Electroweak Multiplets for
Dark Matter and the Higgs

Reinard Primulando

Work with Joachim Kopp, Ethan Neil and Jure Zupan
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Outline

A tentative 130 GeV gamma ray line.
Electroweak multiplet and the gamma ray line.
Collider phenomenology.

Effect to Higgs branching fraction.
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The Universe in a Natshet Cupcake
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Figure 1: Contents of the Universe, as illustrated by a chocolate cupcake. Recipe available upon request.

Annika Peter, 1201.3942
Fermilab Seminar - 8/9/2012



The Universe in a Natshet Cupcake

—
= - =
-~

P e
g (@P~—s—» baryons

_dark matter t— - i'

.\., - !

Figure 1: Contents of the Universe, as illustrated by a chocolate cupcake@ipe available upon req@

Annika Peter, 1201.3942
Fermilab Seminar - 8/9/2012



Indirect Detection of Dark Matter

\ SM - heavy nuclei, p, e, Vv, ¥
/ SM - heavy nuclei, p, e, v, y

e Photons and neutrinos cosmic rays point to the
source.

DM

DM

* Places to see DM: galactic center and dwart
galaxies

Fermilab Seminar - 8/9/2012



Gamma Rays from DM Annihilation

e Continuous spectrum

— Decay products of heavier particles.

— Usually hard to distinguish from astrophysical
backgrounds.

e Line spectrum

— Usually loop suppressed.
— No astrophysical backgrounds.

— Smoking gun.
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Line Signal from the Galactic Center (?)

o ; Reg3
Einasto ., Eﬁf# . s
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T. Bringmann, et.al., arXiv:1203.1312; C. Weniger, arXiv:1204.2797
* Four years of FERMI-LAT public data (Pass 7).

e Signal area is optimized to maximize SNR.

» Background fluxes are approximated by a single power law.
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Tentative Signal from
the Galactic Center

Regd (ULTRACLEAN), E, =129.6 GeV
T T T T T T

r r T ——
s Signal counts: 53.4 {4.260) 20.5 - 2085 GeV
a5 k- p-value=0.85, X.icl 14.3/21

aofF
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151 1 ¥ THF
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e 3.3 O after trial factor.

* m, = 1298 £ 2477, GeV

Counts - Model

“;'-I-H'II'I"IEHHIIIII'IH'HHE ® (V) yysyy = (127 £0.327018) % 10727 em? 57!

E [GeV]

C. Weniger, arXiv:1204.2797
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Astrophysics Backgrounds?

e Cold ultrarelativistic pulsar winds
F. Aharonian, D. Khangulyan, D. Malyshev, arXiv:1207.0458

e Fermi Bubbles

Reg3

Einasto

b [deg]

= 's from Fermi bubbles
= y's from outside the bubbles

—— Spurious line

Spectral Energy Distribution

Energy
S. Profumo, T. Linden, arXiv:1204.6047
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e Contributions from
Fermi Bubbles are
small.

 Also consistent with
two lines at 111 GeV
and 130 GeV.

e 5.10 for one line, 5.50
for two lines.

M. Su, D.P. Finkbeiner, arXiv:1206.1616
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Validation Tests

Scan along the galactic disc:

TS in 6° x6° regions along b=0°, [=-30° ... 30°
25 I A R—

wL TS value of
(line+PL) vs PL

——  (Galactic center

HE NS Iili-'-__._-!j'--l-l-l----..

TS value

C. Weniger, IDM2012 talk
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Validation Tests

Looking at the Earth limb:

Earth emission spectrum (Z > 110°)

o * Cuts were used to
0o 07 : maximize the line
: features.
: 111 GeV .
- ;130 Gev 1 * Need a trial factor.

| 100 1000
Energy [GeV]
M. Su, D.P. Finkbeiner, arXiv:1206.1616
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Everywhere else?

e Galaxy clusters (A. Hektor, M. Raidal, E. Tempel,
arXiv:1207.4466).

e Unassociated Fermi-LAT source (M. Su, D. P.
Finkbeiner, arXiv:1207.7060).

However see D. Hooper, T. Linden,
arXiv:1208.0828.
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Models for the Lines

X g s, P s Jrrrﬁ
><E: '
x ~ ){;’; e N Xz;! I 77’[%1*
e Large DM-new particle
couplings — Perturbativity.

[
D

e Charged particle masses are X
close to DM mass — Tuning.

M. Buckley, D. Hooper, arXiv:1205.6811
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Models for the Lines

e Large DM-new particles

couplings — Perturbativity. ®

e Charged particle masses are
close to DM mass — Tuning.

M. Buckley, D. Hooper, arXiv:1205.6811
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Scalar Multiplet Model

* We consider a model with a scalar SU(2) multiplet.

 The components of the multiplet are multicharged.

* Presence of multicharged particles in the loop helps
to alleviate the perturbativity constraints.
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The Lagrangian

£ 2D, = 5m316 = Ao d SHH — Nygg (61 Tie) (HI7 H) = M (616’
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The Lagrangian

£ 2D, = 5m316 = Ao d SHH — Nygg (61 Tie) (HI7 H) = M (616’

1 1 L
LD §3ﬁxﬁﬁx — 5”1:?{:’(2 — AKH)CEHTH — AK¢XE¢T@.
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The Lagrangian

, ]. L , L , , Lo
£ Dyl = 5m2ote — AoudtoHH — Ny (61T ) (HI7 H) = Ma(61)°

1 1 9 1
LD iﬂﬁ}fﬁﬁx — 5”1:?{7‘52 — AXH:{EHTH — )‘-x&Xzﬁf"ﬂ.ﬂ-

* Impose a Z, symmetry on Y.

* Accidental global U(1) symmetry on @
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The Lagrangian

\ondToH H ‘— :ﬁgicﬁ*ii%raf»)(ﬂ*rﬂ — \i(o7¢)?

—

Multiplet masses

1 1 9 1
LD iﬂﬁ}fﬁﬁx — 5”1:?{7‘52 — AXH:{EHTH — )‘-x&Xzﬁf"ﬂ.ﬂ-
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The Lagrangian

]. R AN 1 ' , a i a RN
Sm3oto — AonoloHH — Ny (6 T56) (HIT°H) — Xa(676)?
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The Lagrangian

, ]. Lr . L . s L i
Lo |D,é* - §mgqﬁh'¢ — Ao OHTH — N, (6" TR o) (HT T H) — A\y(o78)?

DM relic density
1 " 1 9 9 9yt 9 .4
LD 53#}(8 X — 5y X AHX H'Hl- Agx"0'o
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Multiplet Masses

1

£ > |D,s 4§mg¢f¢ P A¢H¢T¢H*HHA;Hw*i"ﬁré)(ﬂ*?ﬂﬂl ~ Ma(16)?

The first two terms give an overall mass.

[l
S

For a (nearly) degenerate multiplet, the Y

electroweak corrections gives mass splittings.

qd 2

The charged components get positive mass
contributions.

The corrections are in order of 100 MeV.

CY XY
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Multiplet Masses

1

£ > |D,s 4§mg¢f¢ P A¢H¢T¢H*HHA;Hw*i"ﬁré)(ﬂ*?ﬂﬂl ~ Ma(16)?

The first two terms give an overall mass.

For a (nearly) degenerate multiplet, the Y=+1
electroweak corrections gives mass splittings.

The charged components get positive mass
contributions.

The corrections are in order of 100 MeV.

°°0 @

Fermilab Seminar - 8/9/2012



Multiplet Masses

Lo |D,o 41 %Td+

A¢H¢T¢HTH‘~|A' (61 TS 0)(HT “H)l Ai(0' 0)?

e Last term splits the masses between Y =+1
components.

N,y (D TR o) (HI T H) — + X\ 0? 6T TR 6
* The top or bottom component of the

multiplet becomes the lightest
component.
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Case I — Stable Multiplet

, ]. Lr . L . . L e
£ |Dudl* = 5mis'd — \gnd' SHTH Xy (61 Tio¢) (H'r°H 4— Ay(¢' )

We do not consider lightest charged
component.

The lightest component annihilates efficiently
— small relic density.

If X\, g is sizable, the lightest component is the
top or bottom of the multiplet - Y = -(n-1)/2.

The nucleon-multiplet cross section is very
large.
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Case I — Stable Multiplet

LDyl — gmigdlé — Aono'oH H %;Hw*ii%«i})(ﬂ 'r*H 1— Ay (d7¢)?

We do not consider lightest charged

component. —_—

The lightest component annihilates efficiently

— small relic density. N
L . . +2
If N, p is sizable, the lightest component is the
. -
top or bottom of the multiplet - Y = -(n-1)/2. 0
The nucleon-multiplet cross section is very ;
. ¢/

large.

Fermilab Seminar - 8/9/2012



Case I — Stable Multiplet

LDyl — gmigdlé — Aono'oH H %;Hw*ii%«i})(ﬂ 'r*H 1— Ay (d7¢)?

We do not consider lightest charged

component. _—
The lightest component annihilates efficiently Sizable
— small relic density. ~
If N, p is sizable, the lightest component is the
top or bottom of the multiplet - Y = -(n-1)/2.
The nucleon-multiplet cross section is very

-

large.
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Case I — Stable Multiplet

e To avoid direct detection bound, we
require Y = 0.

* In this case, X,; has to be small.

* The mass splitting comes mostly from
the electroweak corrections.

Y=0
/
small )\rfJH

+2
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Case I — Benchmark Point

n 9

me | 205.24 GeV
)\@H .17
|0

A4 1
Ay H 0.021
A 0.5

¥ 0
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Case I — Benchmark Point

n 9
me | 205.24 GeV
)\@H .17

A4 1
Ay H .021
A 0.5

Y 0

dimension of representation

multiplet-Higgs coupling

mass splitting term

DM-Higgs coupling
DM-multiplet coupling
hypercharge
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Case I — Benchmark Point

i 9 my | 130 GeV
mq | 205.24 GeV Mgy 195.144 GeV
| Mg, | 193.888 GeV
Af-b o R Mg, [192.990 GeV
Non . mg, |192.452 GeV
& 1 Mg, |192.273 GeV
Axr | 0.021 Mg, |192.452 GeV
Axo 0.5 mey, |192.990 GeV
Y 0 Mg, |193.888 GeV
Mg, [195.144 GeV
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Case I — Benchmark Point

n 9
me | 205.24 GeV
)\qu .17

o 0

A4 1
Ay H 3.021
A 0.5

¥ 0

Perturbative

Ty

130 GeV
195.144 GeV
193.888 GeV
192.990 GeV
192.452 GeV

e [192.273 GeV
. 1192.452 GeV

192.990 GeV
193.888 GeV
195.144 GeV
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Case I — Benchmark Point

n 9
me | 205.24 GeV
)\qu .17
o 0
A4 1
Ay H (024
;- 0.5
¥ 0
Not degenerate with DM

Ty

130 GeV
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Case I — Benchmark Point

n 9 my | 130 GeV

me | 205.24 GeV me, [[L95.]144 GeV
% me, [193.888 GeV

Afﬂ S Mgy |[192.D90 GeV
oH 0 mag, [[192.152 GeV
A4 1 me. [192.R73 GeV

\ O 091 109 HMED (T

oV 1.30 x 1027 cm3/s
7o |

.?T;f-qgg 1951144 GeV

Not degenerate with DM
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Case I — Dependence on Multiplet

250:—

100 -
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Astrophysical Bounds

0.115 I DM abundance

0.0000719 Stable component abundance

(JL’)LVer*— 1.18 x 10—%® 01113/5

1.30 % 1072 em? /5

5.04 x 10727 cm?/s
4.38 x 10727 cm? /s
2356 107 phb
2 3¢ 102 ph
6.1 % 107 pb
6.1 x 107° pb
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Astrophysical Bounds

2, 0.115
4 0.0000719
(evlm  |1.300% 107" ¢ /s
(JL’)LVer*— 1.18 x 10—%® 01113/5
<{T’L‘>ZZ 5.04 % 10_2? CHIB/S
((T?_J>;1h 4.38 X 10_2T Clllg/b'
inp 2.3 x107° pb DM-nucleon cross section.
Jiin 2.4 x 1079 pb > Close to the current XENON-100
7 ‘ — exc!usmn,
O e p . ¢ 10~ b arXiv:1207.5988
Cfgg_n 6.1 x 1079 pb
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Astrophysical Bounds

Q, 0.115
Oy, 0.0000719
(evlm  |1.300% 107" ¢ /s
ocvIw+w - | 1. X il -
1.18 x 1072% cm?
(J’L‘)ZZ 5.04 % 10_2? Cﬂlg/ﬁ
(O'?_J>hh 4.38 X 10_2T Clllg/b'

inp 235 10 b
Ji{n 2.4 x 1072 pb
S1 & —9
O ps—p 6.1 107" pb Stable multiplet component-nucleon
Uf_n 6.1 x 107° pb Cross section
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Case II — Unstable Multiplet

L2 |D,¢* — %mﬂ o'd— A\ypo'oHTH 4A;H{¢TT§.-¢)(HTTHH1— A(dT0)?

* If we want a sizable x,;, the lightest

multiplet has to decay. Sinable N,
It can decay to SM particles by higher .
dimension operators.
Ls D —¢5(H IEy= +(])-
-1
N 2
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Case II — Benchmark Point

?”:75 213 5Gre\/ My 130 GeV
W mg, [190.461 GeV
Nog| 0.1 Mg, | 198.259 GeV
ol . Mgy | 205.761 GeV
MxH e me, |213.000 GeV
)\xcb 1 Mebe 290 001 CeV
& 2
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Case II — Astrophysics Bounds

Q, 0.115
(o), |1.28 x 10747 cm” /s
(o) w+w-|1.18 X 1026 CmB/S
(ov) 77 |5.04 x 10727 cm?/s
(oU)pn |4.38 x 10727 cm? /s

oL, 2.3 x 107" pb
o1 2.4 x 107 pb

X—"N
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Collider Phenomenology

e For case I, the mass splitting is small.

e It is possible that the charged multiplets has long
lifetime.

e For case II, heavier multiplets decay into lower
multiplet and soft jets/leptons.
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Collider Phenomenology

Tstso7y @ 2 TeV Tevatron P12 Tyit477 @ 2 TeV Tevatron 13.6 fb
o Hmﬂ @7 TeV LHC SU8.0- 1 oe 45 @7 TeV LHC 80.6 fb
Totbors @ 8 TeV LHC 4058 1b o 4is 40y @8 TeV LHC 106.0 fb
Loy 3.5 x 1071 GeV R 1.1 x 10-12 GeV
BRg, g4 gn 59 :’{-’ BR,, iy an 61 %
BRyg, 59 sev 20 % BRuy 5 sy gev 18 %
Enfﬁ::g—}fﬁ'z:aﬂu 21 % Enfﬁa::——}m:n#v 21 %
cT 2.0 pm T 0.18% mm
H‘j%g‘j{% ia 2 TeV Tevatron 208 th g‘-'—"jz:c‘-'-"j::c @ 2 TeV Tevatron 2.5 fh
o4t1533 @7 TeV LHC 178.0 fb o4t o7, @7 TeV LHC 20.2 fb
0,43 .75 @ & TeV LHC 234.4 fb o+ .+ @8 TeV LHC 26.8 fb
¢35 0] & P1.6%4.6
| P 1.1 % 10~ GeV LI 5.3 x 1071 GeV
BR#’E.E*#’E.TH 61 % EH'“‘*‘--E—“:‘E--" 97.7 %
BRay s g v 20 % BRg, ¢ s gsev 0.3 %
BRo, s, ra 10 % BRy, oo 2%
- 18 pum 3.7mm
Tytad @ 27 Tovatror oo = 10 12 th
Case 74t @ 7 TeV LHC 2.7 x 10—2 fb
o427 @ 8 TeV LHC 1.2 % 107% fb
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What About the Higgs?




Higgs Branching Fractions

m.-125GeV|  CMS Preliminary -2In\(w)<1 Intervals 2011 +2012 Data

\s=7TeV,L=5.11b 1T 1 T T T T T 1 T T 1
\s=8TeV,L=5.31b" ATLAS Preliminary i

W,ZH — bb

Vs =7 TeV: |Ldt = 4.6-4.7 fb” o

Vs =7 TeV: [ Ldt = 47fb1 o

H— WW" - viv
H_s 1t —— Vs = 7 TeV, L dt il

X vy E
\s=8TeV: |Ldt=5.91b" i
C’I =1 -D S=7 TeV: [Ldt= a8 b .

H—- ZZ " =T .
\s =8 TeV: [Ldt=5.8 " —o—

H—- WW - Vs=7TeV: | Ldt= 48"

Combined :
H — ZZ ‘T‘ Vs =8TeV: |Ldt=58-59fb" l_._ W= 1 2
1111 I L4111 | 1111 I L1 | 1111 I L4111 | 1101 I | |

+0.3

Vs=7TeV: |Ldt=46-48M"

3 2 10 1.2 3 4 5 |||||||||i|||
Best fit GfGSMH -1 0 1

Signal strength (u)
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h — yy in the Model

(8T TE ) (H T H) — \y(610)2
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h — yy in the Model

m,=200 GeV |

0__| . . 1 . I . . . 1 I 1 . . 1 I . . | | [
-1.0 -0.5 0.0 0.5 1.0
:’]l(bh

e No modification forh - WWand h - ZZ
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Conclusion

e A possible line feature has been found in FERMI-
LAT data.

e A model with a multiplet electroweak scalar can
explain the line without having problems with
perturbativity.

 Interesting collider phenomenology.

* The model can also explain enhancement of h — yy
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THANK YOU



BACKUP SLIDES
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Oblique Parameters Bounds

S = 4e2(IT43(0) — T4, (0)],

2
€
T = I[111(0) — 1I33(0
Q Sgcgmgz[ 11(0) — T33(0)],

aU = 4e*[117;(0) — 135(0)].
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Oblique Parameters Bounds

S = 4e2(IT43(0) — T4, (0)],

62

T = I[111(0) — 1I33(0
Qa Sgcgmgz[ 11(0) — II33(0)],

aU = 4e*[117;(0) — 135(0)].

S oc M33(0) — (M33(0) + TT5y-(0)) — M3y (0).

S is proportional to tr(773)
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Oblique Parameters Bounds

S = 4e2(IT43(0) — T4, (0)],

2
€
T = I[111(0) — 1I33(0
Q Sgcgmgz[ 11(0) — T33(0)],

aU = 4e*[117;(0) — 135(0)].

T o tr(T'TY) — to(T°7°) = C(N) (61 — 6%%) = 0.
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