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Motivations

Need of dark matter (DM)

Sirrce 1933 and ancky‘ observatlons we accumulated ev;dences for DM existence :
-.} ®e Galaxy sca. rotation curves of g&laxnes‘ o) . F -

NGC 6503 i . .

2 et Er T
——-= halo

Radius (kpc)

-

. 4 K. G. Bégeman, Al-H. Breeils and R. H. Sanders, 1991, MNRAS, 249, 523 . :'

. ) . »
GMr(r) expected to fall in A observed approximately

. 4 \/I:,
constant (!7) 0 . - -

e *.e = need of a halo with M(r) or

Circular velocity v(r) =
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Motivations

Need of dark matter (DM)

Sirrce 1933 and ancky observations, we accumulated evndences for DM exustence': !
El . -'
" P Galaxy sC rotatlon curves of g&laxues s’ .y ks ‘
. . . . .
* Galaxy clusters'scale : example of the bullet cluster ) g g
% . e
” . ;
. = b .
. . .. ’.
o g .
e " x .
- . . //_N/_/—— r o
. \ .
* e 5 c :
A direct anlrlcal proof of t'he cxnstencc of dark matter, D wvc et al., Astrophys J. 648 L109 L\113 2006
. RN . o . ) * ¢
- ; ¥
o . . & b . -
. . . . .
Study of gX-rays and gravitational lensing effect of this clusters: dlscrepancy between
baryomc matter, and gravutatlonal petential - »
. e » . . R .
G = nonregllglble non-colliding component of clusters
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Motivations

Need of dark matter (DM)

Sirrce 1933 and ancky observatlons we accumulated ev;dences for DM existence :
. R .-‘ . .

-." e Galaxy sca‘ rotation curves of ghlaxues ) .
Galaxy cIusters scale : example *of the buIIet cluster * s ’
. Cosmological scale the Cosmic Microwave background (CMB)

El
¢ .
: o .. , : . ;
To match a cosmological model with the CMB power spectrum ..
.. = 2, 30,0226 +0.0005 and Qoph? = 01123 + booss  *
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Motivations

Need of dark matter (DM)

Sirrce 1933 and Zwucky observatlons, we accumulated evn.dences for DM exustence
*. *+ Galaxy sc rotatlon curves of g&laxues 7, .. .- o
'+ Galaxy clusters scale : example “of the bullet cluster
¢ - Cosmological scale : the Cosmic Mlcrowave bafgg)und (CMB)

* Large scale structures, ...

. . P

...‘ 2 » “ °
o MW DARK O
3 g 75% ENERGY 210uR0RE ¢ .«' . ’ o
. k2 - .
. .
o P " .
oo - ) NORMAL
\a ‘.\ 8 A R 4% MATTER - BN
o F A . ‘, o T -
" . . - ", . P
DM has to be stable. and weakly cﬁ‘arged under the standard model gauge’ group
‘(otherwise we should have seen it) : . 5
- ' ' o .
Conservation of DM structures = warm-vs. cold DM - o LB

Ry her_g we choose CDM
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Motivations

Need of supersymmetry
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No symmetry p,roté(:ts I‘;iggs mass : ’ . .

..H ..l‘!, - ™ : ‘L."..' 2 k- .. - .

5 ol b R D °
oSy . . > . %
Supersymmetry, smeetry between ferr’ﬁlojs and bosons (thanks to Pomcare groupo
exteng'on) plays this rote: by addmg qne-loop correctlons . ‘
e ' . 4 . e .
S e ? “ .
Pl e 4 ; \
K l, \ ... . -
" \ /. . - g, L8 *
- P Tew
i Y2558 S ampa by
H H . N °
-2 ’ . .
P v . - .. .

= ? Cancellation of quadratic divergence
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Motivations

Need of supersymmetry

. ..
Hierarchy preblem o o P ) i y y

S . ,' = e = D * -

Hint of Higgs bosen? ©." .. . Nl . . :

ATLAS 2011 [La-rosaon'
\s=7 TeV

€
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Motivations

Need of supersymmetry

<l .

'. . b - o - 5 @ e . iy
- l-!lerarchy Iem K % E - it _ .
* .* Gauge coupling unification .. . i s ) p )

MSSM .

- . fermions bosons -

' = Supersymmetry allows unlflcatlon at GUT scale

Jonathan Da Silva (LAPTh, IPPP) DM and Higgs in U(N)MSSM : April 13, 2012 10 /.41



Motivations

Need of supersymmetry

o «9 .
b 0-. H,ieraréhy ”Iem’ g . = ; . .1 RS - . ( . .
" .* Gauge coupling unjfication . g - . L. .
* LSP/DM o 3 o g v . A .
No supersymmetrlc particles seen at the same mass as their standard partners e
= supersymmetry is braken siew partlcles (at Ieast) a; A scale .
‘. : . u< 'l PR 2 .
Supersymmetric terms gﬁle us proton dg(;ay { 3’ . . . . . . ° :
= need of R- Parlty.to forbyi them PR = (#1)3(B-1)+2 A ..
. - . -
= Result the llghtest supersymmetrlc particle (LSP) is stable '
. This LSP, stable,. at T'.e‘V scale, can be weakly charged under the SM gayge group
; . o ..
.0 ' : 5 ’ i " o . °

= DM candigates in supersyr'nr?letric models
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Motivations

Some candidates

- : .
. - . i . /

. . - .' .
" .+ Assuming ’parlty, 2 cDM (WI'MPS) cancﬁdates in the MSSM: | - .

Lightest neutralino : a lot of studies = good DM candidate g
Left-handed (LH) sneutrino : too high co g with Z0 = don’t satlsfy .
. experlmental constraints on spm mdepend t direct detectnon =

. o E)
s
. k] 3
. 5o ..
-
o . § 10
§ -
ERtS
o z .
. . § 104 .
.
e 6 78910
- , T ) Bl : ) i R ’ 3 g
* Others SUSY+candidates to DM : Gravitino, axino, ... o s
K3 2 - - o . i l.
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Motivations

Sneutrino

. » : ™ ; ’
. ” . . ° s ., » . °
. b . - &

* Neutrino oscullatlons indicative of massive neutrinos :> pOSSIblllty to ad'd a
* right-handed (RH) neutrino field "~

= Extensions of the MSSM with RH,'(s).neutrﬁ’c/an provide DM. candidate

* Different mechan.isms‘y;pear.t'q obééiri sneutrino DM 8 "+~ . )
Mixing betwéen LH and RH sneutrinos - S e
Sneuthno in jpverse s see- saw mechanism, models| - g . p
-,
RH sneutrmo extenmﬁn m the NMS )
. o g . & - . \ g = .
o . ey R 4 ¢ . . o
® ‘\. . . -

* "Here RH feutrino rhass. g',‘eneff‘;\ted by. introducing Direic mass terms MR N
= supersymmetrlc partner can be at. the TeV s . - ’

. . (2

« This candidate- couples to new vector .scalar fleld by addmg a
new abellan ‘gauge group, it’ s, the UMSSM . k

. . .
Y B . o

F ™ .
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The UMSSM Contents

Contents
, e . .
o ‘s Extending S\ gauge group is well- motivated in supbrstrings and grand unlfled
~, % theories etit and P. Langack’er Phys Rev. D54, 3WU (1996) ) .
« Symmetry group : SU(3)c x SU(2)L x ULy x U'(1) . o '
"Coupling constants : g3, 82, 8y and g =g = Soy & .
. (1)-stems from, the breaking of Eg : B . -
Ee —> SU(3)c x SU(2) x U(l)y X U(l) X U(l)w = U ('],) charge o g -
Q s'cosegeox+s.neEGQ¢, . 056 ,e'[ Tr/2 Tr/z] Eh .
s ° --,,.v,..‘\ \ . °

* As ths NMSSM this model solves the 1. problem, since it’s related to the v.e.v of the ’
singlet responsnble of the, brealwlg of the new abellan gauge group 3

. .Superpotentlal . “ A X . TR
& X o WMgSM —UYUQHU = ddeHd —g/eLHd + uHy Hd ' p ’
. ' WUMSSM WMSSMTM 0 + ASHuHq + Dy, LHy + o(Tey) -

o [ Qchoice ] Q[ @ [d:[]L] @[ 7 [ Hu¥ Hg [S]
Soo1.v80Q, |1 1|33 1542 ] 2[00,
.. vaaQy [ 1 [ 1 [1]1f1]1 .

2| -2]|a .
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The UMSSM Contents

Contents
o «9 .
. . o PRI "
El . . -
'Some dlfference.th the MSSM . . s o » "
* Gauge sector : Physucal abellan gauge bosons : Z; and 22, mixing between WA
y of the SM and the Z/, az is the ;lxmg angle .
. y U . 1 " - > . o
) M11722 = 2. AMZO :fsz/ + ( 20 ok /) + 4A o ~e .
) : ~.,i.‘ - O ,»‘ s e . .0 e .
© e . W ' 2A2 ey - -
. : .. ’ e -:;Sin.zaz«":“—\_—le : ¥ i . ....
.. 2 Ny ) ! , e
Higgs sector : 1 CP odd higgs &, 5 CP even higgs : “h, hy, hy and h3 , .o
: singlet-li Re.hlggs (h2 of h3) mass near Z, mass - e .
o |nclud|ng pure UMSSM terms + r'hat\/e corrections 2
B ) r ’ H— ﬂ"'hl above LEP Ilmlts ) .. .4
. . . = = .
i 3 : . - . -
‘. Gaugind‘?secgor % 6 neutralinos in the bdsis (§,\I~V37 ﬁg, ﬁﬂ,g, §7) & .
. ._ . o ’ ' o o . ’ i ‘e
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* Gauge sector

*. Gaugino sector :
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The UMSSM | Contents
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VR o g " AN . e B
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* Higgs sector > Uy AA ' & . .

Mz, and az é tB constramed

: My, M/1 and again g (hlggsmo'NLSP) ’

* Soft serms at 2.'.I'eV = no sfermion coannihilation
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The UMSSM | Constraints

Constraints
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The UMSSM Constraints

Constraints
.. i
. s . ‘ e . P . /
. - e . ®. " ®
* On our CDM candidate . " g -
* Relic density at 3¢ with Q,,,,sh? = 0.1123 il 0.0035 )
Spin indepehdent direct detéction cross section ¥ - ) o
. o
. 1 3
’ . enon100 210 . . ..
B
» JENON100 (@01 oy
2 v TR .
o g’ * 2 y
. e
100 200 300 400 500 600 700 800 900 1000 . -
i 8 ] WIMP mass (GV)
4 ; .0 ;8 . - " "
. - . o - . l.
e i
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The UMSSM Constraints

Constraints
o «9 < ' .
. s On our CD&cahdidate ) ’ ¢ P, e .
- ’ . = ., » . &
- On different sectors of the model % " )

Higgs mass constraints from LEP and LHC : 114.4 GeV < mhl < 144 GeV
in this talk only 123 % mh1 <127 GeV . e

s

"New Z boson mass- constraints from ATLAS : b -, ) Y
Q' choices- | Qy | Qn |-Qy [, Q1. Qs .| Qy | .
‘-(TeV) 1 49 | 1.52 | -1.54 .1‘56 1 60 164 |- @
: Z0 properties > |@zZ| < 1.0 3 (Mw, —.cos 9WMZn\, not MZ1 ). o B .
“LEP constramts on spartlcles masses (especually chargmos) 3

BU — Bd s mesgns phyans constramts AMy s mass dlfferences with one-loop

supgrsymn’letrlc ‘contribition wnth eharginos and charged higgs RN <
= supersymmetry can increase the dlfferer!é that _appears between obseryed
-~

,

. and standard model expected_,values g ¥,
- Amg =17 77 +0.12 ps*I(CDF) AmSM = 2(r5 131 ps e

Amd = 0.507 + 0.004 ps_l(HFAG) Am —"0.59+0.19 ps_'l \

.. Am, =47.63 + 0.11 ps }(LHGb) * . e
. : g .
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The UMSSM WIMP annihilation

WIMP annihilation
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The UMSSM WIMP annihilation

WIMP annihilation

e . .
.PaFameter space jons with QWIMPh2 ~ 0.1 = need to’incrdase the annihilation cross
“seCtion«: ﬁ . ~ ® &7’ .. Ll k
: 7 = .. N ~ o 8 :
’./ % A .
. a " . s J X
. y." & - - ., 5 o.
o WWH od . ﬁ -
° . e
n - N9 p ] 2 K3
. o s s b o R . &
' . W i 4 é
o " se - - \
o c oy o , »
\ 3 " Y s N 7 ! - N
B ¥4 \ e N
., -~ &
® . ' o -~ ¥ a »
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Rl ) . g
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The UMSSM WIMP annihilation

WIMP annihilation

) e . .
.PaFameter space jons with QWIMPh2 ~ 0.1 => neéd to’incrdase the annihilation cross
“seCtion«: ﬁ 3 ~ ® Xt .. Ll k
“* WIMP mass near iny, /2 = . ) et
f IR ) -
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WIMP annihilation

The UMSSM WIMP annihilation

.PaFameter sﬁaceﬁioﬁs with Qo h? ~ 0.1 = need to’incrdase the annihilation cross
| . ; s ;

“seCtion«: .
“* WIMP mass near iny, /2

-

. .. *
.. e

* WIMP mass ‘near'Mzz /2 (alsor m'hi/2)

o "
YR .‘ cb - VR .
: . Y : b
E oo o3 -.f R
® 4 .
: . @ 3 \ - .
. @ B =& »
. . WE . 3 .
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o ‘e ' B .
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- N ca®
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WIMP annihilation

Parameter spac

The UMSSM WIMP annihilation

" e jons with Qv h? ~ 0.1 = neéd to’incrdase the annih'ilation‘cros.s
“seCtion«: ﬁ . .~ ® Bl .. Lk :
“* WIMP mass near iny, /2 = * WIMP mass ‘near'Mzz /2 (alsor m'hi/2)
: R b i ) R f
AN Q/ \ % .
i \ it < \/‘\J\<
= ~*~ - 4 : i ' 2 N -
VR. ‘..‘ cb"' . L - "R o . . ol . '
* WIMP mass near my, /2 pr abobefW pair threshold . SRR
. . 3 ] N o . B
. 3 s Rt e N o .
e RO o TPV . IR hy *
"N & o, ..I.‘ . - (W4 y
e > __‘55._. Rk
N\ W% i # e R TN ¢
v A (TR R hy
P . - 4 ¢ S - . »
. ..
o . : . ¢
7. & ) p ° .
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The UMSSM

WIMP annihilation

WIMP annihilation

. .. i ) .
Parameter space jons with Qv h? ~ 0.1 = need to’incrdase the annihilation cross
2 a. .° ! o ° - ° * .
" section-: g . . ~ N .
* WIMP mass near iny,, /2 = * WIMP mass near Mgz, /2 (also m'hi/2)
: R b ) R f .
\ . \ v _—
: X < : = ‘N\< A
- o ) q - - gt P N .
. N R AR Zy N
4 R s be . MY SEREER ‘ '
: -’ ¢

B
"+ WIMP mass near iy, /2 pr aboe*W pair threshold . y o

. i T
e s s . R o .
e R . o TPV R hy :
' SN Ml - b =] A
X « __‘<, é S
W 2 * \ \ "
. /A. [ b, 4 . '/ h,'” NS : :
%o, o« e , *R h 3
* Coannihilation processes (r/nainly'lﬁggéino—like), » £,
‘ N _ . el 0 T
X2 t
+ . . T .
X1 . . dd, T i
.0 " s ~ °
. Wt \ . _ *e
; . b 0 i
" v @ Ay & LN '
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The UMSSM WIMP annihilation

WIMP annihilation

. .. i )
Parameter space regioqs with Qo h? ~ 0.1 = need to.increase the annihilation cross

*seetion: . "

'WIMP mass near MZZ /2 (also my, /2)

e . »
.. .Y ~ °

WIMP mass near ﬁlhl/2

WIMP mass near my, /2 or above W pair. thres *
Coannihilation processes (mainly, higgsino-like) : e

MZz =1.6TeV,u=15TeV,A =0.5TeV, 0, = 10 rad
MZz =1.6TeV,u=1.8TeV, 1.8 TeV, 0, = 10* rad
M, =25TeV,u=18TeV, A =1.8TeV,q, = 10* rad
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The UMSSM Scattering on nucleons

Scattering on nucleons
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The UMSSM

Scattering on nucleons

Scattering on nucleons

s Mainly‘abe&n gauge bosons contribution, h; for LSP mtass <200 GeV
~ & % ) . o’

= for some U’(1) models we can have

a good suppression of the gauge boson
or/and’higgs part =~ * °
. « . here U(1), = ().E& = ™2 1

" ‘
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The UMSSM

Scattering on nucleons

Scattering on nucleons

: .. “
2 . Mainly‘abe&n gauge bosons contribution, hy for LSP afass

= for some U’(1) models we can have
a good suppression of the gauge boson
or/and’higgs part =~ * °

« . here U(1), = ().E& = ™2 1

A P
. = * . e
o ..- ._.' :
N 2 .
b B . o~ .
® .

= for other models; huge: constraints
on the parameter space appeaf™
here U(1),, = tanfg; = —/5/3
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The UMSSM Scattering on nucleons

Scattering on nucleons
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