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/ —
CMSSM scenario SPLIT-SUSY scenario
m,=~Bl=M,~1TeV M, ~1TeV

m,~ B ~10" GeV

msoft < m3/2

10
> Gravitino mass: M5, = 107 GeV (sequestering)

m, > 50TeV

> Lightest modulus: m = 10’ GeV (no CMP)

L. Aparicio’s talk

- which ki f mol an arise from them?
Q- which kind of cosmology [Aparicio et al., 2015]
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experimental constraints coming from BBN and CMB observations:

larger p,, — larger  — can modify CMB and BBN predictions



Planck 2015: there is no need for dark radiation.
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Planck 2015: there is no need for dark radiation.

BUT

> There is a positive correlation
between H,and AN ;.
> The value of H , used by
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Planck is in tension with direct | N
[Planck collaboration 2015, arXiv:1502.01589]
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measurements by the HST.
> Example reported by Planck: AN . = 0.39.

In this talk I will consider AN _ < 0.5 as

a reference upper boundon AN ;.
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The presence of moduli can
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Non-thermal history

» Quantum corrections displace moduli during inflation
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DR in type 11B

[Allahaverdi et al., 2014]

In string compactifications with perturbative moduli stabilisation,
the production of dark radiation is UNAVOIDABLE.

Y, could act as DR

> TypeIlB: T,=rT1,+iy, (volume modulus)

3/2
1) T, perturbative: m_ =M |V [
2) P, non-perturbative: m, =M, e’ ~0

> LVS stabilization

= 3 3 Y,
K>-3log(T,+ T ) _ /3
§ ‘g( b b) CN: @ \/;logrb a, 2Tt
5 O=(D)+5D
W
%intD_ Eéq)auaba Clb
—> Decay width ® — a, a,: I = 1 mq) =1,

487[M
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Decay channels into the visible sector

» Decay into visible 2
I Oy r,<T, always loop
gauge bosons P—AA T T suppressed
dP-AA
» Decay into fermions, 5
. o always
gauginos and higgsinos  I'y, .. =|—| ', < I,
O - ff my, suppressed
» Decay into scalar fields m,. 2 depends
o ~a Iy  eme=|— —_—
b-C7C Pocc Mg, on the ratio |—
(mass-terms) Mg,

> Higgs fields ~ Tq_yy =f(Z,my,BA)T,
®—->H H, (Bi- termGM term Z)/ — | independent of the soft

® - H,,H,, (mass- terms) spectrum

Total decayrate: I, = (1+c )F
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» Decay channel into scalars is

very suppressed

. |c.=227°
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. 43 1 .g(Tdec)

> DR produced: AN =
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[Higaki, Takahashi, 2012]
[Angus, Conlon et al,, 2013 ]



Sequestered CMSSM X M
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Decay channel into scalars is T, o= m, r,<T,
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> DR produced: AN T, g(T,..)~86.25
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[Higaki, Takahashi, 2012]
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Sequestered Split-SUSY




Sequestered Split-SUSY

Kinematical condition mg, > 2m, for the decay ® —» CC tobe

allowed requires string loop corrections.




Sequestered Split-SUSY

Kinematical condition mg, >2m, for the decay ® —» CC tobe

allowed requires string loop corrections.

Decay channels:

®—>CC Mass

_ ®—->H H M L -t
®->H,,H, | terms ¢ GM& Bu -terms



Sketch of the computation:
> Lagrangian dependson @ : /()= 4. (D)—V (D)

> Idea: expand around the volume minimum: ®=(d)+§P

to find cubic interactions between scalar fields and 0 ®



Sketch of the computation:
> Lagrangian dependson @ : /()= 4. (D)—V (D)

> Idea: expand around the volume minimum: ®=(d)+§P

to find cubic interactions between scalar fields and 0 ®

» Start from the Kdhler potential which determines the kinetic terms:

27
T +7T, H,H,+hc.|— £ (D)

2 _
K=—2logv+—=-Y Cc*C*+
gV Tb+TbZ‘



Sketch of the computation:
> Lagrangian dependson @ : /()= 4. (D)—V (D)

> Idea: expand around the volume minimum: ®=(d)+§P

to find cubic interactions between scalar fields and 0 ®

» Start from the Kdhler potential which determines the kinetic terms:

27
T +7T, H,H,+hc.|— £ (D)

2 _
K=—2logv+—=-Y Cc*C*+
gV Tb+TbZ‘

» Consider canonically normalized fields:
RH H' R C” 3C*

u 0 —

h1:m h2:m\/<‘[—b> “ <Tb> Ao m




Sketch of the computation:
> Lagrangian dependson @ : /()= 4. (D)—V (D)

> Idea: expand around the volume minimum: ®=(d)+§P

to find cubic interactions between scalar fields and 0 ®

» Start from the Kdhler potential which determines the kinetic terms:

27
T +7T, H,H,+hc.|— £ (D)

2 _
K=—2logv+—=-Y Cc*C*+
gV Tb+TbZ‘

» Consider canonically normalized fields:

, R4, A H, o5, = RC o _3C”
1—\m ) \m o <Tb> o m

» The scalar potential takes the form:

5 8
V = VLVS+?Z (0“2+X“2)+%(ﬁ2+m3)2 h?"‘Bﬁ(hlh4_h2h3+h6h7_h5h8)
o i=1
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» Expand the soft-terms which depend on the volume,

9 |2
-2y 28®
S\

» Integrate by parts and use the e.om:.:

for example:  m,(®)=m;,

0% =—mio" Ox =—myx" O*h =—0>+mi|h—Bih, ..

8
» Interaction lagrangian: . = ﬁ me d® Y bl +mi dD D, C*C|+
(neglecting the (i -term) . = )
+|—= B+ Zmy| 8D (h h,—h,hy+h h,—h.h,)
V6
> ' m
The total decay rate into Bii = Zmé o=
the visible sector is given by: Mg

2N

c. = 22%7c2—1f+49a41+—z— V1-4¢

V1S

2 N =90 squarks and sleptons d.o.f. in the MSSM
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Results AN

0.14 047 'EI'.'EI' 1.14 148 1.81

> A large region of the
parameter space admits
values of AN _<0.5.

» Most of the suppression

is due to the decay into

scalars.

ForZ=1.m,=10"GeVand ¢ = 0.45we get AN +=0.14
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Q: is the result modified by taking into account the RG flow?




The result is essentially independent of the RG running.

» Scalars don't run,
except for m; and m; .
> We take the

running of Bl and

Z into account.

» We didn't study the
EWSB so far.

m|GeV |

tanp =14

tan3 = 1.6

8 % 10°

7% 10°

6 X 10°

other scalars

SusyHD + SARAH
[Vegaq, Villadoro, 2015]
[Staub,2012]

\
9 11 13 15 16
log(0/GeV)

For mg,=22%x10" GeV

weget AN_=0.16
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decay into scalar fields is kinematically allowed.



Conclusions and next steps

We have shown that the the amount of DR produced in Split-SUSY,
LVS sequestered string models with all moduli stabilized and dS
vacua is generically within the current experimental bounds, if the

decay into scalar fields is kinematically allowed.

EWSB has to be analyzed carefully.
Correlation with DM production.



Thank you!



Yocﬁy

Yukawas: Y Kiz __ _
VK K K,

— €

~

Locality of Yukawa couplings requires: K = eK/3

% fO(

§S3/2

We parameterize the Kdhler matter metric K = l—c,
2/3
V V
2 _3/2
» 15 1M, T 1
Scalar masses: m,=—|c,— C,# =
217 3 3
V
2 112
2 My, Ty
Volume modulus mass: Mg = #
V
2
V m, 1
InLVS: T,=log|—|> | wmmd Tipically; — = 7
W, my 4




Es

Introduce SL corrections into the Kdhler potential: 0 K, ==

loop ~ v2/3
3/2
~ C
Matter metric gets modified: K= ! 1—c, Ss _ Clop &
V 2/3 V V 2/3
Scalar masses take the form:
3/2 /
m2_1_50_1 TS —|e _1 2gs m2 T:§23L
0 217 3 V loop 3 V2/3 3/2 > 2 g,

1x107F

———  Enlarge the region

8x 108}

of the parameter

space where the o T
decay is possible: ax10°|
i.e. fOf‘ CS: 1/3 2% 106/

— 0.04 005 0.06 0.07 0.08 0.09 O.IIO
and ¢, = 0

&s



Canonically normalized fields:

- RH P H

1 ‘\/<Tb> ’ ‘\/<Tb>

R T
= J = J

’ ‘\/<Tb> ‘ ‘\/<Tb>

RC”
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