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The Higgs mass and SUSY
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The Higgs mass and SUSY
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The Higgs mass and SUSY
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.. the "Hierarchy problem” - has SUSY been fully tested ?
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—> Correlations between SUSY breaking parameters
and/or additional low-scale states
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Fine tuning from a likelihood fit:

SUSY parameters If vincluded as a “Nuisance” variable
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Probabilistic interpretation:
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Simplest case - the "Constrained” MSSM (CMSSM)

Soft SUSY breaking parameters:
yi(MGUT) = ‘LLO’mO’ ml/2’ AO’ BO
® Parameters input at GUT scale (gauge coupling unification)

® SARAH/Spheno+FlavorKit st
(2-loop: RGE & Higgs mass)



Higgsino mass term [,

Radiative corrections can reduce sensitivity:

yi(MGUT) = ‘uO’mO’ ml/2’ AO’ BO
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Scalar mass term m,

Fine tuning also sensitive to correlations between SUSY breaking terms

eg. Y. =M ,m,m ,A,B CMSSM
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Focus point  Z*(M,)=0
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® The CMSSM - after Higgs discovery
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Soft parameters?

further
Fine tuning sensitive ’roAcorrela’rions between them

v.=u,m,m. ,A,B CMSSM
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® Correlation between SUSY breaking parameters

..non-universal gaugino masses
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Reduced fine tuning (the MSSM-NUGM)
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SU(5):75

Focus point (TeV)
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Fine tuning -effect of gaugino focus point

LHC 13 TeV
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LHC 13 TeV
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LHC 13 TeV

pp = 30, § >bbX icHEP 2016

0 @preduction, § - qalv Vi s MIL) = (ME + M2, m0F} = (M) + =)12 S‘ " I B B L L B L B LB B L LB L L B B
;‘ LR DL L NS L L T () 1m-_CMs 13 Tev E
% 1600 —~ATLAS Preliminary = B o - ) . B
o C romctos st (41 - = —SUS-16-014 (H'™), 1291tr -—Expected ]
& [e=13Tev.iazm’ = xpocted kit (H10,5) 51600 SUS-16-015 (My;), 129 1" — Obeerved
1400 — SS/AL cbserved mit 2015 — E - —SUS-16-016 (o), 129 0" :
[ = [arXiv-1507.05525) 1 14001 — SUS-15-003 (My;), 23 1b* -
1200 "_ All Fenits at 95% CL _‘ L -
i S ] 12(!!:— - '“'-'-_:.\_ —:
1000 } ............. _: 1m:_ ................... \ _:
-
' i ] 600 1 iy 3
o] = 5 Y i3
] 400~ o
400 H _' C EI B
i . 200 § : :i -
i ] C H | S -
200 & ok ; ]
600 800 1000 1200 1400 1600 1800IG ZV%OO 800 1000 1200 1400 1600 1800 2000
m. [Ge
‘ my [GeV]
3000 T T T T 1000 2000 T T T T 100
° 500
o
2500 oo 80
® 00 004 200
eeesce { 1500 ]
00 000 0 004
ene ©oe COeBCDaeq 100 60
—_ 2000 0.‘:': t'c::cl-:‘:‘otosj - —
S a S
cu ¢ ] w
O ° 20 o 40
= 1500 4 - ' 1000 g
o o
J " o YY) Yy
S s S 2
1000 0000 1
] 2 500 0000000000 0
P 200 ] 0000000000
3001 oo 0000000000000000000000 50505000 ] 0000000000
000000000000 e ® o 000000 (X L
i““g!’!’éa- oY Jo! ® : - r ...... .
1000 2000 3000 4000 5000 800 1000 1500 2000 2500 3000
Myluino [GeV] Myluino [GeV]

MSSM-NUGM

GGR, Schmidt-Hoberg , Staub



LHC 13 TeV

pp = 30, § >bbX icHEP 2016

noproom-un o (ull‘wq "‘ll) |mu . rru IW2, m ¥} = l"‘ll,l amx ||2 S‘ rfrrrrrryrrryrrryrrrrrrt | -
—-— T T I LI ] LELELEN IR l LI B B 1 |_ o 1
2 1600 —ATLAS Preliminary —— Observed limit — o ww-_CMS 13Tev 3 B
2 Y - = F —SUS-16-014 (H™), 1291 3
g% [vemsTev.izzn’ Expacted bmit (10,0} 1 541600F- - SUS-16-015 (Myy), 129 :MEW_:
1400 — __ SS/AL chserved imit 2015 — € - —SUS-16-016 (o), 129" ]
[ ferkiv:1507.05525) ] 1400F- = SUS-15-003 (M), 2.3 ' 3
1200 :_ All lnits at 95% CL 7 5 =
F \ ] 1200 -]
1000:"_ _: 1m:_ .................... _:
800 - - 800~ E
[ ] 600F 3
600 - i . . 3
] 400 I
P 200F- F 13
200 L - l ) - [ - Aol l - l A :ﬂ: l PR - ] : 3 ': :
600 800 1000 1200 1400 1600 umoIG 2\300 0=800 1000 1200 1400 1800 1800 2000
m. |Ge
¢ my [GeV]
3000 . . . . oo 2000 . : ; ; 100
° 500
o
2500 o0 80
[ ] o0 004 200
000000 ¢ 1500 4
00 000 & 004
000 000 000000004 100 60
—_ 2000 Q.ZZ 0000000000600 j . .
>
> : | 3
) o 20 O, 40
= 1500} 4 1000 -
o o
3 v 2 T 'YY
s 1000 . : s v
0000 1
] 2 50f000000000000040000000000 0
W I I I
- ‘ > 00000
““““““””. [ 2
S4se0ecesesese L 0000000000000 0000000 00
100000000 s00ede-co00 o o . 004 0000000000 00O0QGOINIOGNOO [ ]
1000 2000 3000 4000 5000 800 1000 1500 2000 2500 3000
Myluino [GeV] M M N GM Myluino [GeV]
(Two-scale matching summing In(M,, . / M,,M,) can reduce A by further factor 2 and 5mh =-2Gel)

Porod, Staub



LHC 13 TeV
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SOfT par'ameTer'S? (No divergences introduced)

Fine tuning sensitive to correlations between them

Y, = U, m,,m,,,, A,, By, L' Soft Higgsino mass?

— —_ '
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/

Hard parameter - tadpole divergences

( Absent in MSSM)



Higgsino mass origin

® (augino mediation
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(c.f. Scherk-Schwarz ...low compactification scale)
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Hidden sector running drives Higgs mass to zero leaving Higgsino

mass unchanged
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* New SUSY breaking soft terms
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Dark Matter
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Thermal SUSY DM
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SUMMARY

O GUTs —> SUSY-GUTS (hierarchy problem)
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® GUTs
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(hierarchy problem)

O Fine tuning sensitive to SUSY spectrum

..scalar and gaugino focus points, Higgsino mass

Model LHC & Higgs soft DM  strong DM
CMSSM 134 216 276
MSSM — NUGM 11 11 117
CNHSSM 114 116 166
NHSSM — NUGM 10 10 23




SUMMARY

GUTs —> SUSY-GUTS

(hierarchy problem)

Fine tuning sensitive to SUSY spectrum

..scalar and gaugino focus points, Higgsino mass

Model LHC & Higgs soft DM  strong DM
CMSSM 134 216 276
MSSM — NUGM 11 11 117
CNHSSM 114 116 166
NHSSM — NUGM 10 10 23

... and non-minimal spectrum



SUMMARY

O GUTs —> SUSY-GUTS (hierarchy problem)

O Fine tuning sensitive to SUSY spectrum

..scalar and gaugino focus points, Higgsino mass

Model LHC & Higgs soft DM strong DM

CMSSM 134 216 276
MSSM — NUGM 11 11 117
CNHSSM 114 116 166
NHSSM — NUGM 10 10 23

CGNMSSM ~100 ~150 ~180
GNMSSM — NUGM ~10 ~10 ~ 30

U

Yukawa

W =W+ (H+AS)HH, #2287 475 488 GNMSSM

Kaminska, GGR, Schmidt-Hoberg



SUMMARY

O GUTs —> SUSY-GUTS (hierarchy problem)

O Fine tuning sensitive to SUSY spectrum

..scalar and gaugino focus points, Higgsino mass

Model LHC & Higgs soft DM strong DM

CMSSM 134 216 276
MSSM — NUGM 11 11 117
CNHSSM 114 116 166
NHSSM — NUGM 10 10 23

CGNMSSM ~100 ~150 ~180
GNMSSM — NUGM ~10 ~10 ~ 30

low energy

* Is SUSY alive ?

Yes (just) - Well motivated SUSY models remain to be tested



SUMMARY

® GUTs

—> SUSY-GUTS

(hierarchy problem)

O Fine tuning sensitive to SUSY spectrum

..scalar and gaugino focus points, Higgsino mass

Model LHC & Higgs soft DM strong DM

CMSSM 134 216 276
MSSM — NUGM 11 11 117
CNHSSM 114 116 166
NHSSM — NUGM 10 10 23

CGNMSSM ~100 ~150 ~180
GNMSSM — NUGM ~10 ~10 ~ 30

low energy

Is SUSY alive ?

Can LHC fully test it?



Prospects:

CMSSM
current prospects
Cut | LHC & Higgs soft DM strong DM | mz >3 TeV DD mz >5TeV DD
Amin 134 216 276 231 271 686 -
CNHSSM
current prospects
Cut | LHC & Higgs soft DM strong DM | mz > 3TeV DD mz >5TeV DD
Amin 114 116 166 227 264 665 677
MSSM-NUGM
current prospects
Cut | LHC & Higgs soft DM strong DM | mz >3 TeV DD mgz>5TeV DD
A min 11 11 117 17 17 29 29
NHSSM-NUGM
current prospects
Cut | LHC & Higgs soft DM strong DM | mz >3 TeV DD mgz>5TeV DD
Amin 10 10 23 11 11 23 23

(DD: Direct detection DM)




Thermal SUSY DM
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