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Motivation: direct detection of dark matter
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Spin-independent (SI) cross section in NMSSM
» Neutralino-nucleon interaction:
X(l)N—)X(l)N (N:pv n)
» Cross section: )
4'Mred 2
= I f
gsj| T N

> In the case of ideally elastic scalars exchange in t channel:

M

M
Qixx h; O h; NN
~ _ XX
fn ~ E ﬁmh,—-g AgijggLA*
i=1 i=1 hi
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Spin-independent (SI) cross section in NMSSM
» Neutralino-nucleon interaction:
th)N—)X(l)N (N:pv n)
» Cross section: )
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> In the case of ideally elastic scalars exchange in t channel:
i Y o h;Cth; NN
fn =~ g = XD S
3 -t
i=1 i=1 i
In (N)MSSM:
Oy = V22X (SitN1aNis 4 SiaNigNis + SisNi3Nig) — V2kSi3Nis
+g1 (SitN11 N1z — SioN11Nia) — g2 (Sin Ni2Nis — SioNioNig)

_omy [ Sit vy, Siz ()
AhiNN = V2v (cosBFd * sinBFu
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The NMSSM model

1 1
W = ASH,Hy + ¢£S + 5//52 + 5553
—Lsoft D miy, |Hul? + mi, !Hdl2 +mg |S|?
+A\NH,HyS + 3A kS 4+ m3H,Hy + 2m 2524 ¢sS+ hee.

5 additional parameters with respect to Z3-NMSSM.
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The NMSSM model

1 1
W = ASH,Hy + ¢£S + 5;/52 + 5553

~Loty D miy, | Hul* + m, !Hdl2 +m |S|?

+A\NH,HyS + 3A kS 4+ m3H,Hy + 2m 2524 ¢sS+ hee.

5 additional parameters with respect to Z3-NMSSM.

Scalar sector:

cosB sinB 0 Hqg
=|sing —cosp 0 H,
0 0 1 S

v I 3>

Mass eigenstates: h; = §UI:IJ hi= h, H,s
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Blind spots in NMSSM

Approximations/assumptions:

1. Ni1 =0~ Nqpp gauginos decoupled
2. my > my heavy H
3. FM ~ F(V
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Blind spots in NMSSM

Approximations/assumptions:

1. Ni1 =0~ Nqpp gauginos decoupled
2. my > my heavy H
3. FM ~ F(V

Considered cases:

1. Only h exchange

> no mixing among scalars
» with scalar mixing

2. h and H exchange

> no mixing with s

» mixing with s, ms > my,
3. h and s exchange

» leading effect from H
» large tan 3 region
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Blind spots in NMSSM

Approximations/assumptions:

1. Ni1 =0~ Nqpp gauginos decoupled
2. my > my heavy H
3. FM ~ F(V

Considered cases:

1. Only h exchange in this talk
> no mixing among scalars % —sin25 =0 (MSSM-like)
» with scalar mixing

2. h and H exchange )
» no mixing with s % —sin24 = w (Z—:) (MSSM-like)
» mixing with s, mg > mj,

3. h and s exchange in this talk

» leading effect from H
» large tan 3 region
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Constraints

Constraint 1:

N _
oM = cM . 10738 ecm? (NG — NZ,)?
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Constraints

Constraint 1:

N _
oM = cM . 10738 ecm? (NG — NZ,)?

) , {1 - (mx/u)z} (1 — N%)cos23
Niz — Niy = 2 ;
14+ (my/p)” —2(my/p)sin2
SD blind spots for:
> tanf =1
» pure singlino LSP (N5 = 1)
» pure Higgsino LSP (m, /u = 1)

Constraint 2:
Qh? = Qexph?® = 0.12



Blind spots in NMSSM — only h exchange

» Let us introduce:

Shs Ni5(Ny3 sin 3 4 Ny4 cos j3)

v

= n=
Spi NizNig — 5N

where |')/’ ~ NV ‘AHHX’ and mp = I\A/’hh + AIniX-
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Blind spots in NMSSM — only h exchange

» Let us introduce:

She )= Nys(Nas sin 8 + Nyg cos B)
Spi NizNig — 5N

where |')/’ ~ NV ‘AHHX’ and mp = I\A/’hh + AIniX-

» Blind spot condition:

v
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Blind spots in NMSSM — only h exchange

» Let us introduce:

Shs )= N1s(Nizsin B + Nyg cos 3)
Spi NizNig — 5N

where h/’ ~ NV ‘AHHX’ and mp = I\A/’hh + AIniX-

» Blind spot condition:

v

T=-"

» For small |v| blind spot requires small |7| and hence:

» strongly singlino(Higgsino)-dominated LSP
» mixed LSP with very small A
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Relic density — only h exchange (no scalar mixing)

Because ayy, = 0 the h exchange is negligible.

N=—-n = ﬂ—sin2ﬁ:0
1
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Relic density — only h exchange (no scalar mixing)
Because ayy, = 0 the h exchange is negligible.
y=-n = ﬂ—sin2ﬁ:0
I
Two generic mechanisms:
» resonance with Z° boson (m,, ~ 45 GeV):

2
0.3 2 m2 4m? V2 2
Q% ~0.1 Z X _ 14— —Z
(N123 — N124> 4m? ( m% + 4 + m2

» annihilation into tt (m, 2 170 GeV):

~1/2
2
0.05 m? 31 m? 1
Qh2~o.1<> 1f+(1 f)
Nz, — N, m2 4 xs 2m2 1_m

X
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Relic density — only h exchange (no scalar mixing)
Because ayy, = 0 the h exchange is negligible.
m
y=-n = X _-sin28=0
I
Two generic mechanisms:

» resonance with Z° boson (m,, ~ 45 GeV):
2
03 \* m} |[4m} v2 r2
thzo.l( > Z X _14 7 | 4 _Z
NZ — N2, ) 4m2 m% 4 m%
» annihilation into tt (m, 2 170 GeV):
~1/2
2 2 31 2 1
o or (00 V[ 21 (o)
N3 — Ni, my 4 xf 2m 1_m

N
UéD) ~ (N123 - /\/124)2
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Relic density — only h exchange (no scalar mixing)
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Relic density — only h exchange (no scalar mixing)
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Relic density — only h exchange (with scalar mixing)

2
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Blind spots in NMSSM — h and s exchange

» Let us introduce:

. = Qs 5 (mh>2N_71+Cs <mh>2
* T amww Spp \Ms 1+cp \ms

_ gil:l 1
=1+ z (tanﬁtanﬁ>

ih
For tan 8 >> 1, ¢; is the ratio of h;bb and h;ZZ couplings
normalized to the SM values.
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Blind spots in NMSSM — h and s exchange

» Let us introduce:
= 2 2
A= Qs Sss (mh> oy LT s <mh>
* T apwn Spp \Ms 14 ¢, \ms

_ giH 1
=1+ z (tanﬁtanﬁ>

ih
For tan 8 >> 1, ¢; is the ratio of h;bb and h;ZZ couplings
normalized to the SM values.

» Blind spot condition:
v+ As

= — E— _— =
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Blind spots in NMSSM — h and s exchange

» Let us introduce:
z 2 2
A= QNN Ss (mh> 1+ (mh>
s p— ~ — ~ T , —
QhNN Sy \ Ms 14 ¢, \ms

_ gif—/ 1
=1+ z (tanﬁtanﬁ>

ih
For tan 8 >> 1, ¢; is the ratio of h;bb and h;ZZ couplings
normalized to the SM values.

» Blind spot condition:
B s i R
. / K 1- '7»/45 /
» Conclusions:
» because mg < my, the LHS can be one order of magnitude
larger as compared to the case of only h exchange
» in general NMSSM we can have Qh? =~ 0.12 and other
experimental bounds fulfilled even for A ~ 4 GeV
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Z3-NMSSM — only h exchange (heavy singlet)

2
y=-n = T"—sinZ,B%y;(%) (1— <7X> )
sgn(myp) = sgn(k) || < 3A (for singlino-like LSP)
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Z3-NMSSM — h and s exchange (light singlet)

2
my _ ~ ATAs & p _ (M
= sin2f3 = T4 % 1 m
~ 2, 1,2 2 (2 2\ ~ 1
m,~2migp = mi+3zmigp+2(mi—mi)~As+ 305

2 2 Atan 3\ 2 2Msus 1

~ s USY 1

mS ~ mLSP ( 27 ) In (mLsp tanB) 3

e




Conclusions

» We derived current constraints and prospects for SD direct
detection for SI blind spots in NMSSM with thermal
singlino-Higgsino LSP.

> If my, mg > my the allowed mass regions are
mysp ~ 41 — 46 and 300 — 800 GeV and will be almost
entirely probed by XENON1T.

> If mg is small, in general NMSSM it is possible to obtain
sizeable linear correction to the Higgs mass A ix ~ 4 GeV
with all considered experimental bounds fulfilled.

» In Z3-NMSSM we have mpgp > ms and additional
annihilation channels (mainly sa) and resonanse with a relax
the SD bounds. In particular, mpsp = 400 GeV may not be
explored by XENON1T.
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Backup slides: Relic density — only h exchange

tans

A=0.5, =0, a;,, =0
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slides: Relic density — h and s exchange
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Backup slides: Z3-NMSSM — h and s exchange
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Backup slides: Higgs sector

» Convenient basis (H = OgH):

h cosB sing 0 Hy
H|=1|sing —cosp 0 H,
5 0 0 1 S

» Mass eigenstates:
h,'ZS,‘jF/jZSUH,' — 325'05

Explicitly:
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Backup slides: Higgs sector

» Diagonalization (A = Ay + (9%f)):

2 _
Mz, = AvAcos2f
Mz, = Av(2u — Asin23)

; 2 2 2 ;
Diagonal elements, M%, MHFI' Mg,, are more complicated.

We trade them for physical scalar masses (my, ms, my).

> For a given my ~ 125 GeV, mg, my, p, A, A, tan 8 we can
find numerically Sj;.



Backup slides: neutralino sector

» Mass matrix (after gaugino decoupling):
0 — —Avsin
— 0 —Avcos g
—Avsin3 —Avcos  (0%f)
» LSP components (after trading (02f) for mysp):

N1z Av (misp/p)sin B — cos 8

Nis 1 — (mpsp/p)?

Nia  Av (mpsp/p)cos B3 — sin 3

Nis 1 — (mpsp/p)?
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Backup slides: large tan 3

» Tree level couplings of h; to b, t and W/Z:

Chit = S — S,z cot 3
Chivv 23,-;,

> If mg < mp, we can hide s from LEP in the limit of large tan 8

(and hence small \).

» Important observables measured by LEP:

» _ > BR(s— bb)

2
sbb — sbBBRSM(h — bB) ’ gSJJ =C

sbb

BR(s — jj)
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Backup slides: large tan 3

~» BR(s — bb) ; B
2 . 2¢2 2 2&2
é.sb[_) ~ Cs SSB BRSM(h N bl_)) ) isjj ~ Cs sz, BR(S %JJ)

2

s~ 1+ ZHtanp

sh

0.5

M. Badziak, M. Olechowski, S. Pokorski
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Backup slides: blind spots in MSSM

» Higgs mass matrix eigenstates:

h\ (cosa —sina H,
H) \sina cosa Hy

For heavy H: sina ~ —cos (3.

» Traditional blind spots | 1211.4873 |: my — 00

Mx | sin28 =0
7
» Generalized blind spots : my > my
2
t
My o _t2n8 <mh>
Y 2 \my

In both cases m, and 1 have opposite sign.
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Backup slides: blind spots in NMSSM — h and H exchange

» Let us introduce:

_ QHNN Sle(mh)z <mh>2tan5
AH: — ~ —

apNN S, \MH my 2

» Blind spot condition (A = Ay + (92f)):

M _in28 = Ay [1 - A‘/;\nfl <mX - sin2ﬁ>]
1 m o

S

» Conclusions:

» sizable effect only for tan 8 > 1
» Ay is always positive
» slightly more points in mixed LSP region
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