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Abstract: | will discuss how studying the gravitationa effects of UV physics on large (astrophysical) scales precludes new mass scalesin BSM
physics beyond 600 GeV.
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Cosmological non-Constant (CnC) Problem:
Astrophysical Limits of Particle Physics

Niayesh Afshordi
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Cubtline

o Prelude: Hier&r(;wj th Nature
o Cosmological Non-Constant (ChC) Problem
® Nk'j cnC?
o ChC n Astrophysics:
o Cosmic Microwave Background
o Pulsar Timing Observations

o Epilogue: The ?ouvj of the Effective Field 'Ti»w;_orbe

Pirsa: 18060014 Page 3/25




Cosmological Constant (CC)
Problem

@ CGreneral Tae.tad:tvi.f:v
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o Real World!
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HEP Hierarchy problem(s)

b CLLL L L L L L LT LI LT L L 4
old cosmological constant (CC) problem

* neutrino mass Higgs, Electroweak GUT...Planck

* dark energy LHC

10 3%eV 10"2eV 10%%eV
>

opE ~ A? om3; ~ A* A?
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HEP Hierarchy problem(s)

b CLLL L L L L L LT LI LT L L 4
old cosmological constant (CC) problem

Higgs hierarchy problem

* neutrino mass Higgs, Electroweak GUT...Planck

* dark energy LHC

10 3%eV 10"2eV 10%%eV
>

opE ~ A? om3 ~ A* A?
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HEP Hierarchy problem(s)

b CLLL L L L L L LT LI LT L L 4
old cosmological constant (CC) problem

Higgs hierarchy problem
CnC problem!

* neutrino mass Higgs, Electroweak GUT...Planck

* dark energy LHC

107 %eV 10"2eV 10%%eV
>

opE ~ A? om3 ~ A* A?
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Punchline!

o Gravity is different! Observables non-local
o LV physics => IR noise in geomelry

@ No new scale i QFT+GR = TeV!

— TeV-scale QG, Large Extra Dimensions

= Strongly coupled UV completion (Asymptotic
Safety?)
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A ve.rj vibrant vacuum

o Qua\v\l:um Fi.uckua\h.ons cio fLuch&Ee

o What is the ahatog-of (..L. for the
covariance of stress fluctuations?

o Can these fluctuations have an
observable gravitational signature -\
on large scales? -

with , Phys. Rev. D 93, 083505
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Vacuum Fluctuakions
un Linear Gro\vibj

o Linearized Perturbations around FRW space—ktme

ds* = a®(n) [—(1 + 2¢)dn* + 2Vidzidn + (1 — 2¢)dx?]

o tinstein cownskraint sector: scalars in
longitudinal gauge and vectors

_,L-_‘ZL.-"- = 471G ((5’!0[) — ;2{)/\‘2(‘)]50) \

‘ o SH ., .., BRI
—A?z(,-“j = 47 ((5'1(][) - ;zﬁ'l.ﬁ'zr§'ff() -+ (OU -3 12 ) (’j-ij) :

~

k2V; = 167G (83 — hik;)6Tj0,
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CnC: the upshot!

Random stress fluctuations at
UV scale A ( ij

Einstein eq. for anisotropic K20 ~ M 2AUT,

stress
Variance of Metric perturbations e A°
grows as distance (Bg )"~ MAk
P
A UV/IR Heisenberg uncertainty Ay — A%v
relation IR= "4
r
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Spectral Representation

* Most general expectation for stress correlators from
Unitarity+ Lorentz symmetry

- - Bk ey [ 1 1 1 B
<Ji“-’(r)1{l-"5(y” = / (f).,.)l {'I'Lll' {]] du [le(‘l]I).irl.-I):t;'i + pZ{Au) (',)Ilfun )l-*_ff + ")'Jit.‘}})un - jj)}uzlnzuf):l H(}‘))zﬁé(}‘-"}'ﬂ)«

)

-

e p's must positive. P = nu — kuk, /k?

* Cosmological constraints will roughly translate to

" du __ i
/ e p2(p) < (10 TeV — 1 PeV)?

\/ﬁ

* Pulsar Timing constraints

/' A1 (1) < (600 GeV)®
—pa(u) < (6 eV
gt
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E.q., a free scalar field

 For a weakly coupled scalar Fi =k — k3

field

m21?
L ] O — 4m*)
Iz
- —) e :l.’ . k{)

« For large scale, real-space oo

correlations, one can deform /

the contour to get

P

m”

preit() = 15603 =
e Described by Poisson model

O(—p)
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CMB anisotropies

/

CMB photon gets out CMB photon comes in

* Integrated Sachs-Wolfe (ISW) effect

(STISW(f")
T

. Moday d / / 1At

nLss

o |[SW effect due to metric fluctuations, due to a
scalar vacuum
I+ 0)ePY 49 mPt
2m 288072 M}
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power spectrum of

Planck
WMAP9
- ACT
t_ b d ' \* ] SPT

Lﬁ \e"’i.n

m < 24 TeV!

500 1000 1500 2000 2500 3000
14
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NA, Kim & Nelson 2017

Pulsar Timing

o Same as ISW effect, exc,
@ different times, not
directions

— Vil + a(hy )|

$, complex) ! 480 3 M‘u,
¥, Majorana)

-;',‘ Dl.ld.L) ~ -4 X 10-"3(16\' ( m )5
(X = A, real) 7 \600 GeV

» (X = A,, complex).
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Meet PSR J1909-3744!

1
{
£ Ji
'

o P=2947 ms, d=1.26 kpc

»
1] »
) e -
e *“ . e
Py . g . ,.|
e -~ g -

@ he < 3.2x10715 @f=0.2/jr - Mg 4-:600 GeV
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No Phusics “beuyond”
Sktandard Model?

Drei Generationen
der Materie (Fermionen)

Masse 173,07 GeV W | 125,9 Gev

Ladung % g 0 H
Spin %] o0
top - Quant

Higgs

Name Boson

<18.2 MaV

sz V‘t

Elektron- y! Tau-
Neutrino Neutrino

105,7 MeV 1,777 GeV

ol 5 il
eliplit

Elektron Myon Tau
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No Phusics “beuyond”
Skandard Model?

Drei Generationen
der Materie (Fermionen)
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Masse- 1,275 GeV
Ladung
Spin

Name

<0,19 MeV

3’; V K

Elektron- Myon-
Neutrino Neutrino

105,7 MaV

. €
V2

Elektron

1l

f’z V‘t

Tau-
Neutrino

1,777 GeV

-1
v T

125,9 Gev

0

0 I I
Higgs
Boson
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No Phusics “beuond”
Sktandard Model?

Drei Generationen
der Materie (Fermionen)

Masse 173,07 GaV
Ladung—{ 35 %
Spin

Name

<0,19 MeV

0
fq’ve !«"'zv}l

Elektron- Myon- Tau-
Neutrino Neutrino Neutrino

onen

0,511 MaVv 105,7 MeV

-1
Y2

Elektron

S

Eichbos
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Remember
‘DL*Pkaﬁov\ excess?

@ 30 dL-Phokon excess i
LHC/CMS

o A new Parkicl.e. at 750

CreV?

My slide from May 2016 at NBI, Copenhagen!
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Cubtline

o Prelude: Hier&r(;wj th Nature
o Cosmological Non-Constant (ChC) Problem
® Nk'j cnC?
o ChC n Astrophysics:
o Cosmic Microwave Background

o Pulsar Timing Observations

) Epili)gz,te,f The ?(}H? Of the E'ﬁ;mcii‘iva Fleld T’iw;.ornj
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Cosmological Nown-
Constant (CnC) Prabtem

o Vacuum energy-momentum fluctuations can also

source gravi.l:v

) Tketj change the gravitational constraint sector in the
IR, thru equat-—ﬁnf\e correlators

o Heisenberq Uhce;r&ai.m&v PrLV\CLFLa for UW/IR observables

o CnC ProbLem is more severe thawn the old CC P\"Obli{nﬁ,
due to the positivity of the spectral functions or
entropy, ie. fine-tuning doesnt work
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O-F'ev\ Quesktions

What about the early universe/inflation/Dark
Matter?

The damned minutes sign!!
What happens bevow:l Linear order?

Nature of IR cubt-off? massive gravity, Dark
Energy?

Connection to ko{.ogmpkv [Ask me if interested!]
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Final Thoughts

o CnC: Quantum Gvrcwi.tj cou.FLes OV and IR
o Askropkvsics — no Particle scale be.jond
R 24 TeV (CMB), 600 GeV (Pu.l.sar timing)

o Also motivated by solving the Higgs hierarchy
problem, e.g. Large Extra Dimensions, conformal

Higqgs
o Target for LISA/LIGO?

o EFT: Just think outside the box!
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