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Higgs signal strengths
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in order to construct an approximation to the Higgs likelihood, one can:
i) fit a 2D Gaussian using the 68% CL contour for each final state
ii) combine the measurements from ATLAS and CMS final state by final state
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include all results up to
the LHCP 2013 conference
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validation with ATLAS and CMS

validation with benchmark scenarios of the ATLAS and CMS couplings fits
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invisible decays of the Higgs boson

includes ATLAS results for ZH— ll+invisible

____________________ /____;/ SM+invisible
4 +, B(

H — inv.) < 0.21 at 95% CL

’ y
S SM+Cu+Cop+(Cv< |)+invisible
TN B(H — inv.) < 0.31 at 95% CL

A
e \ SM+AC+AC,+invisible

B(H — inv.) < 0.39 at 95% CL

SM+Cy+Cp+(Cv=1)+AC+AC +invisible

0.4 0.6 B(H — inv.) < 0.39 at 95% CL
B(H — undetected)

global fit to the Higgs properties: indirect constraint on H—invisible
(more constraining than direct searches for invisible decays at the moment)
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the p(henomenological) MSSM

| 9-parameter realization of general MSSM
parameters defined at the weak scale, no SUSY breaking prejudices

minimal assumptions:
flavor-diagonal mass matrices, |st and 2nd gen. degenerate, no new CP phases,
R-parity & neutralino LSP

~ =0 30 0\ EWSB ~0 ~0 ~
(B,WO,HQ,HO) — (leX(Z)anvX?L)

L> LSP and dark matter candidate

we scan over: S 1€V = My, My, < 3'1eV; Bayesian analysis using
(flat prior) 0 < Ms,mg,ma <3TeV; Markov Chain Monte Carlo
—T7TeV < A, Ap, Ar < 7TeV; (MCMC) methods
2 < tan /S < 60. p(![D) ! L(D]!) po(!)
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experimental constraints

Observable Constraint Likelihood function
p-j (I) Djprenggs L(Djprenggs “1]_ (! ))
BR(b! s") | (3.43% 0.21%% + 0.23" + 0.07%)" 104 Gaussian
BR(Bs! pp) (2.9+ 0.7+ 0.29") " 10°° Gaussian
R(By,! #9 1.04+ 0.34 Gaussian
"oreLHC": Aa, (26.1+ 8.0 + 10.0M)" 10~*° Gaussian
My 17320+ 0.87 GeV Gaussian
Mp(Mp) 4.197) 52 GeV Two-sided Gaussian
%(Mz) 0.1184+ 0.0007 Gaussian
sparticle LEP 1 if allowed
masses (via micrOMEGAS) O if excluded

+ prompt chargino decay (cT < 10 mm)
+ "hsig": 125 GeV Higgs likelihood + CMS A%, H°—T*T- constraint
+ "DMup": Qprah? < 0.11€ and 90% CL LUX limit

orthogonal to the CMS pMSSM studies (that incl. results from SUSY searches)
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Probability density

results: gg=>h—=YYy
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Probability density

results: gg=>h—=YYy

pMSSM, ct <10 mm

Po(©) p(6 | preHiggs, m )
ffffff p(6 | prmt%7) B g I p;gH:ggg m Rg:g) DMup)
p(BIpreH|g1gs prmty%):MCMC | plolp g9 g, P
p(6 | preHiggs, prmtx 123 <m_< 128) >
C
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‘e ' O
, low Ma | 2
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e e = m = O
S
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u(gg — h —=yy)

SUSY partners are typlcally too heavy to modify the Higgs properties
..so where are the deviations from a SM-like Higgs coming from?
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why is 4 # |

the SM Higgs width is dominated by h—bb (BR=57%)
SUSY correction to the bottom Yukawa coupling:
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Probability density

implications for dark matter

pMSSM, ct <10 mm
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the LSP constitute only a fraction
of the observed relic density
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Probability density

implications for heavier Higgses
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light neutralino dark matter

light neutralino dark matter motivated by:
+ having a light SUSY spectrum

+ hints from direct detection ~ 10 GeV «~.__
(...and maybe from indirect detection)

+ easy-to-exclude region
* no resonance under Mz/2 = 45 GeV
* no co-annihilation under ~ 100 GeV

(counterexample:

DIS 2014 @ WVarsaw
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light neutralino dark matter
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light neutralino dark matter motivated by:

+ having a light SUSY spectrum fiat lux
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(...and maybe from indirect detection)
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+ easy-to-exclude region

* no resonance under Mz/2 = 45 GeV T 10
* no co-annihilation under ~ 100 GeV >
(counterexample: ) = 10-43

5 6

DIS 2014 @ Warsaw Béranger Dumont

CDMS I Si

CRESST

.....
~aol
-~

~u
________
............

~
~

 \XENONI00 ™. |

7 8 910 15 20 30 40 5

WIMP Mass [GeV/c?]

April 30,2014

[
-

0

| 10—4

—
o
dn

o
i
AN

[
-
s

WIMP-nucleon cross section [pb]

3

12



viable light neutralino dark matter

~

. . iy 1 r7 0
nature of the lightest neutralino? B W Hg H,
* pure wino or higgsino dark matter? M, 0 —cgswmz  Sgswmyz
— excluded by chargino searches at LEP 0 M, cgewmz  —SpCw mz
* pure bino dark matter? —CgSWw Mz  CgCw Mz 0 —p
— the relic density is too large SpSw Mz —SgCw Mz —H 0

solution: mainly bino (M| « May,) with some wino/higgsino admixture (U and/or M2 = 200 GeV)

other SUSY particles!?

* gluino and squarks: constrained by LEP and LHC searches to be heavy = no influence on DM

* other Higgses: little influence expected on DM (constraints on A, H°—T*T- at the LHC)
* sleptons: ~100 GeV is allowed, contributions from staus to DM annihilation can be large

light sleptons are required for light neutralino DM

X1 | f o xi 7 Fox LI A 7
7 I
: f f
X3 - Iy X5
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http://arxiv.org/find/hep-ph/1/au:+Belanger_G/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Boehm_C/0/1/0/all/0/1

viable light neutralino dark matter

stau-mediated annihilation

bino annihi. higgsino annihi. bino-higgsino annihi.
~0/ B —_~ ~0/ 5
B) TR(L) Xi(Ha) TL(R) X1(B) TR(L)
(42) \_ty g'(q'/2)
+ TR(L) + TR(L) + TR(L)
q'(g'/2) —Z tan [3 “~ tan [3
X3 (B) TR(L) X3 (Ha) TL(R) XY (Hy) TL(R)

RH stau annihilation is much more efficient, also higgsino enhancement (low U, high tan )

collider constraints on electroweakinos

* rather light charginos: need to check the LEP and LHC constraints
* invisible Z decays, invisible Higgs decays (LEP and LHC limits, resp.)
e light neutralino 2 = LEP limit on o(ete™ — ¥ox})

sleptons and staus: direct searches at LEP and at the LHC
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setup of the analysis

pMSSM framework again

M3 =1 TeV
Mg, = 750 GeV heavy Ist and 2nd generation squarks
My, = Mp, = Mg, = 2 TeV moderately heavy gluino, stop and sbottom
Ay, =10
tan 3 5, 50] My, 70, 500]

M 4 (100, 1000] | Mg, 70, 500 variations in the

M, 10, 70] A [—1000, 1000] Higgs, electroweak and leptonic sectors
Mo (100, 1000] | My, 1100, 500] A 4 . ) 1955 GaV

10 100, 1000] | Mg, 100, 500] ¢ tuned in order to have my = |25.5 Ge

(all masses in GeV)

we perform flat random scans within micrOMEGAS 3.1, using SuSpect 2.4

DIS 2014 @ Warsaw Béranger Dumont April 30,2014
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experimental constraints

we impose experimental constraints in the following order:

LEP limits Mgt > 100 GeV
mz, > 84 — 88 GeV (depending on myo)
o(efe” = X5 5X7 = 2 (= q@)x?) £ 0.05 pb
invisible Z decay L'z 3050 <3 MeV
{4 magnetic moment Aa, < 4.5 x107°
flavor constraints BR(b — s7) € [3.03,4.07] x 10~
BR(B, — pTp~) € [1.5,4.3] x 1077
Higgs mass mpo € [122.5,128.5] GeV
A% HY — 717~ CMS results for £ =17 b1, my'#* scenario
Higgs couplings ATLAS, CMS and Tevatron global fit
relic density Qh? < 0.131 or
direct detection XENON100 upper limit
indirect detection | Fermi-LAT bound on gamma rays from dSphs
PP — X5 XI—L Simplified Models Spectra approach
pp — 00
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LHC searches — implementation

decomposition of a pMSSM point into simplified models, then compare to the limits on (0XBR)
using SmodelS

direct RH selectron/smuon production chargino-neutralino = WZ + MET
CMS Preliminary (s=8TeV,L =9.21fb"
;‘ _l I L I | L L l | L I L I | L L I L | p— . — l —r—r—r— N int ——r—r— _
S .. [ ATLAS Preliminary R0z 1 > [ pp—=RF 95% C.L. CLs NLO Exclusions | -
= 250 |— — O - X, . treory |
e | p . O] mmmm Observed 2/2j 431 = 10
ta - | Ldt=20.31b , \s=8 TeV . = 200+ % — Z% “uuvy Expecteded 2/2j+3] = 1o —|
E [ === Observed limit (+1 635" ) N — - Observed 3/ only :
200 — ----- Expected limit (+ o) — g o Wio - - - Observed 2/2j only 15— 103
B LEP [ excluded 7 - 1 ! 1 3
[ Alllimits at 95% CL i 150 N -
sol- /S still room above _ e i
- &7 § [ gl PREl -
i ;/\f\/ 20 GeV i 100__ : i
L &/ _ R 4 : 4 -
100 =/ — i o
Z ™ ] S50 Sl 1 2
[ LAY AR Y il - - 1 =10
- //’ y \‘7:’: — - E - -
) =gy i ] : =
& ( ;- -1 9 PRI W N TR WO SR TR [ L LD N T
ol N . 00 150 200 250 300 350 400
[ 7y _ m..=m. [GeV]
[ co b LA e L X1 X2
100/ 150 200 250 300 350

~

m() [GeV] : black line overestimates the limit

. . -0 ~+ . .
“hidden” assumption: X(Q), X1 wino-like
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LHC searches — implementation

14
there are no limits on direct stau production at the LHC 0 (
. . . . P2 X2 T A /
but one has to consider intermediate stau decays from EWinos R
el | ~ _ 30
p1 i ..5...< =
CMS Preliminary s=8TeV,L =9.2fb" X1 /
;‘ _“"l“o“'l‘"I“'I"‘I'__5104"5'
o 250 pp—% % 95% C.L. CLs NLO Exclusions —| = =, v
2J - %, =, m— Observed 3 = 10" | g
g 200, L Expected 3l = 16" | | 43 O
- ] - £ also ATLAS results on 2T+MET
1501 Bl = but the only interpretation
- - Q_ . .
: 1 available is for LH staus
100 1 4100 5
[ T i _
a4 5 1 - O
S0/ 7 PN
| 1= 10 8
b e 1 2 R EL |EES
900 150 200 250 300 350
m; = 0.5m_. +0.5m., M-=Mo [GeV]
%, %, 1 2

| E this assumption is problematic — we would need other values of the stau mass
we extrapolate the limit for other stau masses from a similar measurement
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relic density and direct detection

100
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0

* upper bound on the relic density — lower bound on the neutralino mass of ~15 GeV

not possible to have 8-10 GeV dark matter in this context

* direct detection could soon exclude completely the low-mass region (up to 25 GeV)
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charginos and staus

50—6OIGeV LSP

1000 1000
o0 & 35-50 GeV LSP  ggg |-
% S
600 - 3 600 |
2 &
T 400 - ~ 400 -
3 =
200 - 500 |
| ————25-35 GeV LSP -
0 ' | 0 | | | |
50 100 150 2002sQ 300 350 400 0 200 400 600 800 1000
%, (GeV) 15-25 GeV LSP 1 (GeV)

* light region only possible for very light charginos (= 200 GeV) and staus (= 100 GeV)
this is relaxed for higher masses, especially above 35 GeV (Z resonance)

* lightest chargino and neutralino 2 are mostly higgsino-like (and not excluded by direct searches)
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invisible Higgs decays

0.3 |
0.25 - n i
0.2 n
= | |

1(9g,vy)

* the Higgs boson couples to a mixture of higgsino and gaugino
— limit on the higgsino fraction fy from Higgs measurements

* as expected, anticorrelation between HP(gg—>h—YY) and BRiny
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invisible Higgs decays

0.3 |
0.25 - n i
0.2 n
= | |

1(9g,vy)

* the Higgs boson couples to a mixture of higgsino and gaugino
— limit on the higgsino fraction fy from Higgs measurements

* as expected, anticorrelation between HP(gg—>h—YY) and BRiny
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Higgs signal strengths

1.6 L I [ 1.8 T I I I
1.4 1.6 - - |
T L T 14 ’ light, maximally mixed staus
5 E‘ 12 (see [Carena et al., arXiv:1205.5842])
2 1 .
=1 2 1 in this case Y = 400 GeV
0.8 =18 0.8 W and light selectrons/smuons
0.6 0.6
80 100 120 140 160 180 200 80 100 120 140 160 180 200
T (GeV) Mz, (GeV)
1.6 , , | : 1.6 —— | high U (no BRiny)
Lal o ] v : and low Ma, high tan f3
= 12 T 12 gnpy = sin(fB — «) — tan B cos(fB — «)
> )
> 1L 2
= 3
0.8 - - 0.8 .
i ; — promising way to probe
0.6 l | l | 06 | | | | | . o .
06 07 o8 oo 1 11 07 08 00 1 11 1. 13 light neutralino scenarios
u(gg,22) u(VH,bb)
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conclusion

+ in the pMSSM,; significant deviations of the Higgs couplings are possible and are already
constrained by the LHC results

+ low-mass neutralino (~ 15-35 GeV) can be accommodated with light staus and/or charginos
but is under pressure by direct detection and the LHC SUSY searches

+ possible to go beyond the Gaussian approximation for Higgs results: full likelihood in the
(MggF+teH, MvBr+vH) plane is given in several final states by ATLAS and CMS

+ this is taken into account in Lilith: a new, friendly-user tool
for constraining BSM scenarios from Higgs measurements—stay tuned!
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invisible decays of the Higgs boson

< — ! T T T T T I : . : .
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" and on VBF—invisible
“and the combination

DIS 2014 @ Warsaw Béranger Dumont April 30,2014 25



Probability density

prompt chargino decay

prompt chargino decay (¢T < |0 mm):
strong impact on M>
do not change main conclusions

PMSSM, no c! cut

preHiggs, m)
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Probability density

Probability density

MasSes

pMSSM, ct <10 mm
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viable light neutralino dark matter
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indirect detection

[Fermi-LAT, [Fermi-LAT,
arXiv:1108.3546] arXiv:1310.0828]
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* update of the Fermi-LAT analysis on dwarf spheroidal galaxies: weaker limit
(excess mainly driven by ultra-faint dwarf galaxies)
— no tension with indirect detection in the low-mass region

* in the bb channel the prediction is still two orders of magnitude below the experimental limit
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