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The heavy triplet scalar model:
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Vi(A, H) = MAATA + EA(A'A)Z - M} H'H + TH(H'H)z + AagH HATA +

A.(3,2) under SU2); X U(l)y + SM + Dark Matter
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Asymmetric Dark Matter: Inert doublet with Z; flavour symmetry

(2,-1) SUR),xU(l)y

Scalar DM X+
X = S+iA
Ng)
(x)=0

V(A H, x) = MIxTx + A (x'x)? + [ ATxx + hoc.]

A
sl H P x® + Ml H X + 2 [(HT)? + e

- U(1) global symmetry (Peccei-Quinn like) for \x — ()
- small mass splitting (keV)
AM? = M3 — M5 = \sv°.
- coupling is complex, CP net asymmetry generated
via out of equilibrium process A — Y
- Wash out processes, asymmetry may get erased

Fermionic DM

‘/’ = (WDM’ l/’—)

_ — 1
—L DYy Dy + Mpyy + @ [ Ju DAYy + h.c.]

_ MD m/2
M_(m/2 MD)
2
m = V2£,(A) =fo"’M_A ~ O(100) keV

- coupling is complex, CP net asymmetry generated
via out of equilibrium process A — Ynfr

- No wash out processes, asymmetry is not erased

- Hierarchy between Majorana masses of DM and

heutrinos
M, _ fL

R == ~ 0107
m fy 10
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Direct detection constraints

(i) the DM has non zero hypercharge, the
interaction with the Z should be off diagonal
hot to be excluded by direct detection

(i) inelastic scattering of f nucleus

A (¢2)
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NFW density profile i

- Scalar DM candidate excluded as explanation of DAMA by Xenon100
- Fermionic candidate allowed between 45 GeV and ~ 250 GeV
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S, = fd4x N [5 +(éuHH + £5ATA + c.c.) R— D HI* - |D,AP - Vi(H, A)

N\

(i) conformal transformation Q% =1 + 24§-'A|A|:2 - 2¢§-“;1{|H|2 >
(ii) redefinition of the three degrees of freedom (h, 8 and 6) -> (9, r and 6)
(iii) large field limit

2 2.2
V(r, 0.6) = A2 + Agar? + Aar®/2 (1 _ 2 \@)2 N M3, + Myr A (1 2l %)
o 4(éy + Ea1?)? 2(y + &ar?)
+ Uyrcosd e_"r/%(l " %)
2(éy + Ear?)3/?

3/2

(i) the quartic tferm is dominant for Ma ~ pug < 107° , because the mass terms are already
suppressed by an additional exponential factor

(ii) note that a similar constraint on the lepton number violating term arises from Higgs physics

(iii) ris an heavy field, it does not contribute to inflation but sets quickly to its minimum

(iv) study of the minimum of the potential depending only on r
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2
V(p) = Vo (1 — 3_290/ ‘/6)

Effective final potential is equivalent to Higgs inflation
(Bezrukov and Shaposnikov '07)

* Vo depends on the minimum in which rolls r = ;_51
Mixed Inflaton Pure Higgs Inflaton Pure Triplet Inflaton
= (Aaaén — AeEN) [(AHAEN — ANéH) rr -0 rr — oo
(mixed) _ ANAH — ﬁ%,A V(H ) H V(A) _ AA
° 8 (Ap &% + An €5 — 2Anpénén) 0 8.;-‘2 0 8£2
1.2 g
1.0 N = f —dcp——[ ZQO*/\/B_eZ%/\@_i(QO*_(pe)]
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'.HA(“EW)

Constraints on the couplings (RGes from EW to Unitarity scale)
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Generation of the asymmetries  [pleh leptogencsis: Hambye, Radial,

- tree level decay channels

A — LL A — HH A = Y
* o generate CP asymmetries needed at least 2 triplets -> decay of the lightest mass eigenstate: 4 f 4 1_
H. - L
Ay VA
7 L

eL = 2|Br({; — ¢6) - Br({] — £°6%)]

€y = 2 iBf (51— - lPDM‘//DM) — Br (ff - lllf)Mlﬂf)M)] = €DM

- 5 free parameters, considering the DM mass, while the triplet mass is fixed at 108 GeV and the neutrino mass at
0.05 eV

M
2.,6=0 ) Bj=1 1 < 2 B; [t = o (Ifinlf +1fiul +1fizP)
J

J
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Boltzmann equations for out of equilibrium decay
X = né«l—/s = n;;—/s.
Y;

€; X{

» Defining the triplet number density and the asymmetries (efficiency factors) as:

i =

* The relevant processes contributing to triplet leptogenesis consist in:
(i) decays and inverse decays

(ii) scattering AL = 2 suchas LL — ¢, - HH Yy = (ngl‘ - ng{)/s
(iii) scattering ACl — 9 such as:

T'>M,

e, % — PP G
A <
C1 | L C1 A
C1 H (1 A
| ST, SO | A
Cl , H Cl "’,’ A

- Asymmetry transferred to baryon sector via SU(2) sphalerons
* Parameter space sampled via Markov-Chain Monte Carlo techniques, with a likelihood demanding:

Qpm 1 mpm épm pm - . ~10 V. —
Qs " 055 m, a My £ 0mp = (6.15+0.25) x 10 2Y{+ZJYJ—O
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Results
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Summary

* Presented phenomenology of a heavy friplet extension of the SM

o triplet at 10® GeV scale prevents vacuum instability due to Higgs quartic
coupling running negative with a Higgs at 125 GeV;

o allowing non minimal couplings to gravity, the triplet mixed with the Higgs
behaves as inflaton;

o the low energy effective theory generates neutrino masses via type-II seesaw;

o fermionic asymmetric DM candidate is allowed, with inelastic scattering of
nucleus as direct detection signature;

o out of equilibrium decay of the triplet generates both the baryon and DM
asymmetries via leptogenesis route.

S B ol T W O N et it o G Yo Bl oy ikt g §1W 2t s e U LN " v R LI N iy mllomie N b K IR <P Lk p P o 0 Se o g S SSRGS Y L™ LY o
Ed ooy R R b i b s sl Tt SR SRR s o et e G i ot B b Sl o TR e e R S b ARt e G R O SRR UG 2 R AN SRl LB o o sl & i IR (1
s | wET Ry Rt AT B N Ad ] LU TR. ’ A Ry Sohd it P A e g, 0 - A 3 e RN f il A o § A e : 0 ¢
S3 e g o ) A oy i i '?‘/‘-..fé : L K R e N PO L R '?':.".' e Ous 'T":‘ PO e e [ 0y '.. A M i ARV g . oty ¥ = A - PR B DL Al g R o b Al
a1 - . vy .. P P T .S g 3 s » ~
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Back-up slides
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Wash-out processes

(1) DM number violating processes

For A5 < 1077 these processes remain out of equilibrium

1
Xo) = 7(5 +1A)
sclliartions log,,(z=M,/T)
(2) Oscillati 12
Xo) = 7§(S —iA)
1 AM?(t — tgw)
Blxo)~Ixo) = 5 [1 — €08 (
2 2F To preserve the asymmetry the DM
should freeze out before it starts
illate:
T ka2 0SCi
t —tpw ~ 4 X 10_108 ( ) © >
100GeV AM? MXo ~ :CfTEW z 2 TeV
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Renormalization group equations with heavy triplet (I)

Schmidt ‘07; Gogoladze, Okada and Shafi ‘08
Bx = dX/dInp
Our contribution is the addition of the RG for the DM

- Above the mass scale of the triplet: and for the non minimal couplings to gravity

9 9 (3 2
167%8,,, =122% + 642, - (ggf + 9g§) A+ (2581 + 5g$g§ + gz) (1245Y? - 121})

36 108 72
16728, = ( g g%+ 24g2) A+ 7 —<&1 +18g5 + gglgz + 1423 + 423,
+AANTe (f fu+ £ fu) = STe(fLfuf) fu + £ Fuf ) £o)
9 33 27
16”2ﬂr1-_w = (Zg:IZ = 7g2) Apg + — 25 4 1+ 6g2 (S/IA == 6/111 + 4Apy + 6Y,2) AAH

+ 2T (f, fo + £} fu) Aarr — AT (£ fLfL fu + £ fuf L o)

16728, =‘I—(7) g 16n°By, =3 (f} fo + £}fu) fr - ( g+ 382)fz, +|Te(f o+ £ 1)| £
| _ 3 /(3 ; .
2 5 . 16m°Bs, =3 (f S+ fyfu) fu =3 ( ik 3g%) fu + T (L fu+ £100)| £
167°Bg, = — = &
2 167°By,, = (/1,, 42aH — %gl - 271g2 B 6Y2) wa + | Te(f) o + £ )| e

*Below the mass scale of the triplet, the triplet is integrated out, effective theory with

-;.
3 1 {HyHH 41 19
A =2y - 5( M2 ) 16”2.331 10 8? 167r2,8g2 = - Fg%
A
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Renormalization group equations with heavy triplet (II)

* the triplet is a singlet under SU(3) therefore the running of gs and Y+ are not modified

9 17 9
2 3 2 2
1
*non minimal coupling to gravity yx = X 'dX/dInu ,Bgu = (fm,, — 66’”") 75-‘}
1\/ 9 9, 3 1 7
167%B;, =&+ = |87 — =82+ Ay +3Y* |+ 3[éa + = || Ama + =2
1 1 1 .U
2 "H 2
167°B¢, =2 (fH + E)AHA + (§A + 8) 4Ap + > 2 + Tr (foL + fwf,,,) - 6g2}
A
?ﬁnmmm lrnﬂ ‘nmq lrnﬂ‘ .nmq [rn—q-: F"H'TM' ™ "‘ ™ "'1 vq q '”'ﬂ — " v" m
1.4 10“;— -= %A — 1.4 10“; -- E, *
- Q” [~ EH i
12 10" 12 10"
104 104
8 10’;— ‘ 8 10"5— —
6 107 Conlssunl sl vl svvul sl ol voisd sl sl sl i 6 10* Cosmlwsd ool sovad vl v vl vl sl sl ol e
100 10 10° 10° 10" 10° 10° 10“’ 10" 10” 10”7 10 100 10" 100 10° 100 10 10° 10° 10" 107 10”7 10"
w (GeV) u (GeV)
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Relevant Boltzmann equations (I)

Xy = ngls = ngls Xj=njls j=LHY
Yy = (ng —ng)ls Yj=(nj—n;/s =T, K1(z)
K>(z)
T, = YA
2 _ yeq2 nd
aX; __Ip (%, - x2) P m
dz ~ H@ ' ) HE| xH P % T,
ru) - FDX_CQ and B rl
j
dY{ I'p 11)
— + 2B;Y;
dz ZH(Z) { Z ZH(2) I's = ’)/5/712:{4
dY; I'p I'p I I’ X:’q
mind S (X, — X9 + B; Y, - —2 oy;|- = -2V,
dz {zH(z) [ X=X, )] J(ZH(Z) ¢ zH(z)"! Zkl zZH(2) X, :
8n + 4m
Yp = — Y; = -0.55Y; Transfer the asymmetry from the
14n + 9m lepton sector to the baryon sector
Loy [ | :
€M = 5 MM\ T Im| fiyfoy [lesz + ;(flL)aﬁ(sz)aﬁH F 1 |m, | M2
- 1 —
1 MM, (M) . . ) 8m (H)?+/ BBy
=33 W22 | T -Im (flwfzw + finf3y) Zﬂ:(flL)aﬂ(sz)oﬁ:i
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Triplet mass eigenstates

Relevant Boltzmann equations (II)

;AZ (Mi)ab B + :

SADT(M2) A

M2 — M} —iCy  —iCh
- —iC5 M2 —iCy
C L (= A* 1 + BT A
ab = LavMp = Py HaH Moy + Hax Moy + MMy > faopfoas 1,2 1,22
o3
Ty = YA Scattering interaction that produce a wash out of the asymmetry mainly due to gauge
nZ‘ interactions

Y8 = fH) =
Y4 - H'H) =
YL > WOWP) =
Y14 — BB) =

YL = ) =

M?(6g% +5g%) oo
| (126’;”; i f dxVaKiz VR H@) = HT = M,)/22
5 %fz;iiﬂ) [ avmievor = \T=4/x
gﬁz j:o dx \VxKi(z Vx) (5 + 3—4) - —(x— l)log(i i:) x = §/M?
ing’ fo dx VxK; (2 V%) r(l + ;) - %(x— 2)log(i i:)
M (162; ing) j; dx VxKy(z Vx)r’
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Details on the inflationary potential (I)

g _QZ J
: pv =38 8y
Transformation due to the conformal factor
VJ(H’ A)
V(H,A) = o
H=— @ = 1/ =log (1l + &x6° + Exh
Field redefinition V2 h 2 ( )
—
A et i O O ry = é
42\ e 0 h

Slow roll inflation

1 (V’ )2 4 4l V6
€ =— | — = —
2\V 3 (1 — e2¢/ \/3)2
. =V_" _ —ie_z‘p/\/g 1 — 28—2<ﬁ/‘/5
V 3 (1 _ 20/ \/6)2
N _ ‘/E(e%/"a— 1):48.3.
0P« 4
2
ng=1-2e+2n—- = 0.965
" 0N/,
VAest 4
Eoff = = 48646.2 et ~ 5 X 10"/ Aegr
T \96r2e(pr)Prko)

18

C. Arina (RWTH-Aachen) - PASCOS 2012



Details on the inflationary potential (II)

/lH/Z + /IA/2r4 + /IHAI‘Z

Vgo-indep =

1. Case mixed inflation

2. Case pure Higgs inflation

3. Case pure triplet inflation

4(én + Ear?)?

Aga + ‘\//IH/IA >0

/IH>0
/IA>O

r* = (Auaén — Auér)/(Auaéa — Anén)

PIVITE N

- ixed) _
V(p—indep = V(()mlxe
; V(()mixed) >0

dV2/dr2|,a=,5 >0

>0

5 oo
AA
Vi-indep = V(()A) = 52
8&

8 + An €L = 2Apababn)

Agdy — 2%, >0,
EuAna — Eadn <0,
Endna — Endn <0.

EuAna — Ealdn >0,

Eadna — EnAa <0.

Eudpn — €ady <0,
Eadpa — Epdn >0.
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Details on the inflationary potential (I1I)

1 1+7r 1 1k
= - ——[ . ° }(amz -2 (1- %) @07 - Vi, 0)
-§ 2 6(¢n + £ar) 2¢y +Eary
Assuming quartic dominant, the quadratic term is negligible: @ ~35
-2/ V6 -2
174 ra e /N6 ~ 10
2~ M2rie ¥ Vodell M7 1072 — 10 rg ~ 10" M3 >
Aeft feﬁ‘ §eff /Lzﬂ”/f2 ~ 10_9

Assuming quartic dominant, the other term is made negligible demanding positivity of the potential:

Vi 1 r r
-/ V6 0 0
v~ HHe” 3z~ 10%n—
Va Akt €35 £ £
-10 -2 /\/62 4 ~0/ V6 _2/\/53/2
V ~ 10 (l—e @ )+—3/2,uH0059e“’ (l—e ¢ )

0 <10710% sc/\f( _ o2 \/6)”2

Numerical estimation:

V/l §2f/f2 S the same as above but ¢, = 5.5

Ny ON /oy, ON /0y 4

ro=1,&q =10% ug =107, @u =5, x5 = 107> || 42.0850 | 35.9478 —2.98106

the same as above but ¢, = 5.5 64.3191 | 54.2294 —-5.24260

the same as above but y, = 10732 42.0884 | 35.9508 —8.89659
ro =10, & = 10°, ur = 1077, 0p =5, y» = 107 || 42.1880 | 36.0828 | —1.07484 x 107>
64.5161 | 54.4816 | —1.98455x 1073
the same as above but y, = 10737 42.1880 | 36.0828 | —3.39071 x 104
ro = 10%, &eg = 50, upy = 1071, 0, =5, i = 1077 || 42.1785 | 36.0711 | —4.19220 x 10~/
the same as above but ¢, = 5.5 64.4986 | 54.4600 | —9.66338 x 107’
the same as above but y, = 10737 42.1785 | 36.0711 | —=3.55271 x 1078
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More on the model

Scalar DM

V(A H, x) = MAATA + 25 (ATA) + ML HTH 4+ Ay (H H)
+ Mix*x + Ay ()(Jf)()2 +[peATHH + py AT x +he]

A e
+ 23l HP x> +aalH x| + Z[(H %) +he],

MZ >0 AL=A3+Aa—|As| > —2/A, Ay
2 2 v?
MX:t =MX +A3E,
M? =2\ yv*
2Mb h=SAHU
As = v2 2 2 v?
MS=MX+(A3+A4+A.5)?,
v2
M} =My + (3 + 14— As) -
. 2
TPIPIZT VEV (A) = v

= —IH
V2M%

v = (H) =246 GeV

(A) < O(1) GeV

Fermionic DM

. _ 1
—LOMAAA+MpUy + —[uuA"HH + fupALoLg + gAYy +hec.]

)

1

J58AVY = %gnﬁimw

1 N - -
= —58[V2(UEy-A"Y) + (VEvom + ¥huy-) At
— V2(¥n¥omA%)],

—LpMmass = Mp[ (Ypm) L(¥pm) & + (Ypm) r (YoM)L ]
+m[(¥pm)§ (YoM)L + (YDM)% (YDM)R].

3
Z)# = 6,1 + i\/;ngﬂ + igzt.W#

Covariant derivative with GUT charge normalization

M%, 1+ 2x?
p = 2 ) = 2%1
M%cos?6 1+4x
x = (A)/v
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The wash out processes for scalar DM

(1) DM number violating processes

2 2

8 (§ — M#)?

Y.
X T 3on
T > ..~ (V8.
’YX B 6471'4 /émin dS\/gKl (?) GX
e gdofM2T M
' = 27r2x K (%)

1
PIXO)—>|X0) = 1[2

Es= /K3 + M3

(2) Oscillations

1 :
| X0) = E(S'HA)
1
o) = —(S —iA)
| X0) 7
1 : ] .
|¢(X, t)) — _2 [e—l(ESt—ksx)ls) + ie-f-l(BAt—kAx)IA)]

En =K} + M}

Piyo)> 1500 = |(%o| @ Cx, )|

_ il(Es—Eq)t—(ka—kg)x] _

e e+il(Es—EA)t—(kA—ks)Xl]
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