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Introductory motivations

Where is —Is there— (TeV) New Physics ?7?
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message from (the) BSM at the LHC (?)
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Too early to give up on Supersymmetry!

— deep connection between internal and space-time symmetries
— unification with Gravity...

— SUSY DM candidates still viable, even for (relatively) light LSP,
despite direct / indirect search limits and LHC constraints.

— ubiquity of flat directions of the scalar potential
— potentially viable inflationary sectors?!

— In its (next-to-)minimal versions, (N)MSSM, possible relations
between constraints from inflation (prediction of the scalar spectral
index, the power spectrum normalization, etc.), and constraints from
particle physics searches ?
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MSSM flat directions

1 L.
Vsusy = Z|F¢k\2+§ZQ§DA'DA
k A
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— An MSSM flat direction — V =0

F, D := o' TA®, (¢ multiplet of ¢x’s)

— find simultaneous solutions to| F,, = 0 and D* = 0

— in the space of 49 complex scalar fields ¢, (squarks, sletons,
Higgses).

— one-to-one correspondence with gauge invariant monomials
— The (Rp-conserving)MSSM potential has O(300) flat directions!

a promising paradise for Inflation!
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— in the space of 49 complex scalar fields ¢, (squarks, sletons,
Higgses).

— one-to-one correspondence with gauge invariant monomials
— The (Rp-conserving)MSSM potential has O(300) flat directions!

a promising paradise for Inflation!
BUT...
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MSSM flat directions

a flat direction:

@ has to be lifted...

@ and by not too much — slow-roll/enough e-folding to fit
observations

— three main lifting sources:
@ renormalizable superpotential (MSSM)
@ soft SUSY breaking masses (MSSM)
= effective non-renormalizable superpotential (beyond the MSSM)
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MSSM flat directions

a flat direction:

@ has to be lifted...

@ and by not too much — slow-roll/enough e-folding to fit
observations

— three main lifting sources:
@ renormalizable superpotential (MSSM)
@ soft SUSY breaking masses (MSSM)
= effective non-renormalizable superpotential (beyond the MSSM)

e.g. — LLe or udd flat directions lifted by

Wite — A%(LLe)(LLe) resp. Wudd — A%(udd)(udd)
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Collecting the pieces...

We follow R. Allahverdi, et al., Phys. Rev. Lett. 97, 191304 (2006) and literature in line
...however, partly at variance:

oW |?
o Vsusy32‘ 6 -Wb
i

Oopi
@ SUGRA-mediated SUSY breaking:
ow
Voot = |m3/2|2 > leil® + {ms/z {Z v +(a—-3)Ww
i i !

+h.c.},

3-V3
6—+3

3+a

Voot D Zan + h.c. = 26 =

~ _ -
Az, e.g. Ag(Msusy) = ( ) A((Msusy)

@ V3p=Ll =L} =egorV3p=ut= d/.b = d¢, all other MSSM scalar fields — 0.

1 et 10 _ N
Viston () = S P —V/2As TR0 1 D = 4R lgl, As = [Ae] he = 25 >0

tree 6 Mg,l 6 Vg 18 \/é
2 _ 1 2 2 2
my = §(msoft1 + msoftg + msolta)

= Ag could be rescaled, BUT effects propagate on the PP side!
= X~ O(1) = xg < O(1)
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nS7A85

Hubble-flow params./slow-roll approx.

Value and error
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quasi-flat inflection point
M3myvT—a
— — p™e
atg = o = ( V10 )

V¢¢(¢O) =0and
V¢(¢0) =V = mi(ﬁoa + (@) (042)

0<axk 1 2sf
2.0
ea=0-100lowns ~ 1 — 4 vof 1 — a0
B ,
W10 @=0.5
ea#0—a<10 % fore; <1 osf ] — =0
— a=-0.5
0.
— a=-15
and o < 10722 to get, e.g. AN ~ 50 o N 1T
0.0 02 04 0.6 08 1.0 12 4
huge fine-tuning, challenging numerical evaluation. -

a new methodology:
1
Viree,6(#) = (1 4+ A4)% {V + A4)\6 {10(2 + A4)>\6* - \[Ae} }

Viree, 5 (¢) = 5A4)\6 [18(2 + A4)>\6* - \[Ae} Dy =gt ol — 1

— mi and \g become functions of ¢y, Ae,
— a well-defined methodology circumventing numerical high precision issues.
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RGE 'improved’ inflationary potential
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—rsame methodology as at tree-level!
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Improvements

propagation of (non-trivial) normalizations

RGE improved one-loop potential

‘exact’ one-loop fine-tuning

inclusion of Yukawa effects in the RGEs

effects of reheating on the number of e-folds
tree-level versus 1-loop for given ¢ / given Ag(Mgur)

relating to the MSSM spectrum (SUSPECTS: J.L.Kneur et al. CPC 291 (2023) 108805, [2211.16956 [hep-phl])

Mgur Inflation EWSB Mz

~ 10'5Gev ~ 10'GeV ~ 103GeV 91GeV
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GILLES WEYMANN-DESPRES ef al. PHYS. REV. D 108, 023511 (2023)

TABLE V. Fitted benchmark MSSM spectra and their status regarding the observables. The parameters are given at Myysy. All the
masses and energy scales are given in GeV. The X symbol highlights the poinis excluded by direct LHC searches (see See. VIB 1)
D H, ", Iy by A Az Ay
DM channel Higesino h-funncl A-funnel
inflaton ey, LiLoe, wydyd LiLoe, wydyd; LiLse, LiLe,
EWSB scale 25569 25568 27131 27150 4008.9 4008.9 4009.7
tan 29 266 183 247
san(u) + + -
1.237 x 10'® 3x 10" 1.295 x 10
1571 6l 400 362
2917 967 1515 1662
1931 1934 189% 1098
2864 12108 4210 9892 2564 10567 4773
2785 12108 4221 9392 3976 10400 4723 . .
3342 4068 2039 ASPIC-InspIred
2064 3931 2801
11959 9090 9860 7370 10452 7299 2984 +
2176 155 3950
3003 2330 4066 SUSPECT3
474 1952 2422
—3499 -2564 3010 +
3180 3223 2985 3020 3450 3493 1190
148 143 187 SFITTER

1108 1108 600 60.1 397 357
-3 -2 497 496 766 760
mig) 1587 -504 ~769 -763
mi#) 3005 1041 1710
7 i 496 760
3005 1041 1711
2333 2351 1389
9173 9956 3036
9162 9939 3024
2244 2031 2453
3512 3177 3971
2244 2347 3945 3972
2992 3188 4075 4059
2066 3 2055 2053
1252 1 ! 1253 1222
X 7839 36259 3625.8 7822 784.4 757.2
12596 12557 10352 10383 11005 11010 4886
o 125210 126108 LI3x10% Ll4x 10 1lex10% LITx 10 768 = 104
myldo) 11982 11973 93847 9892 10459 10487 4661
Agldn) 53757 53503 44181 44312 46970 46990 20855
Agldha) 0.0224 0.0218 0.0278 0.0269 0.0260 0.0252 0.0609
Fp (o =78) 509 51.7 6.1 46.5 415 47.0 492
LHC searches X x X
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Conclusions & Outlook

@ we have revisited the (€)MSSM inflection-point scenario of inflation, both at tree- and
one-loop levels, and shown that combined fits of particle and cosmological observables are
already sensitive to the quantum corrections to the inflationary potential.

@ careful theoretical scrutiny of the model is thus called for:

— we propagated correct normalizations — effects on the theoretical consistency and
the MSSM spectrum.

— derived full one-loop RGEs including Yukawa effects for the parameters of the
inflationary potential.

— determined the quas-flatness conditions for the full one-loop
non-polynomial potential — fine-tuning is not reduced wrt to tree-level!

@ the details of the reheating era are important (instantaneous or not) affecting the viable
parameter space regions.

@ global fit combining cosmological and particle physics observables/constaints (interfacing
ASPIC-like with SuSpect3, SFitter)

Further investigations still needed:
- SUGRA mediation assumptions
- complete one-loop effecitve potential
- explicit T, calculations
- lower effective scales e.g. M, — Mgur,...
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