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Motivations & goal for the pseudoscalar portal

Question we want to ask in this talk:
How to fully explore thermal DM models with DM annihilating ‘ Goal ‘
through the pseudoscalar portal?
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Why is the pseudoscalar portal interesting?

% The least constrained portal
* s-wave annihilation (vs. p-wave for scalar mediators)
*+ No spin independent scattering cross section (only spin dependent)

* Open parameter space for a
quite light DM candidate, satisfying
the galactic center excess

Based on A.Berlin, SG, T.Lin, L.T.Wang, 1502.06000
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* No spin independent scattering| ||

% Open parameter space for a
quite light DM candidate, satisfying
the galactic center excess
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Benchmark models for pseudoscalar portal

What UV completion can we write down?

% Based on minimality: 2HDM

1. Scalar DM:
+* DM part of the 2HDM (if one doublet is inert)
+* DM is an additional singlet scalar

2. Fermion DM: A.Berlin, SG, T.Lin, L.T.Wang, 1502.06000

1
Lom D ——MgS* — MpD D, — y1SD1®; — y2S®I D, + h.c.
- (2 neutral states, 2 charged states) + type || 2HDM

Name Model
du b, = b,;, P, = P,
ud ‘I‘l = ‘1)“, ‘1)2 — ‘bd
dd by = by, Py = Py
uu D, =, Py =P, Studied in details in eg.

Cohen et al. 1109.2604; Cheung et al. 1311.5896

} Equivalent models:y <y,

2 Higgs doublets
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Benchmark models for pseudoscalar portal

What UV completion can we write down?

% Based on minimality: 2HDM

1. Scalar DM:
+* DM part of the 2HDM (if one doublet is inert)
+* DM is an additional singlet scalar

2. Fermion DM: A.Berlin, SG, T.Lin, L.T.Wang, 1502.06000

1
Lpm D —=MsS* — MpD,D, — y;SD;®; — y2S®! D, + h.c.
- (2 neutral states, 2 charged states) + type || 2HDM

Name Model

dw) [ &, = &4 @, = @, } Equivalent models: y <y, G}

ud | By = B, By = By

!dd) b, = by, Py = Py
uu D, =, Py =P, Studied in details in eg.
Cohen et al. 1109.2604; Cheung et al. 1311.5896

We will study the
du and dd models

2 Higgs doublets

* Counting the free parameters of these benchmark models:
Mg, Ma, My+, MD! M.S’a Y, tanﬁa tan 6 (yl — yCDSQa Y2 = ySiHQ)
For simplicity, we assume to be in the alignment limit: a = 8 — 11/2
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Comparison with SUSY models

* The du model is a generalization of the MSSM, with Higgsino-Bino DM
1
Loy D —EI'JSSE —MpDiDy — ycos8SD,P,, — ysin HS*I}LDE + h.c.

D, D, = Higgsinos, S = Bino
y=g,tan6=-1,M_ =M, M_ =y
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Comparison with SUSY models

* The du model is a generalization of the MSSM, with Higgsino-Bino DM
1
Loy D —EI'JSSE —MpDiDy — ycos8SD,P,, — ysin HS*I}LDE + h.c.
D, D, = Higgsinos, S = Bino
y=g,tan6=-1,M_ =M, M_ =y

* More freedom in the Higgs spectrum
2

v
2 2 _ . _
My =y = —As = M), Some constraints from EW
m? —m?% ~ Al precision measurements.
\ In the alignment limit: a = 3 — 11/2
large m , tanf3 g
ol = ——— (F(m3.,m%) +
gg 647 miy
< AYESM = -5~ —0.21, AMM =9 + F(m2e,m?) — F(m%,m2)]
B mi.—m: = md, Nevertheless, it is easy to obtain
= , 5 5 . 2 sizable m - m_,m__splittings
my; —my =~ mysin”(23) *

Example:m_ =m, — T=0
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Direct and indirect DM detection

Thermal relic | tanP

>/\MZM
DM f

Suppressed by m,

> A
DM f

Suppressed by m,
Can be enhanced by tanf3

> h, H
DM f

at sizable tanf, it is easier

Conclusion:
RSB 45 get a thermal relic DM
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Direct and indirect DM detection

Thermal relic | tanf Direct detection tan®

DM f
Z

x Spin independent: h, H mediated

Axh + AxHQ.SH)

2
Og o (——
x:h 2 2
m m
h H

DM~ Suppressed by m 1
Qu(d)H = tan 3 (—tan 3)

DM f Several blind spots arise for tan® < 0

______ Eg. in the dd model, both contributions

are 0 for m, + Mpsin(20) =0
DM Suppressed by mf f 10 : model=dd, M:=150 GeV, Mp=500 GeV

Can be enhanced by tanp I

DM f % 01l / B

hH Y
DM f - \
p-wave suppressed \ I}

—4 L il 1 L L L L I 1 L L 1 ] L 1 1 1
10 -10 -3 0 5 10

— y=1,mg=200 GeV |

y=1,mg=300 GeV
— y=1, mg=400 GeV }
— y=05, mz=300 GeV ]

.. at sizable tanf, it is easier tan 8
Conclusion: to get a thermal relic DM % Spin dependent: Z (and A) mediated

S.Gori
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Additional probes (scalar sector)

490" (7 TeV) +<19.7fb" (8 TeV) + 2.3 fb™ (13 TeV)

* nggs (and Z) InVISIbIe decays § 122: '_".'jl\o/lzz(::e:xpected Prelincv:i:gr?:;
Constraints from the LHC and from LEP = b I 65% expected 3
F(Z _} XX) i 2 NIEV ;121;_ 95% expected -
£ ol 24% o i
x Direct (LHC) and indirect (flavor © oo E
experiments) searches for new scalars Gomined Yriegeed - ittasged ortiagged
my=50 GeV, ma=160 GeV
401 - T T ]
| I Flavor constraints mainly for
30 - the charged Higgs boson
=~
S _
T o0l B ek > frOfQ Z;] S(\}( Vv Misiale
= ]
S g ey my+ 2 e 1503.01789
bbb mm [
]U- bt mm
_ byy mm ([
myy @ [
O e | POossible plane to be used for
00 05 10 15 20

. the interpretation of the LHC searches
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Additional probes (EW-ino sector, 1)

x LHC electro-weakino searches

- These bounds are for Wino-like
NLSPs

In our case (~Higgsino-like) the bound
on the mass will be weaker

- Also, in our model, new decay modes
can be open (eg. X, —» A X ) and

this will affect the bound

- No bound beyond LEP for DM with
masses above ~150 GeV

N a0

m(%,) [GeV]

ATLAS {s=B TeV, 20.3 fb

B 1 -l 1 | 1 1 LI | 1 LI 1 | LI 1 1 I LI 1 1 I 1 1 1 1 I 1 1 1 i

L XK —— via WW 21, arXiv-1403.5204 - = =. Expected limits |
250— — Ohserved limits —
T T —— via WZ 2031, arXiv-1403.5204 All fmits at 85% CL ]

L via Wh  Ibb+hry+I'T+31, arXiv-1501.07110 i
2001 __ h
B & S ™ .

— .;.- o - —

: é{;x ._.. B . :
15‘3_— A @ ]
1001~ -
1 1 1 | 1 -\-l\l | | 1 1 1 1 | i i | | 1 1 1 1 | 11 1 1 : | | I | ]

ﬂ]ﬂ 150 200 250 300 350 400 450

—~t

m(%,. %,) [GeV]

For the re-interpretation, we can provide the MadGraph model for our scenario
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Additional probes (EW-ino sector, 2)

* Mono-X searches

Mono-b and mono-top searches
are particularly interesting

See eg. Cheung et al, 1207. 4930
Lin, Kolb, Wang, 1303.6638

Example:

Top quark associated production
2.2 fb™ (13 TeV)

DD 105 §| T T T LI B B B

B - Pseudoscalar, Dirac, g1, =1, My, =1 GeV CMS j

- 1D4 | - _ Preliminary
O E Median expected 85% CL E
-'E 5 C [ expocsd: 1o .
= 10 E Expected + 27 E
2 - —%— Ohasrved :
% 109 E 3
10 / 5
15 =
10—1 _I 1 1 1 1 1 1 1 1 I 1 1 1 1

10 10°

CMS-PAS-EXO-16-028 Myep [GeV

For the re-interpretation, we can provide the MadGraph model for our scenario
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Still relatively weak limits,
but they will get there...

In our model, (small) changes
in the re-interpretation since
additional Z-mediated contributions



Open parameter space (~heavy DM)

du model dd model
y=0.5,tanf =-1,tanB =7, mg = myg = my= = 300 GeV y = 1.5, tanf = -10, tanf = 3, my = myg = mg= = 300 GeV
B | ' ' D
b b
I I ]
- b
175= 'i ] 175 !' i
] ] ] i
by Py
Py PN
P b ] \
_ H p— i
> . '33 '
qu 7 el ©150
T_,n 1 mEIED GaV _;,..:, 'l1I1I my =150 GeV
]
= ! = \
\‘ "ﬁ
‘\
1254 PR 125k T ——— e Y
mJ_,=125 GeV mJ_,=12:.| GeV
1 1 | 1 | ]
100 500 TO0 200 100 300 500 T00 Q00
Mp | GeV | My | GeV |
_ _ Weak constraints from :
SD direct detection EW-ino and mono-X Region not too far away from
at large doublet-component searches
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Open parameter space (~light DM)

du model dd model

Mg = My= = 300 GeV v = 1.5, tanf = —10, tanf = 7,|ma = 160 GeV, fng = my- = 300 GeV
| LUNF T '

ma = 160 Ge

y=0.5, tanfl = -2, tanf =7
1w . I

00
0k
; 70 =
=] [
O O
60 o
= =
__:Ew GC
----------------------- i Im. GO g |
ﬂE inDiwa_tfs L lov GC
LUX SI lm, GC
_JILUX SD K | |Blmra.tfs -
. CIrNh—inwv [JLUX s
EW-ino LI Z—inv) [ JLUX SD
bounds 1000 1300 00 1000 1360 3
Mp | GeV | Mp | GeV |
A light DM with mass below 100GeV can be accommodated, Note: for our study,

we take the GCE best
fit has shown in

Also the galactic center excess can be fitted Calore et al. 1411.4647

14/16 S.Gori

if the pseudoscalar has a mass below ~200GeV.



Future tests of the model

% Future stages of

- direct detection experiments (Xenon1T, LZ, ...) -

- LHC EW-ino searches MW w7

will probe additional regions of parameter space e
(especially in the light DM case) /

oo = 1000 13560 300

* Mono-heavy quark searches will start to be sensitive WO HolGeV)

: : : L Recasting the "prospect paper”
(interesting new interpretation in terms of our model) ATL-PHYS-PUB-2014-010,

300fb

% New interesting searches could be performed at the LHC:

- new EW-ino searches: eg. pp — X*X2—> (WA) X1 X1, A — bb, 11, ...
- new heavy Higgs searches: eg. H*'— X* X , H —> X X, ...

Work in progress with
Zhen Liu and Bibhushan Shakya
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Summary & Conclusions

* Very interesting DM benchmark models arising from 2HDMs

* Requiring minimality: DM = mixture of singlet and doublet states

* uu, dd, du and ud benchmark models with free parameters
My Mg, Mg+, MD& MS& Yy, taﬂl@a tan 6

The Madgraph model

generalization of the MSSM : :
is available

Bino-Higgsino scenario

* Interesting complementarity of
- Mono-X searches (in particular, mono-heavy quark searches)
- searches for additional Higgs bosons
- searches for new EW states
- DM direct and indirect detection

% Large set of new signatures for the additional Higgs bosons
& for the new EW states

16/16 S.Gori
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