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The early hours (from A. Strumia website)

[ http://astrumia.web.cern.ch/astrumia/ ]
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Outline
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The diphoton resonance as a gravity mediator of dark matter, arXiv:1512.06376.
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The Diphoton and Diboson Excesses in a Left-Right Symmetric Theory of Dark
Matter, arXiv:1601.01381.

P. S. B. Dev and D. Teresi,
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arXiv:1512.07243.

Conclusions
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Part 1
C. Han, H. M. Lee, M. Park and V. Sanz,

The diphoton resonance as a gravity mediator of dark
matter, arXiv:1512.06376.



The diphoton resonance as a gravity mediator of dark matter

Location of the fields in the warped extra dimension

[Lee, Park, Sanz, 1306.4107]
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The diphoton resonance as a gravity mediator of dark matter

Effective 4D Lagrangian

Kaluza-Klein graviton Gµν as spin-2 750 GeV resonance

Λ ∼ 3 TeV is the compactification scale

couplings to the vector-boson mass eigenstates:

take c2 = c1 to suppress Zγ signal
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The diphoton resonance as a gravity mediator of dark matter

The diphoton signal
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The diphoton resonance as a gravity mediator of dark matter

Dark Matter relic density (spin 0, 1/2)
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The diphoton resonance as a gravity mediator of dark matter

Dark Matter relic density (spin 1)
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The diphoton resonance as a gravity mediator of dark matter

The spin of the 750 GeV resonance
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Part 2
A. Berlin,

The Diphoton and Diboson Excesses in a Left-Right
Symmetric Theory of Dark Matter, arXiv:1601.01381.



The Diphoton and Diboson Excesses in a LRS Theory of Dark Matter

Production of a 750 GeV ∆0
R in L-R symmetric theories

by mixing with SM scalar h: doesn’t work (∆0
R → t̄t, unless very large Γγγ)

pp→ W′ → W∆0
R, suggested in the early hours... [Knapen, Melia, Papucci, Zurek, 1512.04928]

suppressed by L-R mixing :

doesn’t work (BR(W′ → W∆0
R) ∼ 10−5 )

Introduce a dark sector!

also gives charged states for the decay loop
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The Diphoton and Diboson Excesses in a LRS Theory of Dark Matter

L-R symmetric model with a dark sector

L-R symmetric model with bidoublet φ = (2, 2, 0) and triplet ∆R = (1, 3, 2)

take vR ∼ 3− 4 TeV, gR ∼ 0.45− 0.6, tanβ ∼ 0.5− 2
to reproduce the diboson anomaly in run-I

introduce 3 dark fermion triplets T1 = (1, 3, 0), T2 = (1, 3, 2), T3 = (1, 3,−2)

mixings:

mass eigenstates χ1,2,3, χ
+
1,2, χ

++
1
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The Diphoton and Diboson Excesses in a LRS Theory of Dark Matter

Production cross-section of ∆0
R and relic density of χ1
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The Diphoton and Diboson Excesses in a LRS Theory of Dark Matter

Decay of ∆0
R

suppress mixing and tree-level trilinear couplings to SM h

take mχ1 > 375 GeV (cannot reproduce 45 GeV width)

only tree-level decay: ∆0
R → W+W−, suppressed by L-R mixing2

loop-level decay channels γγ, γZ, ZZ through loops of χ+
1,2
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Part 3
P. S. B. Dev and D. Teresi,

Asymmetric Dark Matter in the Sun and the Diphoton
Excess at the LHC, arXiv:1512.07243.



Asymmetric Dark Matter in the Sun and the diphoton excess

Asymmetric Dark Matter

in the WIMP freeze-out scenario nDM from nDM(Tf )〈σannv〉 ' H(Tf )

in baryo/leptogenesis nB from nB ∼
ε

K

but ρDM ≈ ρB (just a coincidence or more behind?)

asymmetric Dark Matter paradigm: nDM ≈ nB from a common mechanism

light Dark Matter: ρDM ' 5ρB =⇒ mDM ≈ 5 GeV

basically no annihilation today, since nDM � nDM (if asymmetry survives)

asymmetric Dark Matter can accumulate inside the Sun
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Asymmetric Dark Matter in the Sun and the diphoton excess

Momentum-dependent ADM and the solar anomaly

asymmetric DM with mχ = 3 GeV , σDD = (|~q|/40 MeV)2 10−37cm2

it can explain the anomaly of solar models in predicting heliseismological
observables (6σ evidence, taken at face value) [Vincent, Scott, Serenelli, 1411.6626]

compatible with collider and direct detection constraints
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Asymmetric Dark Matter in the Sun and the diphoton excess

Minimal simplified model for momentum-dependent ADM

σDD ∝ |~q|2 from operators iχγ5χqq or iχσµνγ5χqσµνq (we focus on 1st one)

minimal simplified model [Dev, DT, 1512.07243]:

−L ⊃
m2
φ

2
φ2 +

m2
P

2
φ2

P + µ2 φPφ + mχχχ

+ gφ φ qq + i gP φP qγ5q + i hφP χγ5χ

φ, φP mix into mass eigenstates φS, φA:

−L ⊃ gφ cα φS qq + gφ sα φA qq − i gP sα φS qγ5q

+ i gP cα φA qγ5q − i h sα φS χγ5χ + i h cα φA χγ5χ

flavour-blind couplings for simplicity

in a full model, the scalar and pseudoscalar may originate from suitable SU(2)L

multiplets
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Asymmetric Dark Matter in the Sun and the diphoton excess

Matching the χN → χN cross section

at the quark level, χq→ χq via t-channel φS, φA

for q2 � m2
S,A the effective local term is generated

sin 2α
2

h gφ

(
1

m2
S
− 1

m2
A

)
iχγ5χ qq

by matching with the best-fit values of [Vincent, Scott, Serenelli, 1411.6626]:

sin 2α
2

h gφ

∣∣∣∣GeV2

m2
S
− GeV2

m2
A

∣∣∣∣ ' 1.7× 10−2

at least one mediator in the GeV range (compatible with fixed-target
experiments and colliders, only interacts with quarks, no flavour changing)

φA can be taken at 750 GeV, large coupling to DM→ large width, needs
additional physics for φA → γγ (general fact [Knapen, Melia, Papucci, Zurek, 1512.04928])
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Asymmetric Dark Matter in the Sun and the diphoton excess

Nuclear EDM constraint

scalar/pseudoscalar mixing generates the EDM diagram:

q q q q

γ

φ φP

which gives

dd ≈ 0.5× 8.3 × 10−19 e cm ×
(

4.55 + ln
m̃

GeV

)
× sin 2α

2
gP gφ

(
GeV2

m2
S
− GeV2

m2
A

)

imposing the “observed” χN → χN cross-section:
gP

gφ
. 10−6 → 0
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Asymmetric Dark Matter in the Sun and the diphoton excess

CMB constraints

for ADM the relic density depends on the primordial asymmetry
necessary to have sufficient annihilation of the symmetric component

χ

χ

q

q

φS,A

χ

χ φS,A

φS,A

χ

at the recombination epoch, CMB requires [Lin, Yu, Zurek, 1111.0293]

〈σv〉CMB < 1.2 × 10−27 cm3

s
× mχ

GeV
1

r∞
relic density [Graesser, Shoemaker, Vecchi, 1103.2771]

〈σv〉f ' 5 × 10−26 cm3

s
× ln

1
r∞

.

combining, we find the bound

〈σqqv〉f < 3.6 × 10−27 cm3

s
× exp

〈σqqv〉f + 〈σφφv〉f
5 × 10−26 cm3

s
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Asymmetric Dark Matter in the Sun and the diphoton excess

Diphoton excess

assume additional new physics in φA → γγ, parametrized by Γγγ

impose 45 GeV width→ h = 1.2

strongest limits from non-observation of dijet signal
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[Dev, DT, 1512.07243]
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Asymmetric Dark Matter in the Sun and the diphoton excess

Not identifying φA with the diphoton resonance
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Conclusions

Conclusions

Wait for more data, have fun meanwhile.
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