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WIMPs candidates in SUSY models MSSM

WIMPs candidates in SUSY models

#. ** Assuming arlty, 2 cold DM (WIMPs) candidates.in ) the MSSM
Lightest neutralino : a lot of studles = good DM candidate . *

Left-handed (LH) sneutrino : too high coupling with Z0 == ag'L.N >> agi_(p

(cf. first lecture of Natalia Toro) /./ R T
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.. E. Aprile et al., arXiv :1207.5988 [astr6-ph.CO]
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WIMPs candidates in SUSY models Extensions of the MSSM

WIMPs candidates in SUSY models

"

_ Assuming R-parity, 2 cold DM (WIMPs) candidates in the MSSM : e

.

Lightest neutralino : a lot of studies = ,Q’d DM candidate*
‘r. Left-handed (LH) sneutrlno too high coupling with Z° :> .don’t satisfy
experlmental constraints on spln mdependent dlrect detectlon cross sectlon <.

first lecture of Natalla-Toro) e - ., 5 ) .
r 1 b . o ¢ . g T .
= 3 " | F B
-~ . - . gy e :
= 1 -.' '. . . - S ) .

£l L i PR
Neut'mo oscnllatlons mdn':atlve of massive neutrmos = p055|b|I|ty to add a.

right-handed (RH) neutrino fle.ld . o |
= Extensions of the MSSM wuth RH (s)neutrmo can, provude DM candldate

leferentOmechamsms eX|st to get sheutrino Dl\lu,e g\ ‘Béranger Dumont talk)

Here we wan't generate RH neutrmo mass by introducing Dirac. mass tams =

.

supersymmetric partner can be atthe TeV scale " -
This candidate couples to_new vector, scalar field by adding a Jnew abellan%auae group
-. : g . o
. .. . .. . . . o4 '. p
». " . . . -
v KL ;
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The UMSSM Contents

The UMSSM

. Extending the SM gauge group is weII motnvaf‘p superstrings and grand unified

theories g 5
* Symmetry | group™: SU(3)c X SU-(2j|_ X U( )y, x U/(l) ¥ o G . " as
Couplmg constants assqcvated g3, gz, gy and gl = gln— \'/ggv C e '.
. . . e *
° . e
. - @ ~ \ °
. £ g R ¢ e P ’ - °
. W b / p
. o, '; & ‘ ;

+ 2y, LHy + O(TeV) N
* U’(1) stems from- the, breakmg Ee %;S._U(3) $(2)L X U(l)y X U(1)~ X U(l)w

-2 i & -
Vo . L.

Q = cosPEGQx + sin 956Q¢, . Og € [—7T7/%,7T/2] -
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The UMSSM | Contents

The UMSSM

.
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. P % ’.
K3
w . LA - .
Relevant free parameters: . #a ® - 5 : . , .
;. *- WIMP mass M, - = S A ; ? . it : PgaNE. 8
* Higgs sector = 1, Ax, / By i &
‘ ¥ y . c' . g oy . ' . ’ *
* Gauge séctor.: Mz, and az = tg’eonstrained, g e
* " Gaugino sector : My, M| and again /! (_higgsiho NLSP) $ .
. - ' g I ’ i g - ’ . T
* 0 0¥ . e 3
L Sqft.terhs at 2 TeV = no sfermion coannihilation - ~ ° e
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Higgs sector

Higgs sector

W1 CP odd higgs AS, 5 €P even higgs : h*, hy, hp and hy'  .* .~ /
S sifi@let-like. higgs (hy or h3) mass near Z, Mass
' including pure UMSSM  terms 4+ radiative corrections . W ‘e

= myp, ~'125 GeV is' ;nore naturalithan in the MSSM.

. o ) . ape . B . d
=*visible decay modgs not significantly suppressed, even for my, /2 > misp
N . - o ‘e . . '
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RH sneutrino interactions annihilation

WIMP annlhllatlon

.Parameter space gIOBS wnth QWIMP ~ 0 1=> need to’ mcréase .the anrihilation cross

. -,
' section-: . - L.

- WIMP mass near Mz, /2 (also mh /2) )

. .

WIMP mass near mh1/2 ' : ”

WIMP mass near my; /2 or above w paii thr
Coannihilation processes (malnly hlggsmo-llke)

.5 TeV, a, = 10° rad
—_ 8 TeV, a, = 10" rad
o X A d LA, =18TeV, o, = 10 rad
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RH sneutrino interactions Scattering on nucleons

Scattering on nucleons

.Mamly abellan gauge h050ns contribution, h; for LSP mass <'200. GeV

/

“'Abelian gauge b@#®n contrlbutlon to dlréct detection : * -
I N _ _ !
T = 1°' Pl —ash) +¥)2 + (5 + 29)(A 2 o

2 - 2

‘th g’ sinaz cosaz 1 o ; g’l s (sintaz . cos®az.
wI1 = Ay S ) == i . |- ‘m®
y 4 sinbyy M2 M2 ‘ 2 M2 M%z. ) .

,.. = stringent co‘nstrélnts “for

= -3 i
x=10° rad . small |0g| begause of .
7 TeV, a, = -10% rad
. term. .
MZJ =3TeV,0,=10"rad »
: > "

3 o 4
0 5 &
o, (rad) ~ = e

> " 5 A E .5 ' 0. o '
E
= Intetesting WIMP. mass | *fom 50.GeV to TeV-scale

Jonathan Da Silva (LAPTh) Higgs and DM in the UMSSM

August 30,2012 7/8



Conclusion

Conclusion
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UMSSM fields

BACKUP

. . ’ v _- Chiral supermu[tiplet; 3 ., F . ‘
Supermultiplets. spin 0 spin 1/2 | SU(3)c, SU(2)1, U@R)y, U'(1)
*|. squarks, quarks | Q (@G d) | (udy) (3.2 1 @)
(3 families) i U ‘TR B L-3Q) "
. o o W dis dr G. L % Q)
sleptons, leptons |* L (14 eL) < (v er) . (1 2. QL)
(3 families) 7. v . TR (1 1, 0 QY
. E e N At Yy
Higgg, higgsinos |®H, [ (Hj-HE) | (Fj#HD) @ 2.’; Q)
Pl H&F OO LS A | - (L2 <3 @)
Y o 5 (LL0Q) .
. ) - Vector supermultiplgts - ' - af N ‘
o Supermultiplets -~ | spin 172 | *spin 1. | SU(3)c, SU(2),, UM FU
~ gluino, gluon T g (8, 1, 0, 0)
winog, W bosons 'Wi~W3 w+ w3 (1,73, 0, 0). ]
bing, B Boson ? . B - (1,1,0,0) .
bto’, B’ boson * B’ B’ = (1, 1,%, 0) »
hd . 4 . . '
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Some new lagrangian terms

.

* . * Superpotential :: = . . o T - ) . s
Whissm =0yu QHu d}’d QHd Hg + pHuHg i »
% WUMSSM WMSSM(M = 0) + ASHo Ny + tys LH, + O(TeV)
* Soft vsupersymmetry bregkin'g-:» - . "_‘ TR T ! .
» L N S o )
. .so‘?’f“” - ’(M3gg‘+ MzW,‘Wi MBB Hec) .o L
. . o
’ — (uRauQH adQHd — eRaeLHd + c.c. ) \
- . e
\ —‘@Tm2QfL‘LmLL7uRm uRdem deeRm—eR. .
5 . \
; ~~mHmHT Hu = ey HfHd BH,Hy T c.c.) &
. ?
Li’o“/f,w = MM 1= o) ~ < MlB/B’ + MkBB' + pRa,,LI’Iu + c.c )
A i Vle,VRf(/\A)\SHUquLcc)fmSS & . °
o . -
N ™ ) : . . ..
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Contents

= - o . a

e . ¢ . ‘ > : .
Some differencesMith the MSSM : o

* Gauge sector : Physical abelian gauge bosons : Z; and Z», mixing' be_t;/een the Z0

of the SM and the Z’, oz is theymixing angle o
- o ., o | .29' .' 2 2 ‘Mz N R v . o
’ - My, 5, : O ‘,MZU +MZ’ T (MZ“ + Z’) ; %.4AZ . .
: - . ™ i A R o
pe T . oin 9 i .", s S A .
° . 2 < 4 - P
. g . 2A% 4 i ®
oo @ N 4 z : .
" o ¢ R <’ sif 2a7 = %\ 7M% - . ..
' . W 4 5 9 5

. .
- \

. Hig.gsf sector : 1 CP qdd"hl'gg_s.AO, 5 CP even higgs :,hi, hy, hy and hs -
: singlet-like higgs (hy or h3) mass near 7o mass =~~~ 1 -

° !
-including pure'UMSSM terms + H'Eliative. corrections
' " =My, above LEP limits  _ , "
" on . 9 . . - "3 . ~'~3 30 ;0 ~"‘7 i
Gaugines seotq!' : 6 neutralinos in the basis (B,W 7Hd’ﬂu’ S,B’) -
. : . . o e ’ ‘e
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U'(1) charges, constrained t3

. ﬁ choice | Q | 7 b oL & | & [Hal=Hs [S]- :
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Higgs masses
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Constraints

* On our CDM ¢andidate
h? =0.1123 +0.0035 .

" Relic density at 35 with Q..

Spin independent direct detecfion cross section o
: @ | 27 )
s p o
. -
. » ..
B
. -y
B 2 o
N : “ .
. abi \
. y >
.
N R A S W W AN W g
200 300 400 500 600 700 800 900 1000 .
o & WIMP mass (GeV) .
) .0 o s ” - o
K . - ° . '
. . . l.
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Constraints

.

® «* Onour C' candldate ", » e N ok ; -

"+ On different sectors of the model

Jonathan Da Silva (LAPTh) Higgs and DM in the UMSSM

_ New Z boson mass constraints-,from AT

Higgs mass constraints from LEP and L i :114.4 GeV < mhl' < 144 GeV
LAS : . - ) g

Q’ choice | Qu [ Qn. [ Q, | @ [ Qs | Q. | =
i'('IJeV‘) 189 | 152 [ 1.54 (156 | 1.60 | 164 =

Z0 propertles = kxz| < 10"3 (MW = cos GWMRU' not M?z1 ') e o

LEP constra’nts on opal’tlcles mass@ (especnally chargmos) o’

B0 — Eg . mesons phy%cs constramts AMys mass dlfferences W|th one-loop ,

. supersyminetrle\:ontrlbutlon with chatginos and charged higgs < .

:>05upersymmetry can increase the dlffer%ce that appears between observed
and standard model expected ‘values-: . . » . 2 ;

Ams =17.77 £ 0.12 ps’l(CDF) AmdM = 20. 5+3. "1 Ps @

. Amd70507:|:0004 ps 1 (HFAG), Am$™ —*0.50 + 0.19 ps.
' Am, =17.63 £ 011 ps l(LHGb) - - ® . "
3 J
. 8oy Vo .
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WIMP annihilation

Parameter space‘gioﬁs with QWIMP h? =~ 0.1 = need to’incrdase the annrihilation cross
. ¢ ‘ .I' . .
sectlon" b . " .

. .
- .

* WIMP mass near mh1/2 N . .VYIMP mass‘nea_r' Mzz/%-(,aI§O‘ ";h,-/z) :

.. WIMP mass near mh /for abpve W p,g'lr threshold ~\

v . )
o4 . . o . .. .
* 5 s S T Z: 5 o .
o B \\ L fw . ’, ; \\ /(. ) .
: py : : . G Y ST UL
o | A T Y . ey A N kA ~
o 4I: A/ — " ; ' S E ! h g
= Dre ¥ W e Y. VR . A 8
. Coanmhllatlon processes (mamly E'I’ggsmo—llke) . . P
" _ X2 o t "
il S 4d : —3
.>fwx< " w b .
o S P .
. Wt ) B
g LW, IR
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Coannihilation with sfermions

y . e ’ p .« y !
. ‘ ) . ) - & Lo .
. J ' ,. - .. % ~ " = B
Sparticles sector : . . ] /./ . I 3
2 2 g2 ik 9 s N : g i i a2y, “
M2 _ o Mo T M7 + M3 cos 25(# %‘ sin? Ow) + Ay . "'"f(Af ultg)”*F) ) .
f. mf(Af ‘,(tﬂ z’f) N % 3 ms(;& + MZO q??ﬁ(l— —. ef sin’ 9W1+ mf +'A; .
s o W . Nl ! ’- i ) ° )
. o,
where Af = le Q;(th v§ % Q + Qs ) oanmhllatlons i e o
. e \ L
) a el . 4 . ) . , .
. 0g, > 0:generally {1, -, =~ A ' TN . S N B
B ' ‘ 4 il P . NN
0g; < 0 : generally RH down, sqarks by, :
. b gz ' P ot ) ! $ > ¢
- i . -
- o . ) s . K
I . LB
. ’ i 4 . . =8 .
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Characteristics of the global scan

»
.. " . .

Fixed parameters H ee parameters ‘ '\
A Soft terms g H Name Domain of vériation ‘ .

mq, | 2 TeV my | 2TeV || Mg, - [0.71.5] Tev
mg, | 2 TeV.‘ 7‘nd 2 TeV Mgz, '[.1 3 3] TeV .
me | 2 TeV |gmp [ 2 TeV o 0.1, 2] Tev -
: -~ ic {1m,3], j.e {12} 1| @A) [0, 2] eV
v “Trilinear cotiplings + Mio || Ok " [-7'r/2, 7r/2']'rad-
o Ar | 1Te\ |* Ay $0 TeV az v [3.10*3, 3.1073] rad |
| A |0 TeV VA 0TeV || M 01,21 Tev YL -
Ay | 0TeV.| Ay | 0Tev || M ‘( [0.1, 2] Tev i
B A | 0TeV | M| “1eV || Mo =2My et M3 =6M; |+
’ : LI
o . 7 - ’ M
.. .
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Output

. . .
o . . - > /

. . . . B ..
.'-" 3 . " . s .., * o~ . °

Interesting WIMP mass [ from 50 GeV ta TeV-scale

,u: vs. WIMP.mass . -~ SN Mgz, vs. _\NiMP.mass" *
’ ’ y . L
X . .0 3 . 4 . % ’ N
» " . . > .. ..
. . . -
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Output

B = s . p ® b y

. ‘. . .
' ‘Interesfing Wll\llﬂnass." from 50 GV to TeV-stale ‘ ity o

° : & i =" . T (L .. "
Dirgct detection. cress séction vst WIMP mass - . - Mz, vs. O, » » .
. . g . & » . .
Lower is \()E(_. higher are Z, processes in ‘direct detection cross se@tion = huge constraint
Y . . o 4 . %
.
. b 8 : w . .
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Output
.LaFgc S.USY'cor&tior.s‘ proportional to r% > small valuts of*t; very constrained by AM
.- st : .., & . .

(here my,-betweé

73 and 127 GeVjes - - 5 L

El
..
K : allowed with 6. > 0
allowed with O ‘<0
excluded by Amd s
= 2
1(-13.002 -0.0015 -0.001-0.0005 0 0.0005 0.001 0.0015 0.002 0.0025 0.003
o, (rad)
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Need of dark matter (DM)

..

rotatlon cutves of galaxues = N

Smce 1933 and 3cky ‘observatlons we accumulated evldenc’es for DM existence :
-

~* Galaxy sc

NGC 6503

s TN

Radius (kp( )

K. G. .B.cgcman, ATH. B;}bils dl1d R. H.Sanders, 1991,

MNRAS, 249,523 -

A ‘ L
. Clrculagalelocnty v(r) = %m.expecte_d to fall in #, observéd apprb)fimately
constant (!7) . . . . - . . ..
.- .,.‘ = need of a halo with M(r) a-r -
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Need of dark matter (DM)

Smce 1933 and Bcky 'observatlons we accumulated evidenées’for LY eX|stence

. .
* Galaxy sc rotation cutves of galaxues ‘. * ‘

Galaxy clusters scale : example of the bullet cluster : 5% - g

2 o
. .
r ..
b ;
o 3 .
. L e bl »
A direct!mpmcal proof df the existence of* dark matter D. Me dt'al., Astrophys J. 648 L109- L113~ 2006
° Jiwiz v i _ S . i . -

? .
s L
Study aefyX-rays.and gravitational lensing effect of this cluster: discrepancy between
baryoni¢ matter and gravitational potential - -
. 5 4 = B .
e = non!legligible non-colliding component of clusters

. ' .
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Need of dark matter (DM)

.Smce 1933 and ycky 'observatlons we accumulated evldenc’es for DM existence :
-
* Galaxy scal®: rotatlon cutves of galaxnes . - . g
* Galaxy clusters scale : example of the bullet cluster . s

. Cosmological scale : the Cosmic Microwave background (CMB) . R

°
.0 : s . ’
To matth a Cosmologlcal model with the CMB power sgectrum ..
.- = Qbh = 0.0226 + 0.0005 and QDM = 0 1123 i 0.0035 )
. R e 4
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Need of dark matter (DM)

.Smce 1933 and 3‘cky ’observatlons we accumulated evidenc’es for DM eX|stence T
’ Galaxy scal®: rotation curves gf galaxues k" i N 3 B
* Galaxy clusters scale : example of the bullet cluster Mg BT
*. Cosmological scale : the Cosmic Microwave background (CMB) ! .
* Large scale structures, ... g . . ¥ w8
- ) L >
. " 75% Eugacy 21% ik, ! d ) et .
. = g i .
. . 3
B % Moen E e .
s ’ ey
B e :,
- o '. N " ' . "o =i . ' ) ) * ’o
. DM has to be_stable and weakly charged under the standard;model®, gaug%group
(otherW|se we should have seen lt) o h . )
O . .
Conservatlon of DM structures = Warm vs. cold DM % = .. ‘. i
. -here. we choose CDM
. Jonathan Da Silva (LAPTh) Higgs and DM in the UMSSM August 30, 2012 8 /.8
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Need of supersymmetry

o o" I:lierarchy.blé?n . o ° I ., & . Iy

No symmetry prot‘écts higgs mass : i v .

- M TR I B
H @Hc - . A = Au '+'. I .'
" . ) - , e ol o I o 2 °
of H ¢ &\ J ; ,'- i - -
PP o . .
Supe‘symmetry, sy?nmetzyobetween fermlﬁls and bosons (thank's to Pomcare group* -
extensmn) plays this rdle by addmg one-loop corrections : :

. E .
» S “ A F N St S R
o : ,\\.' - l.,'-"' i Y’

- e li /. 4 .- S . N i 2 ' : “$
: al oo b o . Amalelzﬂzl\er.... - B

H H ‘ S > E

@ . \ 8 . . . '
B - ..'.’

*. & Cancellation of quadratic divergence
. S * .

Jonathan Da Silva (LAPTh) Higgs and DM in the UMSSM August 30, 2012 8/8



BACKUP

Need of supersymmetry

. ot Hierarchbeléh% v . o : By
: b

. * Gauge coupling unification  *- ' B R

.. [ bosons |
e " Riermions s .

= élyiersymr_netry allows unification at GUT scale
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Need of supersymmetry

. o I;lierarchy’blem '» s ° . - s ) .'
©* Gauge coupling umflcahon i ) g 2 0wl ¥ o
* LSP/DM - TR : . .

No supersymmetrlc partlcles seen at ‘the same mass as their standard partners

:> supersymmetry is J:quen 'new partlcles (at 1east) atyTeV scale - | o
g 2 "‘» 1 4 ’-.v "‘.". '
Supersymmetrlc terms,ﬁve us, proton ggcay . ) e .
nP.ed of R- Pant’ to forbld them PR = ®1)3(B- L)+2s X ..’
= Result ther Ilghtest s,upersxmmetrlc particle (LSP) is stable y .
] “ . »n* ~
« . This LSP,. stable; ‘at, fl.'éV scale, gan be.weakly charged under the SM gauge group
2 . i ..
o .. T g .8 . ¢
K .

=DM candi;l_ates in supers’ym?netric modets
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