (7}, its
mixing depends on the forward backward asymmetry

m The model also provides a sterile neutrino candidate and a DM
candidate (if Z; is preserved)
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iy = CO(IQW + HB)

1—x X
gizz = Co | kw + KB
X X

K
giww = G (7w) 4
X

K K
gnzv—Con(l—X)< )‘:V 1_BX)

4Low, Lykken arXiv:1512.09089
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