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126 GeV Higgs-like Boson found at the LHC! %S..!I

B Supersymmetry predicts Higgs < 130 GeV

B SUSY provides several Higgs bosons dependent on the model

H,, H, H;, A, A,, Ht
NMSSM

® Problem I: Which Higgs boson has been found?

® Problem lI: What do we know about the heavier/lighter Higgs
bosons?
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Why going to the NMSSM? éﬂ!

2 MSSM (- Loop corrections X, =m,(A — ucot j)
r 2\
3 mi|, mi X2 X /?
m? ~ m5 cos’ 2/ + ——LlIn—L+ = 1-—L
S |(4z) v m; mZ{  12m?
<(130Gev ) <m; Q J
m71[GeV]
1000 2000 3000 4000
135 . . ‘ :
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® NMSSM: Mixing with singlet 130 |
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Status of NMSSM §$LI

® Many papers on NMSSM after M,=126 GeV and hint of non SM BR,

see arXiv: 1306.1291, arXiv:1304.5437, arXiv:1301.6437, arXiv:1301.1325,
arXiv:1301.0453, arXiv:1212.5243, arXiv:1211.5074, arXiv:1211.1693,
arXiv:1211.0875, arXiv:1209.5984, arXiv:1209.2115, arXiv:1208.2555,
arXiv:1207.1545, arXiv:1206.6806, arXiv:1206.1470, arXiv:1205.2486,
arXiv:1205.1683, arXiv:1203.5048, arXiv:1203.3446, arXiv:1202.5821,
arXiv:1201.2671, arXiv:1201.0982, arXiv:1112.3548, arXiv:1111.4952,
arXiv:1109.1735, arXiv:1108.0595, arXiv:1106.1599, arXiv:1105.4191,
arXiv:1104.1754, arXiv:1101.1137, arXiv:1012.4490, ...........

Differences to other analysis comparing MSSM and NMSSM e.g.
® Comparison without GUT scale relations Cao,Heng,Yeng et al.
arXiv:1202.5821

® More tight GUT scale relations in Higgs sector Kowalska, Munir,
Roszkowski et al. arXiv:1211.1693
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NMSSM versus MSSM
® NMSSM has one additional singlet

H, = Sl,de +Sl,uHu +SLSS
H, = Sz,de +SZ,uHu "'Sz,sS
Nmssm [Hs =S Hy + S5 H +5;S

MSSM

SXIT

Warlnuther bosiitul il Tiechnologle

Wy = ASH, - H, +§SA3+...

® Pros of NMSSM
v" Increase light Higgs mass

MSSM NMSSM
2 CP even | 3CPeven
1 CP odd 2 CP odd

v" Modified couplings to up-/down-type fermions (if R _=1)
v’ Solves p-Problem (Kim, Nilles Phys. Lett. B 138, 150 (1984))

® Cons

x More free parameters: couplings A, k¥

trilinear couplings A, A,
mixing parameter ¢ = A<S>

(in addition to mg, my,,, Ag, tanP) NMssM review:Ellwanger, Phys.Rept. 496 (2010)1
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BMP | (H,=126 GeV, H; mass below 0.5 TeV) é.s,!l

m, for 126 GeV Higgs e
450 8 05, |
400 g .
350 | 5
% 300 | 2 05
o) 2505 . :
T 200 - 240 280 320 360 400
£ 150 & m, [GeV]
100 | : Singlet component
)ﬂ/; ] of H, is minimal for
1 — ‘ m,~320
126 GeV 240 280 320 360 400 A
m, [GeV]
~ — Higgses mix as a

—

m, range for positive Higgs mass m,2  function of m,
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Masses for scalar Higgs Bosons in NMSSM %ﬂl

® 3x3 Higgs mass matrix
‘ M, = @ (m% — Mv*) sin® 2, ‘ ~H3
M%Q = — (TTLQZ — AQ’UQ) Siﬂ4,8, A[Q — H:S)

2 B
1 260% )
My = —5(M3sin23+ '1“ )M”coszﬁ,
Mi, = mycos® 28+ Nv*sin? 26, | ~H2
T MsmZp., Kk .
/\/@3 = 22w [1—( ” )Q—ﬁsm% ,

1 Mysin26., & dkp, 1 ,
Mz, = i)\QvQ( . )2+T)—§AH3’028H’125,
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BMP Il (H,=126 GeV, H; mass around 1 TeV) §.$.E

1200 [ MZ,ocM; oc A
1000 - High values of A,
S 800 | ] can give high values
[(}} ' :
O, 600 ] for H; mass
E:I: : i
400 1
| : H,/H, both ~ 126 GeV, by
00 ____H2 : _____——— changing parameters —
1 S SRR shift in masses — lightest
850 900 950 1000 1050 1100 1150 nggS H1 = 126 GeV
m, [GeV]
Input m miso Ao tanf Ay Ay KSUSY ASUSY [

MSSM | 25002375 -4999  48.11 - . .
BMP 1 | 2400 550 -976  2.69 -848 038 0.65
BMP II | 2450 550  -1840 4.18 2549 012 0.68
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Different signatures for MSSM and NMSSM éﬂ!

® H, decays preferentially into Higgses and gauginos

Branching Ratios [%]
A/I/ISHUHd T .. H1 | MSSM NMSSM (BMP 1)
h A H, Ho Ay Az
H \ Mass [GeV] | 126 2256 256 86 126 336 Y214 325
3 bb 67.6  85.2 85.2 906 63.6 3.0 0.2 1.9
WHWw— 17.7 1.7e-5 - 6.5e-7 19.6 0.2 -
TT . .6 8.8 6.5 0.4
H2 - ‘ N
A H,q
B LSP is mixture of i
higgsino and singlino %
0 X1 X1
1 Oprod [pb
H, : :
Double Higgs production
07,0 negligible in MSSM, but Invisible
X 2 919 ’ decay for

strong in NMSSM because A1
of triple Higgs coupling
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BRs for heavy H; mass — more decay channels (tf)

 XKIT
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® Smaller BR for double Higgs production for higher values of H3

Mass

® High masses will require high luminosity

| NMSSM (BMP 11) |

1

Mass [GeV] | 103 126 1001 1001

bb 905 619 909

# @ 104

TT 9 1

WHTW-— 1.2e-4 2() 6 1.7e-4 -

XY - - 10.7 - 11.8

xXIx3 - - 5.1 - 6.3

X1 X1 - - 32 - 5.9

AyH, - - - 135

ZH, . . - 136

Ay Hy - - - - 0.3

ZH, . . - - 8led
I

Oproa [pD] | 0.33 19.3 (1.60-3) 0.13 1.9¢3 |
——

Conny Beskidt, IEKP
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Multistep fitting approach §.S..!I

® Consider not only BMPs but scan whole my-m,,, plane
® Fit to accelerator and cosmological data (see list in backup)
® Use NMSSM with 9 free GUT/SUSY scale parameter

(GUT scale parameter implies including complete rad. corr. between GUT and
SUSY scale via RGEs, incl. fixed point solutions (forbids max. mixing in stop
sector, so requires large values of stop masses)

® Challenging to deal with so many free parameters — multistep
fitting technique: Fit the strongly correlated parameters first for
fixed other parameters

® In the NMSSM case: start minimizing A,k and tanf} — study
influence on the lightest Higgs mass

® (assuming first m,,=126 GeV)

B For more details see CB et al., EPJ C
B Used Software NMSSMTools3.2.4, Ulrich Ellwanger, John F. Gunion, Cyril Hugonie

MicrOMEGAs2.4.1 G. Bélanger, F. Boudjema, P. Brun, A. Pukhov, S. Rosier-Lees, P. Salati, A. Semenov

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 "



Combination of all constraints - What does  ~JT
this mean for my-m,,, plane? arxiv:1308.1333

Best Fit Point requiring 3.1 TeV stop mass

3000 [ 3000

2500 | 2500 |
> 2000 | S 2000 |
Q i s !
S, ! o [
o 1500 g "~ 1500 |
E 1000 |~ € 1000 |

500 | 500 |

S00 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
mg [GeV] m, [GeV]

Within the MSSM the excluded region is Within the NMSSM the excluded
dominated by Higgs mass (126 £ 2) GeV  region is dominated by LHC limit

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 12



What does this mean for squark and gluino ﬂ("'

Karlsruher insthiurl e Technologle

mnnnnn’)
IMHidootCo I

3500 3500 """"""""""""""""""""
3000 3000

S’ 2500 excluded S’ 2500

g MSSM 3

= 2000 — 2000

lteg o

E 1500 E 1500 IIIIIIIIIIIIIIIIIIIIIIIII
1000 1000
500 |||:||| 500 . ..............................

500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
my [GeV] mg [GeV]

) excluded within ¢

excluded within
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SXIT

Limits on heavier/lighter Higgses e ot

® m,,~A, butformy, <60 GeV 7’y  —ZH,/HH,
kinematically allowed — Neutralino annihilation XS 1
relic density |

® Lower limit on m,, because of relic density constraint
(assuming all relic density from neutralinos)

® my;~ A, — No upper limit on H; mass
@ Lower limit for H; because of limit on p (chargino limit)

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 "



Summary arxiv:1308.1333 §$.!I
B 126 GeV Higgs within the MSSM only possible for large
SUSY masses

® Within the NMSSM one can get a 126 GeV Higgs for light
SUSY masses because of the mixing with the additional
Higgs singlet

® Excluded region is dominated by

® my, allows H;—H, H, (two Higgs bosons in ONE event!)
® Hj, Aj—y;y; (invisible Higgs decays)
® Lower limit on my, because of relic density constraint

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 b
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BACKUP
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126 GeV Higgs within NMSSM = couplings? SKIT

Karlsruher insthiurl e Technologle

B 126 GeV allows large range of A and «

W LSP is typically higgsino, so annihilation cross section
(oc1/Q) restricts couplings!

0.6
0.5
0.4
0.3

0.2
0.1

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.1 0.2 0.3 04 05 0.6 0.7 0.8
A A

yx?*-distribution for M,=125 GeV x2-distribution for M,=125 GeV
and relic density Qh? constraint
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Comparison of CMSSM — NMSSM: éﬂ!
Optimized tanf values

m,,, [GeV]

1000 7 1000 FF 0
800 | 500 || |
I 1Fr1 6 -
1B E
B - 4
600 600 '
i : 2
400 & L H 400 _ L R el o | [ 1. | 0
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
m [GeV] m, [GeV]
High values (except for Small values of tanf are
coannihilation region) of preferred to get the 126 GeV
tanB needed to fulfill relic Higgs for light SUSY
density constraint masses.

— Fulfills B-physics constraints

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 18
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Lower limit on m,, mass

® m,,~ A_, but one cannot choose any arbitrary value for A_
because of radiative corrections from RGEs
B A, at SUSY scale — same range

~0~0
~0>0 X = AA
XX — ZH /
50 : [ 120 ~0 ~0| """ AR |' 0.12
~ : (GUT) =-500 —— - —>HH, _ -~ H
> A’tGUT)_-woo - 100 (A1 41 7 ’ 1[5 01
O 50 [ A; (GUT) = -1500 —— : S / 1t o0.08
| ‘ ] N
51 | | S | Bl
0 -150 ¢ ] g 40 [ 1 0.04
<200 / ] 20 {7 I 0.02
20— 0 - .I ..... i in oo [ aer oy |z : 0
-3000  -2000  -1000 0 -300 -240 -180 -120 -60 O
A, (GUT) [GeV] A (SUSY) [GeV]

B Lower limit on m,, because of relic density constraint

Conny Beskidt, IEKP
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CMSSM — NMSSM: Wimp-Nucleon XS ﬂ(".

wuther nsiftud il Technokogle

Excluded XENON100 ——
i WIMP =

L 1 Mixing of
\ S
— Singlino
and
Higgsino

100 1000
mw|Mp [GeV]

fe-42 T XENON100 — fe-42
Excluded

1e-43 ¢ 5 1e-43 P

te-dd | IWIMP teaa |
(basically & |
B Bino o

1e-46 - 1 1e-46 +

1e-47 + 1e-47 £

R 100 1000 e

Expected sensitivity of LHC-14TeV and Xenon1T

1e-43 o

1e-44 ¢
Tt e LHC allowed
$ teds | e LHC excluded

1e-47 ¢

1e-48 -

10 100 1000
Myp [GeV]

Conny Beskidt, IEKP

1e-43 .
) EXCIUdﬁgl XENONTT wer
L ]
L ]
1e-44 “ |
1]
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A ) ”
ba Te-46 | ‘.""".“ ................... : i
1e-47 | T
[
]
[ ]
1e-48 ,
° 100 1000
Myimp [GeV]
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Comparison of CMSSM - NMSSM: BR(B,—pp) AT

Karlsruher insthiurl e Technologle

1000 F I T T T T T T T T 1000-'"'lr'"I'-"|1"'|""|""+I59'09
I P 4 4.5e-09
< 800 = = 800 .
[+}] 'R )]
O, Tm S, 1 4e-09
= o =
£ 600 @ £ 600 -
& i {t4 3.5¢-09
400 & 400 .......|....|....|....|....1-33_09
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
mg [GeV] mg [GeV]

BR(B.—up) ~ tan® — Fulfilled within the NMSSM because of small tanf3
Large excluded region within the CMSSM

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 21
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Influence of g-2 ﬂ(".

Karlsruher insthiurl e Technologle

Preferred region by g-2 for g-2 gives light preference for

quadratic and linear addition of the light SUSY masses but light

errors / SUSY Massen are already
Mmooy

excluded by the LHC direct
searches — errors
underestimated or additional
loop corrections

preferred SUSY‘ z13 10 -10 (1OOGGV] tanIB

my [GeV]

by g-2 excluded at 95% CL

mSUSY

500 1000 1500 2000 2500 3000
m, [GeV]

2
Deviation compared to SM 2-3c: ;(2 = (Ej ~ 5 for heavy mg; gy
o

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 2



Mass range for m;

SXIT

Karlsruher insthiurl e Technologle

® mys: linear dependence on A, and p

2600

tanbe 2.9 ——
tanbe 2.5
2400 ¢ tanbe 4

2200
2000

1800 |

my3 [GeV]

1600 [
1400 |

1200 |

1000 ——

'''''

u [GeV] at SUSY scale

200 300 400 500 600 700 800 900 1000

Mstop [GeV]

1150

1100 | talwl
1050

1000 |
950
900
850 |
800 |
750 |
700 £

650 !

' tanbe 2.9 ——

nbe 4

200 30

0 400 500 600 700 800 900 1000
u [GeV] at SUSY scale

® For strong deviations between A, and A,/A_ one can get

masses up to 1TeV

Conny Beskidt, IEKP
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Other constraints (in addition to m;,=126 GeV) ﬁgﬂ

® Define x?-function to find the allowed parameter space

B Relic density Qh2=0.1131 £ 0.0034

% Bty BRexP(B—1v) = (1.68 £ 0.31)-10
® Myon g-2 Aa,=(30.2+6.3+£6.1) 10"

W b osy BRexP(b—sy) = (3.55 + 0.24)-104
8 B—up BReXP(B,—pup) = (3.2 £ 1.2)-10°
® | HC direct searches Ghag < 0.001 - 0.03 pb

® XENON100 o,n<1.8:10% -6-10* cm?

® Pseudo-scalar Higgs m, m, > 510 GeV fur tan3 ~ 50

For more details see CB et al., EPJ C

Used Software
MicrOMEGAs2.4.1 G. Bélanger, F. Boudjema, P. Brun, A. Pukhov, S. Rosier-Lees, P. Salati, A. Semenov

NMSSMTools3.2.4, Ulrich Ellwanger, John F. Gunion, Cyril Hugonie

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 24



126 GeV Higgs within NMSSM %ﬂ!

B 126 GeV Higgs within NMSSM for small SUSY masses possible for
many different combinations of A and «

® Combined with relic density constraints possible Ak solution

0.35 0.35

0.3 0.3
¥ 0.25 ¥ 0.25
0.2 0.2
0.15 0.15
0.45 0.5 0.55 0.6 0.65 0.45 0.5 0.55 0.6 0.65
A A
y2-distribution for M,=125 GeV y2-distribution for M,=125 GeV

and Qh2 constraint

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 28



125 GeV Higgs within the CMSSM ﬂ(".

Karlsruher insthiurl e Technologle

B A 125 GeV light Higgs is possible within the CMSSM if the SUSY
masses are heavy enough and if the trilinear coupling A, is negative

® The allowed parameter space is largely determined by the assigned
error — strong dependence on the theoretical error

W Exp. ~2GeV, theo. ~ 3GeV, non-Gaussian — lin. addition — 5GeV

(AX2=599) 95% C.L. contour H|ggs mass contours
3000 T T T T T T T T T

3000

'
&
2500 2500 |
125
%‘ 2000 | = 2000 | 123
S. S 221
o 1500 o 1500 F 7 B
1000 o f “" ¥ ‘“ R R 1000 | .; ‘\\‘i‘&“\\_..\“ 1 1 9 ™
500 500 |
III506 | iOObII i500ll éOObII 5506 | 5000 500 1000 1500 2000 2500 3000
mg [GeV] my [GeV]

best fit points for different errors
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Benchmark points in NMSSM

® Analyses have been done e.g. Ellwanger, Hugonie

E.g. Benchmark points from Ellwanger, Hugonie, arXiv:1203.5048

SXIT

Warlnuther bosiitul il Tiechnologle

(arXiv:1203.5048 using GUT scale parameters), Muhlleitner et

al. (arXiv:1201.2671 using low energy values of parameters)

® Benchmark points fulfill Higgs mass and couplings, but one
needs very specific singlet mixing to obtain simultaneously
my=125 GeV, large branching into yy, small branching into tt

Input at

IVIGUT

Conny Beskidt, IEKP

BM |

BM I

| | | .|
@!; ‘ LLET ‘ Ao ‘ EK Ail tanf | A K | Heft
600 | 600 |-1550 | -275 | -625 | 2.40 | 0.545 | 0.253 | 120
960 | 525 |-1140 | -360 | -575 | 2.29 | 0.600 | 0.321 | 122

SUSY 2013, ICTP Trieste, 29.08.2013

Input at

IVISUSY
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Typical Higgs masses and couplings §$LI

Lightest Higgs H, Second lightest Higgs H,
BMI I BMI I
M., 100 |121 My, 126 | 126
Components of H, Components of H,
Hy 0.39 | 0.50 Hy 0.26 | 0.04
H, 0.34 |0.74 H, 0.85 | -0.54
S '_'_'Io.86 045 | S '_'_'I-o.45 o84 ]

Strong mixing with singlet — R can be enchanced

It is possible that 126 GeV is not the lightest Higgs

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 28
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Fit to SM couplings (scale factors) e
w 2.0
© CMS Preliminary
1.8) s-7Tev.L=-5.1 fb:: C: = scale factor for
1.6] Vs=8TeV.L=531b coupling to fermions
1.4
C, = scale factor for
1.2 coupling to vector
1.0 bosons
0.8 Best fit point:
0.6 6 C-=05 C,=1.0
0.4 4
SM: C.=C, =1
0.2 2
0'8.0 0.5 1.0 1.5 0

(CMS-PAS-HIG-12-020) Cv

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 2
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Details on x2-function e o
® Relic Density )] Experimental Values
% B ~ Defined in a straight forward way:
® Myon g-2 (X X
B b_s ZZ _ SUSY ~— “Nexp
Y » 2
R B.—puu BReXP(B,—up) < 4.5-10°
® Higgs Mass m, m, > 114.4 GeV
B | HC direct searches Ohag < 0.003 - 0.03 pb
| DDMS O,n < 8:10% - 2:10-% cm?

® Pseudo-scalar Higgs m, m, > 480 GeV for tanf3 ~ 50

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 %0
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Details on x2-function? e o

Relic Density
B —1v

Myon g-2

b —sy

Bs—uu
Higgs Mass m,

B |LHC direct searches

DDMS

_

Qh?2=0.1131 £ 0.0034
BRex*(B—T1v) = (1.68 £ 0.31)-104
Aa =(30.2+6.3+6.1) 1011
BRexP(b—sy) = (3.55 + 0.24)-104

95% CL

only added if Xg sy > Xgs9,

Xsysy = model value of BR(B,—puu) or m;,

Xg59, CAN be determined from requirement
Ax?=5.99 at 95% CL exclusion limit

Opag < 0.003 — 0.03 pb
O,n < 8:10% - 2:10-% cm?

B Pseudo-scalar Higgs m, m, > 480 GeV for tan3 ~ 50

Conny Beskidt, IEKP
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Details on x2-function? e o
B Relic Density Qh2=0.1131 £ 0.0034
| B o1V BReP(B—Tv) = (1.68 £ 0.31)-10
| Myon g-2 Aa =(30.2+6.3+6.1) 10"
| b sy BR&®(b—sy) = (3.55 £ 0.24)-104
| B —up 95% CL exclusion contours
® Higgs Mass m,, Define x*=(Xsysy - X95%)2/095%2_ Xsusy
= model value of m, or hadronic cross
section or XN elastic scattering cross
— section Ogs0, CaN
® LHC direct searches be determined from 10 band given by
® DDMS > experiments Xgs0,
® Pseudo-scalar Higgs m, determined from requirement
7

Ax?=5.99 at 95% CL exclusion contour

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 %
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Typical Sparticle masses and LSP mixing (NMSSM)

Conny Beskidt, IEKP

SUSY 2013, ICTP Trieste, 29.08.2013

BMI I BMI

Sparticle masses Components of y,

m; 1388 | 1254 B 0.20 | 0.25
m; 1318 | 1397 W -0.16 | -0.20
m- 359 |463 H ; 0.48 | 0.52
m; 1001 | 1060 H -0.70 | -0.70
m. 528 |900 S 0.46 | 0.37
m . 108 | 108 Oh? 0.10 {0.10
m, 77 78
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Start with Relic Density Constraint ﬂ(".

Karlsruher insthiurl e Technologle

Problem: for excluded m; first diagram too small. Last diagram also
small — can get correct relic density by m, s-channel annihilation

y X f
X r X\ f
Y > >—\~< \\r"'“r \\Hf
A Y4
i/,/\.\F ) , f /,11 /'/l'\x
X f
1000— V4 £ 100
8005 3 sk ...im(A) 743
= L P wf  1jtanB=50 tan 3
Wt e tanp = 50 F SR <0v> oc—
wf =>m, oc2m_ ocm,,
of. | e X
2000 600 800

m, in GeV mA. in GeV

m, can be tuned with tanf for any m,, — tanf3 = 50 (see next slide)

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 4



Relic Density Constraint — Dependence on tanf3 ﬂ(".

mwmw

V

mi =m/ +m? (Tree Level)

m, running oc h,
m,, running oc h

mass in GeV
w
(=]
=
(=]

Fit of th determlnes m, and tanf

1000 f

1000
800 [ 800 |
> - = [
[4}] "
g oo G %00
= 400 «
£ ér 400
200 | 200 |
0! ol
0 500 1000 1500 2000
mg [GeV]

running < 0 — if h, and h, similar
— small m, for tanf= m/m, = 50

500

w— My tanf=10
M, tanp=10
=15 m,tanpf=52
=1s My tanp=52

MMy 2

arXiv:1008.2150 _

500 1000 1500

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013

2000

{ 800

(o) = i i () SO b ]S

1600

1 1200

mp [GEV]

400
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What about Higgs m, limit? §.$.!I

CMS Preliminary 2011 1.1 o

60

1200 | ] 1200
> 1000 N %
4] it 800 &
0 = 800 2
100 150 200 250 300 350 400 450 g 111 600 <
(CMS PAS HIG-11-009) - °°
Atlas similar 200
200 . 5
For tanf3 = 50 500 1000 1500 2000 2500 3000
m, > 440 GeV m, [GeV]
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Examples for high correlation

AT
For given m, only very

For given tanf only very
specific values of tanf

specific values of A,
focus point region x2 for B. — pp and Qh?
............ \ S
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. -~ 'm, exchange - _ g
i | °
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10¢ . | . ] 1000 | 2
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\ m, [GeV] 0
42 43 44 45 46 47 48 49 50
_ . . tanf3
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Origin of correlation: QShZ MU dependent on
tan3
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SXIT

Origin of correlation rorer

2
Upper Limit for By — p exp. Value Qh
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Origin of correlation

Upper Limit for By — pp

exp. Value Qh?
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Reason for strong A, dependence of B, — pp ﬂ(".

Karlsruher insthiurl e Technologle

arXiv:hep-ph/0203069v2

v s 2 * M
(Cs — C%) (Cp — COp) L9 M
(my, + my) (2, + M) Mg,

(Ca —C)

2
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T?Lz

irn,2
2 f] 2 iy
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oo T T L
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el 02" becomessmal, L

/b4 100 _
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Combination of B, — pu and Qh? §.$.!I

1000 F _
Tension at large
800 |- > tanp from
g o | B, — puu can be
. ~. removed by
g 400 large A,
200
0 1 L P [ S TN SR SR T T T S T | 0
0 500 1000 1500
mq [GeV]
Tension can’t be removed by Tension still there although A,
varying A, — because A, < 3m,, large enough to get small BR
A, not high enough to get small
BR
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Why there’s still a tension for large m,? ﬂ(“l
B, —up smaller than SM value,

even at large tanf3 -~
| ) 3.5
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2000 Bs — UM iy ?3 2000
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How to treat theoretical errors? ﬁﬂ!

® Theoretical errors can be treated as nuisance parameters and
integrated over in the probability distribution (=convolution for symm.
distr.)

® |[f errors Gaussian, this corresponds to adding the experimental and
theoretical errors in quadrature

B Assume Oy, ~ Oy, (ONly then important)

Convolution of Gaussian + “flat top Gaussian”
(expected if theory errors indicate a range)

. 0.8 | ]
2 2 2 —_
1 G+ - Gtheo + JeXp " //\\ O-+ O-theo + GeXp
0.4 | ]

0 . . . . . . . 0 . . . .
2 <15 14 05 0 05 1 15 2 2 15 1 05 0 05 1 15 2

Convolution of 2 Gaussians

1t

0.8

0.6

04

0.2

Adding errors linearly more conservative approach for theory errors.
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Direct searches for SUSY particles

SXIT

Karlsruher insthiurl e Technologle

® SUSY particles can be produced in pp collisions at the LHC

g g 4q g g . g q -
W >M‘g?m~< SEWQ 7 M
.
i - . = ~
g g q g g ~q g g

L}

B Combination of the different cross sections of Pp — gg,dq,qq

1000
95% CL [
exclusion by 800 |
CMS + Atlas
(Jets+MET) 60

CMS PAS SUS-11-
003

arXiv:1109.6572
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Pa ramzetriza;tion ,
of X = Jtot / Geff
with o ¢° that

AX? = X* = Xomin =
5,99

Contribution to o,,,=0,1pb
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Direct search for dark matter (DDMS) é.ﬁﬂ

® Assume Neutralino is LSP and therefore perfect WIMP candidate
® Direct detection of WIMPs through elastic scatterlng on heavy nuclei

7 7o
|
I h,HA
|
PR
N O

fo/f

|| FffP(‘fI_P coup Ilnn includes

Bl N W W o

couplings of WIMPs on
quarks f "/f,P

90% CL — A2 = 4,21

\
Ll L I TR SR ' I APy 4o

(arXiv:1005.0380) 10 T g 910 30 30 40 50 100 200 300 400 1000

WIMP Mass [GeVic']
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Including DDMS constraint into x? é..s.!.!

® Uncertainties
® Local DM density (0,3/1,3 GeV/cm?)
B Effective coupling (especially s-quark) because of different calculations

1000
lattice N S
fP=002  fP=0.023; 800 | XENON + 2N o
: : >
f°=0.026; f=0.033; S ol
f.” =0.02; f." =0.26; E‘g
400 |
f'=0.014; f'=0.018; _
f?=0036;, f°=0.042; 200 | excluded at 95% CL |
fsp — 002’ fsp — 026, 500 10 m(;l?g(;v] 2000 2500 3000

_\conservative

Conny Beskidt, IEKP SUSY 2013, ICTP Trieste, 29.08.2013 4°



Excluded parameter space by XENON100 g_ﬁ!.l

B Scattering cross section is proportional to the product of gaugino und
higgsino component — Increase of the cross section if higgsino
component is increasing

® Higgsino component increases for high values of m; — DDMS is
sensitive for high m, in contrast to the direct searches at the LHC
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0 500 1000 1500 2000 2500 3000
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m, [GeV]
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