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Dlphoton Excess

Why dlphoton excess is so mterestmg’

Both ATLAS and CMS observed this excess and are consistent with the resonance
mass region (around 750 GeV)

Unlike other excesses such as diboson excess, this is not the last-bin effect. (It lowers
the chance to be statistical fluctuation )

We think we understand the background from Runl Higgs diphoton searches

Many New Physics Explanations
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Minimal New Phy5|cs Explanatlon

Vectorllke Fermlo MI

Similar to the Higgs diphoton discovery, new heavy top quark
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Heavy quark should be vectorlike
L =—-yo®QRE — mqQY y
Franceschini , etal, 2015
Knapen, etal 2015
H : H . H Gupta, etal 2015
Various versions of this model: more vectorlike Elfs. otal 2015
quarks, susy version, etc. Angelescu etal 2015
McDermott, Meade, Ramani 2015
Dutta, etal 2015
Falkowski etal 201 g
] ) ) . Capy Pilaftsis 2015
heavy axion with vectorlike quark (KSVZ type LA Molinaro etal 2015

Higaki etal 2015

heavy axion) 5 Kim 2015
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Scalar assisted vectorlike fermion mode =«
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This model was proposed in 2014, but in a different
motivation: vacuum stability of vectorlike fermion model

Xiao and JHY, 1404.0681
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The vectorlike fermion model needs a bosonic log, (1 [GeV])

d.o.f to stabilize the Higgs vacuum

. ili Dhuria Goswami, 2015
Some references discussed the vacuum stability Zhang, Zhou 2015

of this 750 GeV scalar using our RGE egs. Salvio Mazumdar 2015

———

Jiang-Hao Yu (Pheno 2016) Hidden Sector and Diphoton Excess 0



BR(T — Ht)

Vectorlike Fermion Model
Heavy top quark
L=—-yo®QQ — mueQQ

Heavy top cannot be too light (LHC Too large coupling yQ
searches)
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Ways to increase rate

high color fermions

higher charge Qf: (higher hypercharge representation) Frazzz;zlyn;};tgg 125075

Gupta, etal 2015
. . . . Ellis, etal 2015
Several vectorlike fermions (higher SU2 representation) Angelosau etal 2015
McDermott, Meade, Ramani 2015
Dutta, etal 2015
Falkowski etal 2015

A new way: lower the vectorlike fermion mass 77"

2.5

Higher representation could increase the diphoton A#'/g (7q)
signature, but also increase the ZZ/IWW rate 21
Can we only introduce single vectorlike fermion? Lsp
Re
possible way: lower the mass of vectorlike fermion o
(make use of threshold enhancement of A112)
0.5 +
Hiding the vectorlike fermion to 0
0.1

dark sector
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Dark Top Model

Light Top at Dark Sector
750 GeV Scalar Singlet dark top 70— —
e 21 Q > —Q
£ = —4®QQ — maQQ o0y
Chao, Huo, JHY, 1512.05738 5000 o /

Unlike typical heavy top, the dark top could be 400
ght 3|

| Stealth dark top: ‘ % 3001

Solve too large coupling problem = 2001
Benefit: scalar could have invisible decay 1uu:-

' could have not-so-small width OF e

mr [GeV]
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Loop-induced diphoton signature
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Dark matter decay channels

Additional decay channels
could increase the width

Need UV completion: what is
the dark matter
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An UV Complete Mode
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Dark top scenario

750 GeV Scalar Singlet dark top

+ DM

UV completion: how dark top couples to dark matter?
The dark top is stable, if there is no coupling between dark top and dark matter

L= —y9o%QQ — meQQ —y'qL H'Qr + h.c.

Introduce an inert Higgs doublet, with its neutral components as dark matter

750 GeV Scalar Singlet

We know inert Higgs doublet could solve neutrino mass radiatively.

{‘introduce dark neutrinoj
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Hldden Gauged U(I) Model

A hidden sector to have diphoton excess and neutrino mass

+
750 GeV Scalar Singlet dark top

dark neutrino
+ inert Higgs

Promote the dark Z2 symmetry to a hidden gauged U(I)
The 750 GeV scalar is the remnant of the U(1) spontaneous symmetry breaking

Particle contents in dark sector: no gauge anomaly

SU@3)c SU2)L U(1)y |U(1)p 2>
Nl 1 0 | 2 + JHY, 1601.02609
H | 1 2 Lol a1 -
Negrl 1 1 0o | -1 -
s | . S
T‘f”R 3 1 +2 ! Hldden U(I) breaks down to dark
Iir| 3 ! +3 | 1 - | ZZ by 750 GeV scalar
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Radiative Neutrino Masses
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Interactions in hidden sector
Ly =~ yrGH'T + ypgH'B + ynlH'N + yglH'E + h.c.

Radiative neutrino masses
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Dark Matter Candidates

1000
' LUX Excluded Region

Two kinds of dark matter candidates with broad range of mass

could be neutral components of inert Higgs doublet XENONIT Projection !
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could be lightest dark neutrino
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Collider Searches

Limits on dark fermions
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Could be light Z
Hidden gauged U(1): SM fermions not charged under hidden U(1)

Z' - TT,h h~,h'h, AA NN
Scalar decay channels

s > TT,h*h= WK, AA NN
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Diphoton Signature
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{enhancement near threshold
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nght Z’ Large Wldth and Slgnatures

Large scalar width from s cascade decay

P Pt et

suppressed by
Future signatures from hidden Z’ neutrino mass

Usually Z’ is searched through dilepton, dijet channels

This hidden Z’is produced dominantly through gluon fusion, and decay invisibly

o

e
| N

&

Other Signatures Iepton flavor violation, vless double beta decay, etc
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Review vectorlike fermion explanations

Dark top model provides one minimal explanation

750 GeV Scalar Singlet dark top
+ DM

750 GeV scalar could be remnant of a hidden gauged U(I)
symmetry breaking

+
750 GeV Scalar Singlet dark top

dark neutrino
+ inert Higgs

Benefit: (1) Origin of 750 GeV scalar: U(1) gauge symmetry breaking;
(2)explain neutrino mass; (3) light Z-prime pheno (could be dark photon)

e ——— = = ==
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Thank you!



Could promote the dark Z2 symmetry to a gauged B-L U(1)

The 750 GeV scalar is the remnant of the U(1) B-L spontaneous symmetry breaking

Particle contents in dark sector: no gauge anomaly

SM quarks are charged under U(1)B-L as +1/3
SM leptons are charged under U(I)B-L as -1

SU@)e SU2). Ul)y |U(l)p—r Z2

P 1 1 ] 2 4+
H | 1 2 2 -1 - JHY, 1601.02609

Nr 1 1 0 -1 —

Tro.r| 3 1 +2 1 _

Tor| 38 1 +2 +1 —

U(1)B-L breaks down to dark Z2
by 750 GeV scalar
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