Dark Matter and 2HDMs

Seyda lpek
Fermilab

CERN - DM Working Group
December 15,2016

Sl, McKeen, Nelson, arXiv: 1404.3716, PRD90 (2014) no.7, 076005



Galactic Center Excess

* There is an excess of photons from the Galactic Center (<5°)
* The excess extends to the Inner Galaxy (~10° around GC)

* Spherically symmetric around Galactic Center

* Right annihilation cross section

Indirect detection:
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DM interpretation

GC excess is fit nicely with 30 GeV DM with
pseudoscalar, s-channel annihilations to b quarks

BUT DM can be ~ 100 GeV if
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Tim Tait, et al, arXiv:1404.6528v3 mterestlng and dlfferent
phenomenology!
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Pseudoscalar portal

People usually focus on this effective o, — mp . Birveb
operator: eff = A3XVIBXOVIS

Boehm, at al, arxiv:1401.6458

Alves, Profumo, Queiroz, Shepherd, arxiv:1403.5027 \ ________ /
Berlin, Hooper, McDermott, arxiv:1404.0022 X / \ B

* Annihilation rate for Y-ray excess coincides with what you expect for

relic abundance
* Direct detection cross section is spin dependent, velocity

suppressed.
* A spin-0 (scalar) mediator favors b-quarks

Realize:

biv°b = i (ELbR = l_)RbL) is not an SU(2) singlet

Need to go beyond the effective theories!
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UV Completion

S|, McKeen, Nelson, arXiv: 1404.3716

* Fermionic DM coupled to a pseudoscalar:
Laark = Yxa0Xi7 X

* Pseduoscalar, ag, mixes with the 2HDM;

5 1 )\a’
V = (/LBCLOHIHQ + h.c.) + —mQOag - =2a5 + Vanpwu

( 2 4 /

the portal term usual 2HDM potential
Yy :real B :real + no CP violation in 2HDM
no scalar no scalar
coupling to DM coupling to SM
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Charged and CP-even Higges:

the usuals
- 1(¢§¢i> 1(@5;)
1 — — = - 9 HQZ— -
V2 \v1 + p1+ i V2 \V2 + p2 + i
* 2 charged Higgses:
_u
H :sinﬁgbf—l—cosﬁgbét tanﬁ_m

* 2 CP even, neutral Higgses:

H = cosapi + sin a ps
125 GeV Higgs

» h = —sina p; + cosa ps
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CP-odd scalars mix

CP-odd eigenstate of the 2HDM:

Ag =sinfn — cos g

Ap and ap mixes due to the portal term:

Voort = BagAy [U + sin(8 — a) h + cos(f8 — a) H}

A= cosO Ay+sinf ag

CP-odd mass eigenstates:
a= —sinf Ay

: . B
with the mixing angle: tan26 = Z

2
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Fermion couplings

Mediator - DM coupling becomes:

Liark = Yy (cosfa+sinf A) iy x

u d e
COS (¥ Sin o Sin o
sin [ cos (3 cos (3
sin o COS (¥ COS (Y
sin (3 cos 3 cos 3
cot Bcosf | tanBcosf | tan 5 cosb
cot Bsinf |—tan £ sinf|— tan S sinf
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We work with a Type ||l 2HDM: H; couples to u and e, H> couples to d

Table: Modified SM fermion
couplings in units of the SM
Higgs couplings



Parameters

From the 2HDM: mp, mpy, ma, my+, a, 3

Let’s pick:  |my, = 125 GeV

From the dark sector: "y, Yy, Mg, 0

(To fit the Y-ray excess we set)

m, = 30 GeV

We also choose: |y, = 0.5

quite interesting
for Higgs physics!

| eft: mH7mA7mHi7a7/67ma79

take degenerate
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Parameters

Heavy Higgs searches: CIS Prlmiary,Hr, 451"t 7 1o 107 158 Ty

MSSM m;"* scenario MSUSY =1TeV.
tan 8 = 40

mMma g HE — 800 GeV 10

tanp

95% CL Excluded: |-

— observed
—— SM H injected [

Typell — expected
95% Carfidence Level + 10 expected |+

— T T T %
— cumentlinit i
 300fb’ Projection | !
-~ 3000fb" Projection | i1}
s & minimum i

+ 20 expected

I LEP

100 200 300 400 1000
CMS-PAS-HIG-13-021 m, [GeV]

e - — -
——

125 GeV Higgs couplings:
B —a>~mr/2

1 l ! l 1
-1 08 -06 04 -02 0 0.2 04 0.6 08 1

GS(B'G) Y ~
Chen, Dawson, arxiv: 1305.1624 Hibh < My =MMpg+ = 1A
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New results should be included

ATLAS-CONF-2016-085 CMS-PAS-HIG-16-037
“‘."-é._ 80 1 1 1 I 1 1 1 I 1 1 1 I |o!n 1 Id | | | . 12'9 fb1 (1 3 ch)
ATLAS Preliminary = LT . 95% CL Excluded:
S 70 H/A — tt, 95 % CLIlimits E:opected . SMIS [1Observed MM = 1o Expected
§=13TeV, <133 20 - n 60 il AN L Ereeded | =80 Bipected
60 hMSSM scenario [_12015,32fb (Obs.) S hMSSM scenario /A

[ ] ATLAS Run1, SM Higgs
boson couplings (Obs.)
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tan 8 = 40
ma g HE — 800 GeV
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a bit excluded — didn’t have time to change



Relic Abundance

2

X 2 2
o — s5, tan 1
(O Vrel) 8m m 20 b

\ i

DM annihilation x-section

2
Yy T

(0Vrel) ~ 3 x 1072° il
S

correct relic abundance
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Direct detection (spin indep.)

X < , X
\ /
a \ 4, a Y2 (m?4 m2) sin“26 MM
\/ L: p— X a G €T X 15
. h 6477 mZ m? (2x) XX1q
|
q - q m;
ZUQZW
X | | X 2
292 tan? B sin*26 My M
| | Liox = Mqdx F(x,, x X1
a | 4 oe 12872m2 (mi_mg) ( X q) 02 XX4q9
q | | q

m A Hisgs exchangse dominates
If: ¢ <1 88 3
an f 5 100 (800 GeV) over the box
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Direct detection (spin indep.)

4 /50 GeV\*/ m 2 /0 \*
~ 9.9 x 1049 2( ma ) ( X ) v
Vel 8 {800 GeV e 30 GeV/ \0.1

) (w)4<<qumqqu>)2

0.9 330 MeV

LUX limit for my, = 30 GeV: 011

g1 < 8x 10 %%cm? 6
0.01/

Above ---- we have:

osp > 10~ *em? 03
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Higgs decays: m, < my /2

a .-
h e 1 .
_______ - VD 2_(77%24 —m?2)sin“20 haa
\\ U
a  ~._

327 ™mp U2 z

2 212 i 4

— 20 4m?

I(h — aq) — (m% —mZ)~ sin \/1 m2
my

ma 470
~ 840 MeV (800 GeV> (07)

Remember: SM Higgs width is ~ 4 MeV
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Curtin, et al, arxiv: 1312.4992

Higgs decays: h = 4b

Since Mg < mp/2 >~ 2m,

h - b 4b final state is favored
_____ _ -
a TS \< b
b 0.1}
No dedicated search 6
Use W/Z + (h = 2b) channel ol
Br(h — aa — 4b) < 0.7 |
for 103

2mp < mg, < 15 GeV
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Higgs decays h— 2b2u

Curtin, et al, arxiv: 1312.4992

a _~-
hoo b
~ - 1 ......... : —_— l—_
a  ~ T i
!
,’,I 03\"‘9_?39'.“——-—3
p o B = T .
4b is favored, but 2b2u is cleaner ¢ j
cmmmmmm =S 5202
0.01f
Br(h = aa = 2b2u) < 103 (104)
@14 TeV ol
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Invisible Higgs decays

1 .
L VO —(m% —m2)sin“20 haa
- 20
R -
a\\\\

Higgs decay rate to aa:

2 2\2 ¢
(m% —m2)” sin® 26 4m?2

0.01]

M = 4 MeV
Br(h = aa) <0.22

Giardiano, et al, arxiv: 1303.3570
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Rare decays: Bs = u™ur

Rare SM processes are good tests of New Physics!

Br (BS — ,u+,u_) ~ Br (BS — ,u+,u_) 1 4

\)

0.1}
CMS and LHCb combined: ;
Br(Bs — putu~)=(29+£0.7) x 1077
CMS-PAS-BPH-13-007 , LHCb-CONF-2013-012 0.01¢}
Compare to the SM expectation:

+ - _ —9

Br (Bs = pup™ ) gy = (3.65 £0.23) x 10 -

Bobeth, et al, arxiv:1311.0903
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(Mono)jets?

pp = (0, |, 2) j + missing energy
0.1}

leading jet is b-tagged
missing energy > 350 GeV

0.01F| /
good for mg > 2my a

No help from top-tagging:
top couplings are tanfS suppressed! 107

Lin, Kolb,Wang, arxiv:1303.6638
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MonoHiggs and MonoZ

/
/
>L< what else?
a a
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