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Cosmological & astrophysical spin-offs:

Why i the Universe big?
aka CC problem




I_LHC non-discoveries

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt=(4.7-203) 0" Vs=7,8TeV
Model ty Jets ET™ [ram™) Limit Reference
T T — T T — T T —
ADD Gxx +g/q - >1j Yes 203 1502.01518
AADD non-resonant £¢ 2e,1 - - 20.3 3HLZ 1407.2410
ADD QBH - (q 1eu 1j - 20.3 =6 1311.2006
2  ADDQBH - 2j - 203 6 1407.1376
S ADD BH high Ny 24(SS) - - 203 6, Mp = 3TeV, non-rot BH 1308.4075
2 ADDBH high ¥ pr >leu >2j - 203 n=6, Mp =3 TeV, non-rot BH 1405.4254
‘é’ ADD BH high multijet - >2j - 203 =6, Mp =3 TeV, non-rot BH 1503.08988
3 RS1 Gyk — (€ 2ep - - 20.3 k(Mp; = 0.1 1405.4123
© RS1 Gkk — vy 2y - - 20.3 ‘M 1504.05511
5 Bulk RS Gkx — ZZ — qqtt 2e.pn 2j/1J - 20.3 1409.6190
Bulk RS Gk — WW — qqtv leu  2j/1J Yes 203 1503.04677
Bulk RS Gk — HH — bbbb - 4b - 195 | Gkk mass k/Mp = 1.0 1506.00285
Bulk RS gy — tt 1eu >1b,>1J2) Yes 20.3 BR = 0.925 1505.07018
2UED/RPP 2eu(8S) 21b,21j Yes 203 1504.04605
SSM Z' — ¢t 2epu - - 203 1405.4123
2 SSMZ' —ar 27 - - 19.5 1502.07177
g  SsMW v Ten - Yes 203 1407.7494
8 EMW S wWZover 3ep - Yes 203 1406.4456
® EGM W’ - WZ - qqtt 2eu  2j/1J - 203 1409.6190
S EGMW' - WZ - qqqq - 2J - 203 [wmass 1.3-1.5 Td¥ll 1506.00062
K HVT W' — WH — (vbb Teu 2b Yes 203 1503.08089
S LrsMw - tb Ten  2b01j Yes 203 14104103
LRSM W, — tb Oep 21b1J - 20.3 1408.0886
— Cl gqqq - 2j - 17.3 1504.00357
o Cl gqtt 2epn - - 20.3 e =-1 1407.2410
Cl uutt 2e,u(SS) 21b,21j ICul=1 1504.04605
S EFT D5 operator (Dirac) Oep at90% CL for m(y) < 100 GeV 1502.01518
Q' EFT D9 operator (Dirac) Oep 2t 90% CL for m(y) < 100 GeV 1309.4017
o Scalar LQ 1% gen 2e B=1

3 ScalarLQ 2™ gen 2pu Preliminary
Scalar LQ 3 gen 1en B=0 Preliminary
VLQ TT — Ht + X Teu Tin (T,8) doublet 1505.04306
2L VIaYY - Wh+ X Teu Y in (B.Y) doublet 1505.04306
8§ VILOBB - Hb+X leu isospin singlet 1505.04306
TS VQBB—Zb+X 2>8epu 2221b - 203 Bin (B,Y) doublet 1409.5500
Tz — Wt lepu 21b25j Yes 20.3 1503.05425
o @ Excitedquark g’ — qy 1y 1j - 203 only u* and d*, A = m(q") 1309.3230
© § FExcitedquark ¢ - qg - 2j - 203 only u* and d*, A = m(q") 1407.1376
S £ Excited quark b' — Wt 1or2eu1b,2jor1j Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
@ § Exciedlepton & - fy 2eumly - 130 A=22TeV 1308.1364
Excited lepton v* — (W, vZ 3eut - - 203 A=16TeV 1411.2021
LSTCar —» Wy Teuly - Yes 203 1407.8150
LRSM Majorana v 2eu 2j - 203 m(Wg) = 2.4 TeV, no mixing 1506.06020
o Higgs triplet H** — ¢¢ 2e,u(SS) - - 20.3 DY production, BR(H;* — (()=1 1412.0237
g Higgs triplet H** — ¢t 3ept - - 20.3 DY production, BR(H;* — (r)=1 1411.2921
‘5 Monotop (non-res prod) 1eu 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, g| = 1gp. spin 1/2 Preliminary

M | " " M | L L P | L L PR
107 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

Many bounds on New Physics at the TeV scale.



LHC non-discoveries

CMS Searches for New Physics Beyond Two Generations (B2G)

95% CL

Q—-qW(semilep+M)
T{(5/3)(cllepss) ‘
T'—tZ(semilep+lep) ‘
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T |
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Bounds on Top partners are also significant.

Top partners make the Higgs potential calculable: m

-l

+ H-{I)—H

> 3ui
H = Q2

my

Models where H = pseudo Nambu-Goldstone boson of G/H
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Option la: Non-standard 7" decays

W, Z, b
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Option la: Non-standard 7" decays

T

”\[

Beyond the Minimal Model: SU(4)/Sp(4) — H,n
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It successfully controls
relic abundance
indirect detection
direct detection
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Option 1b: Twin Higgs

Non-colored Top partners

, .\

Normal bounds are evaded.



Option 1b: Twin Higgs

Non-colored Top partners

g g ~ e
o e et PP
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Normal bounds are evaded.

The exceptional model: SO(7)/Go

Minimal in tts symmetries and particle content.

twin top = 7 = DM | G = twin gluon | twin Higgs = w = EM charged

Novel LHC phenomenology



Option 2: EFT approach

Give up on new light particles, probe properties of SM particles.

(1) (3)

1C - 1C ; - ; ICR _
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Option 2: EFT approach

Give up on new light particles, probe properties of SM particles.

(1) (3)

1C B 1C ; B ; ICR _
—L H'D,Hg~"q, , —%H'o'D,Hqy"o'qy, — H'D,Hitpy'tp
m m m

Zy " (e g P+ ¢ gp Y Pr)t

]
gm/

AN Z Very weak bounds form

current LHC data
g@m\
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The LHC is not a precision machine

' =c®=11n SM




Option 2: EFT approach

The LHC is a high Energy machine

,
g KX
m< St

v %
q < EW (JJJZ”LL

tW — tW scattering amplitude diverges with E?

J



Option 2: EFT approach

The LHC is a high Energy machine

Wt-> Wt g <2

1045
1000; r =02
%: IOO: cp=-—0.2
> ~~~~~~~~~~~~~~~ ¢ 2): — CS) =—-02
10* __________________________

C(Ll)= — c(L3) =0.2

ot1- . . ]

The venaitivity to non-SM top-Z couplings ts enbanced.



Option 2: EFT approach
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Definitely worth it.

LLZ projection from Rontsch & Schulze



Probes of Vacuum Energy

Cosmological evolution of pressure during Phase Transitions

QCD + EW + GUT
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The constant term in Etnstewn eq. s changes during Phase Trandsitions.



Probes of Vacuum Energy

Cosmological evolution of pressure during Phase Transitions

QCD + EW + GUT
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The constant term in Etnstewn eq. s changes during Phase Trandsitions.

How could we probe this behaviour?

Gravitational waves, neutron stars, ...



DON’T PANIC
ACT NATURAL

Thank you and see you around



