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Dynamical Inflection Point Inflation (1) (200809639

® Coleman Weinberg Potential:

V(¢) = A{¢* [In(¢/f) — §] + £*/4}

Features:
1. Potential is very flat for fields with ¢ < f
2.  Last term adjusts cosmological constantto 0



Dynamical Inflection Point Inflation (2)

e Typical Inflation M2 V'(9)
Analysis: Slow Roll T TV -
. 1"
Parameters: n= V"(¢)
o All parameters V() | 4=y,
must be < 1 + V" (9)V'(9)
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Dynamical Inflection Point Inflation (3)

e Mapping Slow Roll to

n.e ~ 1—06¢€ 2 _
Observables: > v T "

r = 1060¢€,,
n, = 0.9691+0.0041, Qg = 16 Ev Ty — 24 63 — 2 5\2, )
r < 0.067,
a; = 0.0023 +0.0063 , 1 V3
A, = (2.189+0.053) x 107° As ~

1272 V72



Dynamical Inflection Point Inflation (4)

e Coleman Weinberg predicts:  71¢g = 095

.f<Mpl — y < Ny

a2 V'(9)
® TLS A ]_ —|— 277V n_Mpl V(¢) S

Strategy: Study a small field potential with an inflection point!



Dynamical Inflection Point Inflation (5)

e Solution: Modify CW by
taking Renormalization Group
(RG) improved version

e Multiple =0 => slow
rolling from boundary
ensured

% (:binf
[ ] ¢min a5 /
0 L", : — _ . e

(), 'i

[2008.09639]

t = In(é/ o)

vie) = (A+gh) e,

V(8 = JUR+T8+E) S



Dynamical Inflection Point Inflation (6)

® Possible realizations:
o Scalar Quartic Coupling - Planck-scale masses
o U(1) - Abelian
m Such realizations exist (e.g. [1610.09362])
® Planck Mass-scale fields required
o  SU(N_c) - Non-Abelian
m This work



Dynamical Inflection Point Inflation (7)

1) Heuristics for Achieving Dynamical Inflection Point Inflation
a) Must have at least one massless fermion below scale M
b) Must have 5, > Ofor fields at scale ¢ > M

c) Musthave 3, > By to have two parametrically separated zeros of [
— N.>2,Njp > 1, Nyy > 11.23

Choose N, = 2and N;p = 1. Then a VL SM copy would
require Nyy = 15.



Dynamical Inflection Point Inflation (8)

1) Prescription for determining the potential:
a) Fix mass scale M
b) Fix slow roll constraints from observables
c) Iteratively solve:
d) Ensure that there are inflection points below scale M

V(g) = —%gb“ l1+bln2 (%) — ¢ In? <%) @(gb—M)] + aVj
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Model Realization: Inputs

® |nput:
o Mass Scale M
o Number of new fields
o Observables from
CMB
e Qutput:
o Coupling gb
o Quartic Inflaton
Coupling
o Inflaton VeV
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Model Realization: Fields

Add 2 additional
generations of
Vector-like fermions
and the scalar inflaton

fields

ny SU(3)F X SU(2)D X SU(Q)L X U(l)y
U, = (g) 1 (3,2,1,2/3)
i = (g) 1 (3,2,1,-2/3)
D, = (1?*‘) 1 (3,2,1-1/3)
Ss
D, = <§-’) 1 (3,2,1,1/3)
Ss
E, = (ETS) 1 (1:21.41)
:#s
B, = () 1 (1,2,1,1)
A#s
; N
N, = (1) 1 (1,2,1,0)
5,
N, = tj‘) 1 (1,2,1,0)
e
; T By
-804 1 3,2,2,1/6
0u (qdqd) (3:2,2,1/6)
G| 5 28) 4 (3,2,2,-1/6)
Ca 5:d
'3 ]v‘rd E'rd)
| P i B | 1,2,2,-1/2
; (N ¥ (122172
fa= N Bre)|4 (1,2,2,1/2)
Nud pd
X 1 (1,1,1,0)
X 1 (1,1,1,0)
) 1 (1,2,1,0)
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Model Constraint: SM Mass Mixing (1)

G5 yfvhff + y{zqu,ﬁsf + y£v¢fﬁ’d + M (FSI:"S i ﬁ‘dﬁ’d)

— yrop 0 y{,’U@ [_
— (f F* Fd) yhvy M0 Fe
0 0 M Fd

mtOEL

:>M=(ERMO)
0 0 M

13



€

V2(M —my)

BLz

€
oL ~ —

Model Constraints: SM Mass Mixing (2) V2(M +my)

chcéll CgLséL SgL \
: : _ fof fof S S Fof o
® Perturbationresults: L(f)=|-sl c, — ¢, si s, o, — s sl sl s,
foof I foof of foof
~ C4.50,Cyy, £ SorSvr T CrS6.%, — CoSys CGLC'(/)L)
e Assumingy L=y R: e
o Top left diagonalized entry
éZ.)(lO'8
® Result: B
M? —m3
yma:z:z Vl_rz
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Constraints on Testable Phase Space

Important Contributions:

O

O
O
O

Mass mixing
Oblique Parameters 0.001

KW(S)

Reheating Temperature

Upper Bound on Left-handed Top
quark decay

Collider Bounds on Vector like
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. 500
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1000

5000
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10*
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Collider Search - Model Implementation

1.) Model file written with SARAH

i) Generate SPheno to compute all relevant masses/couplings
after mixing

ii) Generate Universal Feynrules Output (UFO) files for
Madgraph

2.) Generate Events with Madgraph

i) Use UFO files
ii) Use SPheno cards as input parameter cards
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Collider Search - Current Targeted Signals

Pair Production Signals:

© w'p~ = FF  (muon beam)

o ~v — FF (muonbeam)

o pp— FF  (muonbeam)

o pp— FF (LHC)
Note: Singlet and Doublet cases are analyzed separately
Background analysis is forthcoming
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Preliminary Signal Scan Cross Sections - Singlets

Muon Collider
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Preliminary Signhal Scan Cross Sections - Doublets
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Preliminary Signal Scan Cross Sections: LHC
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Conclusions and Next Steps:

e Heavy fermions coupling to an inflation field facilitate dynamical inflection point

inflation
e This study creates a link between early universe cosmology and particle

searches with collider physics.

Thank you for
your attention!
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SM Coupling Running
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Dynamical Inflection Point Inflation (6)

Vector-Like
Model Realization: Fermions
1 ~ Nuyv ~ %
L= — GG, + (D2)'(D®) + ixdx + gDy — ), M
i=Nir+1
A 2 .
—~ (®'®)" — (@4 Y x +hec) ,

e Non-Abelian SU(N.) dark sector added
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SM vs. Singlet vs. Doublet Comparison
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Dynamical Inflection Point Inflation - General

o Definitions: ¢ = log (Q%)a ta = log (%)

e Integrate beta functions:

11 2 1 2
g(t) = Go+— /‘698 |:<ch - gNIR - 6) t+ g(NIR — NUV)(t = tM)@(t e tM)]
3 T T Nc2 -1,
Y(t) = Y() + Kt §Y0 Y()YO T Y() tr(YOYo) -3 ON 90 Yo .
M) = X — K22 [gg . 3(Ne — 1)(;\%27; 2N, —2) " (%Nc B ;NIR B %) N
2 _
Atr (YQ;YOY{gYO) tr (YgYO) +6tr (YgYOYgYOYgYO) —6 NCNC L ztr (YJ;YOYE,YO)]

N, — 1)(N2 + 2N, — 2
: X N2 ) k% g8 (Nuv — Nr) (t — tar)*> O(t — tar)
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Dynamical Inflection Point Inflation (11)

o) = m= g |t 3 (Vov = 1t~ tu)O(t ~ tar)
y(O) = w— ghuit,
AE) = Ao — %,& G 4 gﬁ 68 (Noy — 1)t — £a)2 Ot — t)
V(g) = %qﬁ‘l [1 — 44312“;098 n? (%) + 3; ifg (Nyv — 1) In? (%) O(¢ — M)] + Vo
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Dynamical Inflection Point Inflation (10)

43 2
R )

5 4 9
By = n(—y?’——gzy),

2 4
By = f<;<§g4—2y4—9g2)\+4y2)\—|—24)\2)

Brm 0 if y=ig
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Dynamical Inflection Point Inflation (8)

® Non-Abelian Beta Functions:

11 1

By = —kg’ (?Nc 6

_ 2ny
3 )

N2 —1
By = k (g YY'Y + Ytr(Y'Y) - 3—5_——¢? Y> ;

2N,

B = « 3(N, — 1)(N2 + 2N, — 2)
= AN2

e Solvefor 5y, =0 w

Cc

gt —2tr(Y'Y YY)

AgZ+4X2tr(YTY) +4 (N, +4) )\2)
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Model Constraints: SM Mass Mixing (2)

m; +e€; mpeg  Meg
_ _ . MM mrer M>+en 0
® Squaring matrix elements yields: Me; 0 M2
m + €% Me mre
e Perturbation Theory: MM = MERR MgR 6 L
mee, 0 M?+ €7
) = %) + 3 [K)
0 0
£ > E( )

k#n

|
|
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Model Constraints: Oblique Parameters

e New fields should appear in gauge boson loops.
® Explore correctionsto S, T, U, V, W, X parameters.
® For now, assume no mixing with the SM fields.
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Model Constraints: Oblique Parameters (3)

® Solve in terms of Passarino-Veltman Functions
e Expand in the high mass limit to get approximate forms:

_— 28W 2(3 4 2(43 3) )—2 -+ O(( )4)
457r v M M
OfU - o 29 SW(4COS(29W) - 1)M2 + 0(( M )4)
AV = g 62045y ~ 95 T + 0 (22 )4)
2 2 9

(8s, — 3)— o M2 +

g 2 Mz Mz 4 X _
aW = 30mW +O((M) ) o 907r2
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Model Constraints: Oblique Parameters (5)
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Model Constraints: Oblique Parameters (2)

II 2) —Tzz(0 2 — 8% dllz,(¢* dIL,,(¢*
o8 =4S%VC%}V< ZZ(mZT)nQZ 2 N CVZWS:/W Z"(’q ) ¢2=0 - ‘};gq ) q2=0>
oT _ Tww(0) _ 1Iz2(0)
- omy mj
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dg? =0 dg? ¢2=0 a7 _dnzz(qz) . sz(m%) — sz(())
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Model Constraints: Right-Handed W Decay

1074k
e kR<=13
e 1+kL<=155
e k_L constraintis 10-5k
more restrictive
£
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10_7 .\_/.
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Model Constraints: Reheating Temperature

e Lower Bound From Reheating
o Inflaton decay width corresponds to reheating

temperature
o Take T.,.;, > 4 MeV

O Result:
m Dark yukawa range bounded below at
around y ~ 107(-12)
m Coupling ~ y*vev/M ~ 0O(10)/M
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Reheating Temperature Constraints
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Model Constraints: Branching Fractions
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BR(FS ¥ Vf’)
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