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Standard Model Measurements @ LHC

Standard Model Total Production Cross Section Measurements siawus: March 2019
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Higgs Mass Measurements
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« ATLAS + CI\/IS /7" and yy final states

* Run 112509 +0.21 (stat) =0.11 (syst)

Signal strength (1)
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Theoretical Constraints on Higgs Mass

|

» Large M,, — large selt-coupling — blow up at

MQ) = M) == 10g @20 - JIEIETEY
2120t 7 0 10114208 GeV/

» Small: renormalization ™\, T
due to t quark drives s \ %
quartic coupling<0 | ..
at some scale A o ]

—> Vacuum uI].Stable mtl;llo’f 0 10° 100 100 .;:.m om Im”ﬂ

RGE scale g in GeV

« Vacuum could be stabilized by Supersymmetry
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Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio & Strumia, arXiv:1307.3536
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|+ Sensitive to o, as well as m, and M,

| Vacuum Instability in the Standard Model

V]

y

H

Andreassen, Frost & Schwartz, arXiv:1707.08124
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Instability during Inflation?

Hook, Kearney, Shakya & Zurek: arXiv:1404.5953
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|« Do AdS regions eat us?
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Standard Model as an
Effective F|eld Theory

Supplement Standard I\/Iodel with hlgher-
dimensional interactions generated by new

physics at scale A

Leading dimension-6 operators:
LsverT O Lsm + Z %O?

Use data to constrain opera{or coefficients

ook for indirect effects of physics beyond the

Standard Model

P »
" g »




Dimension-6 Operators in Warsaw Basis

 Involved in precision electroweak, diboson data

o® (1)

C Cu
Ufgﬂ (HTzD LH)(I q«#s)+ L (HHD H)(JT“E)JF—(ET# ) (Iv#1)

CHD
'U

ifét(ﬂup H)(ey"e) + 5 (H'i D ,H) (1y"u) + —5°

Ci, @;p
+ (B D LH)(ar'vg) + —  (H'i D ,H)(ar"q) +

Warsaw
LovErT 2

HWB

i

= S

HT 'HwW], B C
iju Cﬂd,

+ (HTD H‘ +

n (H'iD JH)(dy*d)

Cﬁf
02

 Operators affecting Higgs observables

TJK yxrlvyrsJpyrr K p
L TEW W P!

G“” (H'H)(quH)

arsaw GLH Gdff _
LINERT D 02 (HTH)(JEH) 2 (HTH)( qdH) +
C’c,

C Cuc _
— FABCGAvGBrGSH + ZUE (HTH)O(HTH) + =47 (g0 T4u) H G,
v2

CHW CHG

Cr
HtEWL W =20 gty BWB“’” +—CHIHGA G

‘U 1} “U

+

N e = = T T =
LR A _aaile L R L N e N il . T e N,




Updated Global SMEFT Fit

to Higgs, Diboson and Electroweak Data

 Global fit to dimension-6 operators using
precision electroweak data, W*W- at LEP,
Higgs and diboson data from LHC Runs 1
and 2

 Improvements in the constraints from Run 2

|+ Constraints on BSM models
— Some contribute to operators at tree level
— Stops that contribute at loop level




Run 2 Higgs
Measurements
used In
SMEFT Fit

Include all
available

kinematical

Information
+ WW
measurement

at high p+
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Production Decay Sig. Stren. Production
1-jet, pr > 450 bb 2.3718 pp
Zh W 0.9+0.5 Zh pd
Wh bb L7+0.7 Wh / /£
tth bb —0.19705) # Q\,\ 61
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Results of Global Fit in Warsaw Basis

Fit to all operators simultaneously
« All data

9 T

o

% b # {} “ P it

}

NB: Different
scale factors

JE, Murphy, Sanz & You, arXiv:1803.03252



JE, Murphy, Sanz & You, arXiv:1803.03252

Results of Global Fit in Warsaw Basis

LT LTy

Fit to each operator individually

0.02} + All data

NB: Different
scale factors




JE, Murphy, Sanz & You, arXiv:1803.03252

Summary

A s SR |

95% CL limits

=
N

10

>
Q
=,

O
é
=

O 0O I P E T ETRTee s, T eSSt




wom=p -;i_—! ",‘ e Bt U= SORCAE Y S ¥ gl B d W W

Dark-l\/lattér Cérididates
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WIMP Candidates

Could have right density iIf weigh 100 to 1000
GeV (accessible to LHC experiments?)

Present in many extensions of Standard Model

Particularly in attempts to understand strength
of weak interactions, mass of Higgs boson

Examples:
— Extra dimensions of space

— Supersymmetry '
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What lies beyond the Standard Model?

Supersymmetry

o New motivations
Stabilize electroweak Vacuum  [Feny e

 Successful prediction for Higgs mass
— Should be <130 GeV In simple models

|« Successful predictions for couplings
— Should be within few % of SM values

|* Naturalness, GUTSs, string, ..., dark matter‘;'

S -
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Searches for WIMP Dark Matter

Annihilation
Dark Matter g particles > Standard Model

Ncosmic rays

Annihilation Production
Intheearly => € atparticle
Universe colliders

()

Dark Matter Direct dark matter Standard Model
detection



Classic LHC Dark Matter Signature

zzzzz

Missing transverse energy < Ha
B carried away by dark matter particles % ?
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Nothing (yet) at the LHC

NO supersymmetry Nothing else, either
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More of same?

Unexplored nooks?
i sea=wm  Novel signatures?
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Inputs to Global Fits for New Physics | ™=

Electroweak Observable r—
nservables

[ ay 211 Nkehhood, MEWV
avour r(Bs — " ) [63] 2.04 £ 0.44(stat.) £ 0.05(syst.) ps
. ' [65]/ 0.988 + 0.045gx e + 0.06814 50 = 0.05001 susy
Dservables- 5M _" i Tt | 096 =11

D960 = LE2TEERPe = DLUUETEM

Interpretation T R
requires v

34, 60] / [66] 1.007 = 0.004exr + 0.116sm

[34, 70] / [71] 1.0005 = 0.001Tgxp = 0.0093 14

0 | (][] ,-,:.:},': [72]/ [73] 2.01 £ 1.30exp £ 0.18sn

Dark Matter
LHC g —F qqx i, box, X

G — gy [16] Likelihood in the (mg, myy)

observables b b3 [16] Likelihood in the (m;, m ),

t —+ %7, ex), b [16] Likelihood in the (mg ,mgo), plane

i bR et W RS [18] Likelihood in the (m_+,mg) plane

¥ = R TR EY [18] Likelihood in the {mig,mﬁp} plane
Heavy stable charged particles [74] Fast simulation based on [74, 75)

HiA—=7171" [28,29,76, 77 Likelihood in the {M4,tan ) plane




Quo Vadis g - 27

370

« Strong discrepancy between BNL experiment and e“e- data now ~

New physics

at TeV scale?

SUSY?
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[MOFEE MINIMALJ

[COMPRESSED]

[SUF’ERSOF'IJ

E%EMI-NATUEAL%
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‘/ PLETHORA OF MODELS CONSISTENT
[ orT ] WITH DATA, MANY OF THEM NATURAL.
WHERE DOES THE DATA POINT US?




Analysis of pMSSM11

3 gaugino masses : M 23,

2 squark masses : mgz =myg,, Mg,

- » Phenomenological MSSM | # mg, = mgmy, .
. - 2 slepton masses : m; = m; =my; = Mz my
with 11 parameters | e e e
j 1 trilinear coupling : A, | (1)

: Sample parameter Space Higgs mixing parameter : u,
using Multinest technique | pscudoscalar Higgs mass: Ma,

ratio of vevs : tan 3,

g Sampling With/Without g' Para;:é;:er Range Number of ‘
se ents ||
9 M, (-4,4) TeV gTE ;
M, (0,4) TeV 2
. - M. -4 ,4) TeV 4
|+ Dedicated sampling of i 04yt | 2
5 - m:’f.‘: { 0 3 4 ) TE‘V 2
Dark Matter regions mg (0,2)Tev | 1
T3 (0,2) TeV 1
: - o ﬂf’f,'l 0 . 4 TeV 2 [
|+ Sample 2 x 10° points y sy | 1 |
% ) (-5,5) TeV 1 _
Bagnaschl Sakurai, JE et al, arXiv:1710.11091 & tan § (1,60 ! -
- ey T g = : | Total number of boxes | | 384 |H.
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Sparticle Masses In the pMSSM o

4000 & production at e+e- colllders

ma $TE:£;§
G

3000}

2000 S —

Particle Masses [GeV]

1000 .

My My MM T TG TG T TGS T e T, Ty Ty Ty Ty Ty Ty, Ty, Ty, Mg, Mg T, My, Ty, T

- 68 & 95% CL ranges
- Best-fit values

- Accessible in pair production at ILC500, I1LC1000, CLIC




Sparticle Masses In the pMSSM

& production at e+e- colliders
masTeR
g
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e
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1000
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- 68 & 95% CL ranges
Best-fit values

- Accessible in pair production at ((ILC500)), (ILC1000), CLIC

Bagnaschi, Sakurai, JE et al,




Fit without gM

Higgs properties in the pPMSSM

Fit with g -2

 LHOI%,wi(5-%), — LHCLS, wis (s —2),  LHCIS,wiy-2), —_ LHCI3, wis(g %)
PMBESMIL  __ rHeom wiig-2), —__. LEICA, wiaig—2), PMESMI1___ opmcs wig-u, oo I.Hca,w.-'(..;;, 2,
gl g : h[ masr_ni.nm_..
i
G- ] I
:\;}{ :'\'><
ar <y
- No issue with
2 2
measured Higgs mass | . |
fao 122 124 126 128 130 0.0 0.5 1.0 15 2.0

- Central values of decay Mi(GeV] BRSSW/SH
BRs similar to SM
- Substantial deviations

possible PMSSMIL ___ ncswrs 5 o HO8 sl
MESTERc. J'I MASTER e,
3 =1 T -
] ]
Bagnaschi, Sakurai, JE et al, 3, 3,
arXiv:1710.11091
2- 2
0 0 .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

oy MSSM /SM L MSSM/SM



Direct Dark Matter Searches

’,: '} 1Y

» Compilation of present and future sensitivities

s 5
WIMP-nucleon cross section [em*©)
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Simplified Dark Matter Models

 Dark matter y + mediator particle of spin 0 or 1

« Assume leptophobic gauge boson Y of some
U(1)’ with vector and/or axial-vector couplings

» Model parameters:
— Coupling of mediator Y to dark matter: gp,
— Coupling of Y to quarks (assumed universal): gqy,
— Mediator mass: my,
— Dark matter particle mass: m,

|+ Global analysis using MasterCode

Bagnaschi, ..., JE et al, arXiv:1905.00892 -




Dark Matter Simplified Models

Leptophobic vector mediator

—_— DMSM spin-1 vector: 1o, 2¢

—_— — DMSM spin-1 vector: la, 20
yol J ] o MasTeAcoos, |
wn E : o - |
2 3 i _,"q—'j [0 3 - -
2 -1 (q0]
= | =
S | X 0!
. ‘ - e ex L.
s | < s-channel annihilation
)] -3 ° -2
e | 20
1 (@)]
=3 N S
_— a o* J
% SE MasTERcwmse) 3 8
E > DoOEy 3
3 | t-channel ~= ] O
-6 ! . , L = L L | .
T 1000 2000 3000 4000 5000 +0 0 1000 2000 3000 4000 5000
my [GeV] my [GeV]

Mediator masses between 100 GeV and > 5 TeV allowed

Bagnaschi, ..., JE et al, arXiv:1905.00892




Dark Matter Simplified Models

Leptophobic vector mediator

—_—— DMSM spin-1 vector: 1e, 20 —_—

—_— DMSM spin-1 vector: 1a, 2a

5 MasTeRqge.
L e

s-channel annihilation

MASTEM:cou,

,_.
=
=]

' v

o
o

(=}
X

o
o

Coupling to SM particles
Coupling to daark matter

v
t-clhannel

0 500 1000 1500 2000 2500 500 1000 1500 2000 2500
m, [GeV] m, [GeV]

o
I

f

DM particle masses between 50 GeV and > 2.5 TeV allowed

Bagnaschi, ..., JE et al, arXiv:1905.00892




Leptophobic vector mediator @ Leptophobic axial mediator

Dark Matter Simplified Models

Spin-independent scattering Spin-dependent scattering

—_— — DMSM spin-1 vector: 1o, 20 —_—— DMSM spin-1 axial-vector: 1+, 2o
1078 . : 107 .
10 L MasTeAcmoe, 103 L MasTER:con |
104 o " -
o lD' L
107t ——— TDEX-1
104 | 1077 ]
— — -41
5 o1p L =_ 10
= =
G 10 Y, 10
SRl A 104
1D-"-'|'|.-'| B 1ﬂ-dl1-
=47
107 ¢+ 1045 L
10%
10| 1041
a7 Xe neutring bkgd (Rewutgon)
10°*° v 10 10° 10 107 10°
10
m, [GeV] m, [GeV]

Scattering could be close to experimental limits

Bagnaschi, ..., JE et al, arXiv:1905.00892




Unify the Fundamental Interactions:

Emstem S Dream




Will LHC experiments create black holes?

entire

Cosmic rays have not harmed us!

vanish
Instantly



String Bump Hunting @ LHC

 Look for string recurrences in jets, y + jets

Signal—to—Noise

Anchordoqui, Antoniadis, Dal, Feng, Goldberg,Huang, Lust, Stojkovic, Taylor, arXiv:1407.8120
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Circular
Colliders #

L'L r

The vision:

explore 10 TeV scale
directly (100 TeV pp) +
Indirectly (e*e)

; ,‘t / ‘
BNy, - Sy G, T |
| CEPC-SPPC i.——-‘ ‘

~ | HC shape D Study boundary Molasse Carried
== FCC shape Limestone molasse

r- Prefiminary Conceplual Design Repord <.
p _ - . i N |

e T e L —



Projected e*e- Colliders:
Luminosity vs Energy

cm?s]

“Luminosity [1

10°

10

(91.2 GeV) : 4.6 x 10°° cmZs™

. CEPC (Baseline, 2 IPsT)

(161 GeV): 5.6 x 10* cm2s™’

(240 GeV): 1.7 x 10*° cm2s

. FCC-ee (Baseline, 2 IPs




SMEFT Analysis
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= Higgs Cross Sections

« At the LHC and beyond:

3
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5 (BR(H — yy) / BR(H — eeup) ) (%)

10

107"

FCC-hh Simulation (Delphes)

{s = 100 TeV - stat + syst (cons.)
~— sgtat + syst (optim.)
L =30 ab’
- stat. only

BR(H — yy)
BR(H — eeuu)
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Triple-Higgs Coupling Analysis

Higgs@FC WG | di-H, excl. Bl di-H, glob. ¥ single-H, excl. [l single-H, glob. |

All future colliders combined with HL-LHC

HL-LHC IR

HE-LHC =

FCC-ee/eh/hh | 4
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quark-Gluino Plane
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How to get there from here?
Go around In circles!




Best-Fit Sparticle Spectrum |™ -

Phenomenological MSSM

Mass / GeV
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Bagnaschi, Sakurai, JE et al, arXiv:1710.11091



Best-Fit Sparticle Spectrum | ™57

Phenomenological MSSM Fit including g,-2
E 4000 - Al H=* gﬁ
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Bagnaschi, Sakurai, JE et al, arXiv:1710.11091



Likelihood for LSP Mass | ™=
— LHC13, w/o (g — 2),

Phenomenological |t
—~——- LHC8, w/ (5— '.Z}“

MSSM | *
mEETEH:nn_E.' |

———. LHC8,wlo(g3—2),

(no assumptions
on mass parameters)
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The Lighter Stop may be Light

» * likelihood functions for mg,,, stop mixing
pMSSI\/ll]_ FH2l4 - PRI pMSSM11 ~ — FH2l4 --- FH210

ITIE?TEJI':I;;_;') MasTEeRcooe
L | ] - > }

1000 2000 3000 w0 Vg 9

0
mg (GeV) Xi/Mg

* Mo, < 500 GeV allowed with Ay? ~ 2

Bagnaschl Bahl, JE et al, arXiv:1810.10905




From Little Bangs to the Big Bang

What will
~f== happen In
- | the future?

.

S e

«1028 cm

What

happened
then?

the universe . +Today
— KREs
made of? John Ellis | Losbek
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| : Masses ~ 36, 29 solar masses  «« -
¢ .4 -+ . Radiated energy ~ 3 solar masses



Remark on Primordial Gravitational Waves

Generated by first-order electroweak phase transition
: Observable 1f |CI)|6/A2 Asmall also at HL LHC
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The Gravitational Chirp ...

. heard around the world

EE'\i 8
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| T_ime (s) ) ) Time _(s) ) )

|+ Freguency increases with time during inspiral
|+ Followed by ringdown of combined black hole
|+ Graviton mass < 10?7 X mass of electron

i  GWs of different freuenc:les have same seed
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e

Neutron Star
Merger
GW170817

il 4. . 8 -8 — . i

Longer chirp, extending to
higher frequencies

Masses < 2 solar masses
2 neutron stars!
Constraints on properties

Weak signal in Virgo helps
localization

Electromagnetic
counterpart seen in detail
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Direct Dark Matter Searches

Phenomenological MSSM
With g -2

*  — e — pMSSMI1 w/ {g — 2),: best fit, 1o, 2, 37
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Bagnaschi, Sakurai, JE et al, arXiv:1710.11091



Direct Dark Matter Searches | ™

Phenomenological MSSM

4 — — — pMSSMI11 w/{g—2),: bestfit, 1z, 20, 3o

Spin-Dependent Scattering

sensitive to quark contributions to nucleon spin

MasTeRcoce,

— I.I.:In

B Xi coann.
A/H funnel

slep coann.

stau coann.
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Without g,-2
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Bagnaschi, Sakurai, JE et al, arXiv:1710.11091



Search for Dark Matter in NS-NS

Mergers?
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Crazy ideas for dark matter signatures | -
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?: JE, Hektor, Hiitsi, Kannike, Marzola, Raidal & Vaskonen, arXiv:1710.05540 =
- "}'" : - - -
. JE Hitsi, Kannike, Marzola, Raidal & Vaskonen, arXiv:1804.01418 .
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What Happens after the Merger?
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- NS cores orbit and oscillate BRI T
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|+ Characteristic spectrum of
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| ]
Toy Mechanical Model

t [ms]

|« Neutron cores

oscillate and rotate | | Guuscionion ;W,V,V,:W. VARVYANYY %}

| Inside disc
~ |+ Captures surprisingly |
well major features of |

train fluctuations | [ toy mode

- - Takaml Rezzolla & Balottl arX|v 1403 56720 1412 3240 D 10 20




Including Dark Matter
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Models for Massive DM Cores

Conversion of neutron to heavier DM particle
Inside NS: n on Fermi surface = y

Bremsstrahlung of lighter DM particle:
n+n=n+n+y
DM mass fraction ~ 5% possible

Merger of DM star with conventional star
before/after becoming NS

DM fraction may depend on age, environment

—

4 »%

JE, Hitsi, Kannike, Marzola, Raidal & Vaskonen, arXiv:1804.01418
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! DI\/I Effects on NS Propertiés !

for various nuclear equations of state (EOS)

1

J Effects on mass and radius Effect on tidal deformabllltyL
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| Maximum mass, radius decrease ,;; Decrease in tidal deformability
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| Potential issue for some EOS || Potential constraint on EOS
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Summary

» The Big Bang raises many problems needing

physics beyond the Standard Model

 Address them in smaller bangs:
— LHC
— Direct dark matter searches
— Indirect dark matter searches
— CMB
— Black hole and neutron star mergers

TeV
keV
GeV

101 GeV ?

I\/IPIanck ?

| * “Per ardua ad astra” - By struggles to the stars |




Dark Matter Models for e* Spectrum

Secondary component
. €+E_

B

bb

Primary component

Total

AMS02 data
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* Not up-to-date
° ”lUStI’&tES problems Boudeaud et al., arXiv:1612.03924




Annihilation
mainly into bb,
some admixture of
e'er, urp
Different cosmic
ray models

Different solar
potentials

Annihilation ¢ =
272 X thermal

CTTEEF U REIATT IRV AIB NG TR ET TIETE R T B

Boudeaud et aI arX|v 1612 03924
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Cosmic-Ray Posﬂrons
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HAWC Collaboration, DOI:10.1126/science.aan4880

Diffuse y Emission near Pulsars
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HAWC Collaboration, DOI:10.1126/science.aan4880

Effect on Pulsar Positron Spectrum
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A Tough i e o L
Neighbourhood

= Auriga-

Perscus

« Weliveina

local bubble
|+ Excavated by
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| supernovae in e [QQ _
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Inhomogeneous Diffusion Coefficient?

* More similar to AMS-02 spectrum with spatial
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Antiprotons Compatible with Cosmic Rays
107, . —

¢ PAMELA 2012
¢  AMS-02 2015

— Fiducial
Uncertainty from: s Cross-sections
Propagation
W Primary slopes |
" Solar modulation
5 10 50 100
Giesen et al., arXiv:1504.04276 Kinetic energy T [GeV]




Cosmological Inflation in Light of Planck
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The Spectrum of Fluctuatlons In the
Cosmic Microwave Background

The position of the first peak
- total density Q.

The other peaks |
depend on density of [EE
ordinary matter Q

atoms |

& dark matter Qg

50 500 1000 1500 2000 2500
Multipole moment, 7



Inflationary Landscape

Planck TT4lowP+lensing4-ext

Planck + _ + BICEP/Keck data
other data ..

+BK14

Starobinsky
R + RZ model, |
Higgs inflation, q
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Challenges for Inflationary Models

 Links to low-energy physics?
— Only SV ldate for inflaton is Higgs

“BUT negative potential)....

 Link to other physics?
— SUSY partner of RH (singlet) neutrino?
— Some sort of axion?

 Links to Planck- scale physu:s’?
— Inflaton cand| -




Starobinsky Model

* Non-minimal general relativity (singularity-free

= | =

mol 1
| cosmology): / d*z\/—g(R + R%/6M?) -
. Noscalar!? 2 R Souinsy 1560 |

« Conformally equivalent to scalar field model:
| 1 L 3 :
= 6/(fim/—g;} R+ (0u¢')% — iﬂfg(l — e V?2/3¢)2

Stelle: Whitt, 1984 -

|+ Inflationary interpretation, calculation of
- pel"[urbatiOnSZ Mukhanov & Chibisov, 1981




Higgs Inflation: a Single Scalar?

Bezrukov & Shaposhnikov, arXiv:0710.3755

 Standard Model with non-minimal coupling to

1 gravity: sizf.:ﬁw’_—g{_*”g

o
LOuhOh X (o 0y }

2 4
1o Consider case 1 <« /€ <= 107 : in Einstein frame

M2 . 3,vOH
Sp = /ddmf—@{ ——F’R+ nXT X —U(;{)}

» With potential: o) = Z? (HE‘KP( ;ffp))g

| Similar to Starobinsky, but not identical
| Successful mflatlonary potentlal at x > Mp

L
Pocaag I8 1 T R L A . %M




Problem for Higgs Inflation

Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio & Strumia, arXiv:1307.3536

| 0l |
ANQ) = A(v) ‘3:*?1!; hjgg oosf. \ Instability @ §

2 Zﬂ- v v n_-:}c-.:— ‘:2 = 1011 GeV
~|» Small M,,: renormalization £ | \

ol |
UMW

| due to t quark drives { ool |
| quartic coupling <0 $ o e |
| at some scale A o Gﬁ 5
| — vacuum unstable e mm&_ R
|+ Negative potential not suitable for inflation |
Problem av0|ded Wlth supersymmetry




Inflation Cries out for Supersymmetry

{* Want “elementary” scalar field -
(at least looks elementary at energies << M)
* To get right magnitude of perturbations
prefer mass << Mg
(~ 1013 GeV in simple ¢? models)
|« And/or prefer small self-coupling A << 1
« Both technically natural with supersymmetry

JE, Nanopoulos, Olive & Tamvakis 1983 &

S
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Inflation cries out for Supergravity

__|* Stabilize ‘elementary’ scalar inflaton .
(needs mass << m; and/or small coupling)

* Supersymmetry

e The only good symmetry 1s a local symmetry |
(cf, gauge symmetry in Standard Model)

|* Local supersymmetry = supergravity

« Early Universe cosmology needs gravity

| * Supersymmetry + gravity = supergravity

WMt %
- - !
N - " < - ‘
b - . R -
: . : ~ 0 " —
. - p - « -
- ¢ - - = " g ™ | S —



No-Scale Supergravity Inflation

1+ Supersymmetry + gravity = Supergravity
| |Include conventional matter?

 Potentials in generic supergravity models have
‘holes’ with depths ~ — My*

| » EXxception: no-scale supergravit
|+ Appears in compactificatiol "IN0

|+ Flat directions, scalar potential ~ global model +
| controlled corrections

Cremmer, Ferrara, Kounnas & Nanopoulos, 1983 |-




No-Scale Supergravity Inflation Revived

JE, Nanopoulos & Olive, arXiv:1305.1247

'+ Simplest SU(2,1)/U(1) example:
« Kahler potential: K = —3In(T+7T*—|¢|?/3)

A

» Wess-Zumino superpotential: w = Zeo* - 2o’

» Assume modulus T = ¢/2 fixed by ‘string
dynamics’
- Ef . _ :

N TP

2

ow
O

| vV )
8 b2 — - =
9 Cc—1o32

« Modifications to globally supersymmetric case

9 PN PN
SSTO1C .




No-Scale Supergravity Inflation

.

* Inflationary potential for A ~ 1./3
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' Special case = Starobinsky
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JE, Nanopoulos & Olive, arXiv:1305.1247



o Starobinsky model:

— 1

o After conformal transformation:

v - 1 ~ 3 /
| S = 5/:::{4:{:1/—5 lﬁ’. + (Ou¢’)? — EMﬁ(l — e V2/3¢7)2
T - - 3 ! '

- |+ Effective potential: V = 7 M*(1 — ™ V)2

|+ |dentical with the no-scale Wess-Zumino model
- forthe case \ = u/3

by pott-"
¥ e b b —
o ‘/" o Sy . - » 2 W /'y . S -

1t actually IS Starobinsk Cecott, 1987
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How many e-Folds of Inflation?

° General expression: JE, Garcia, Nanopoulos & Olive, arXiv:1505.06986

k* 1 VQ 1— 3’wint (.-Greh ) 1
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Equation of state Inflaton

during inflaton decay decay rate




Planck Constraints on # of e-Folds

. Starobinsky-i no-scale models

® 959 » 68% Planck+BKP+BAQO

0.33338;

0.33336]

033334}
0.33332
0.33330
033328}
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0.33324!

JE, Garcia, Nanopoulos & Olive, arXiv:1505.06986



