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Introduction

The light stop window? J

Window: bounds on the parameters (mass, mostly)
Stop: supersymmetric partner of the top quark

Light: SUSY predicts two stop mass eigenstates
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Introduction

Predictions for the SUSY mass spectrum based on...

Recent measurement of my, = 126 GeV, Higgs decay rates
Experimental flavor physics

]
]
@ Theoretical arguments (renormalisation group)
"]

Cosmological arguments (Dark Matter)

01.08.2014 3/24



Introduction

Predictions for the SUSY mass spectrum based on...

@ Recent measurement of my = 126 GeV, Higgs decay rates
@ Experimental flavor physics
@ Theoretical arguments (renormalisation group)

e Cosmological arguments (Dark Matter)
...giving a parameter window which is...

o Consistent with current data

o Naturally emerging from theory

@ Predicts correct DM thermal abundance
@ Observable at LHC14
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Constraints
Higgs mass

SUSY prediction for lightest Higgs

3 2m 2 m 2 X2
mp? = mz2cos? B+ 2L jog 52 +XA (1= )+ Q)
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Constraints
Higgs mass

SUSY prediction for lightest Higgs

3y:2m;? ms? X2
mp? = mz%cos® B + ytﬂ : [Iog<m52> LG (1—t>} +... (1)

o Already measured values
@ New measurement: Higgs mass my = 126 GeV
@ SUSY parameters: predictions
m%: Average stop mass m% = m;, - my,
X Stop mixing parameter Xy = (A¢ + pcot 8)/ms
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Constraints
Higgs mass

SUSY prediction for lightest Higgs

3 2 2 2 X,2
mp? = mz%cos® B + }(/Zﬁ’;; [Iog <252> + X;? (1 = 1;)} +... (1)
t

ms ~500GeV and X2~ 6
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Constraints
Higgs mass

ms ~500GeV and X2~ 6 J

Why?
o Lightest ms (choice) —— reduces fine-tuning
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Constraints
Higgs mass

ms ~500GeV and X2~ 6 J

Why?
o Lightest ms (choice) —— reduces fine-tuning

e “Maximal mixing”
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Constraints
Higgs decays

SUSY predicted corrections

M(h«gg) 2
[(h< gg)sm (1+40) @
and
rtheyy) 2
Fh o )em (1—0.28A;) (3)
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Constraints
Higgs decays

SUSY predicted corrections

M(h«gg) 2
[(h< gg)sm (1+40) @
and
rtheyy) 2
Fh o )em (1—0.28A;) (3)

Present data

A; = —0.04 +£0.11
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Constraints
Higgs combined

From Higgs mass

ms ~500GeV and X2~ 6
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Constraints
Higgs combined

From Higgs mass

ms ~500GeV and X2~ 6

From Higgs decays

m;2 ~06- m;l

Combined

my ~ 200 GeV
mg, ~ 1.2 TeV
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Constraints
Theoretical constraints

If we make some assumptions...

GUT scale: mz, = my,
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Constraints
Theoretical constraints

If we make some assumptions...

GUT scale: mz, = my,

Weak scale: m%,u = —m%/2
M; = 1.3 TeV

mg, < 300 GeV
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Constraints

Theoretical constraints

M;: B-ino mass 2500
Mo: W-ino mass

Msz: Gluino mass 20004
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Constraints

Theoretical constraints

M;: B-ino mass 2500
Mo: W-ino mass

Msz: Gluino mass 20004

1000+

Sparticle masses in GeV

500+

ol : : : : : :
10t 10° 10 10 10?10 10
RGE scale in GeV
At~ my ~ Mz ~1—2TeV J
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Constraints

Theoretical constraints
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Constraints
Theoretical constraints

The previous figure shows...

mg, < my, at the weak scale
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Constraints
Theoretical constraints

The previous figure shows...

mg, < my, at the weak scale

M3 S 4. my, — M3 5 1.6 TeV
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Constraints
Flavor physics
Two observables with SM predictions:

Kaon mixing: ex/ex
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Constraints
Flavor physics
Two observables with SM predictions:

Kaon mixing: ex /e
B physics: BR(B — Xs7v)/BR(B — Xs77)sm

\
b, t/,’ s b N\, 5/’ s
W~ X~

SUSY correction
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Constraints
Flavor physics
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Dark Matter
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01.08.2014 17 /24



Constraints
Dark Matter

@ SUSY provides DM candidate: the lightest neutralino Yo
@ It co-annihilates with the stop:
Xo

01.08.2014 17 /24



Constraints
Dark Matter

@ SUSY provides DM candidate: the lightest neutralino Yo
@ It co-annihilates with the stop:
Xo

t t

o At freeze-out: production < decay

@ Yo decay suppressed by symmetries, but co-annihilation still possible
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Constraints
Dark Matter

SUSY provides DM candidate: the lightest neutralino ¥

It co-annihilates with the stop:
Xo

t t

At freeze-out: production < decay

Yo decay suppressed by symmetries, but co-annihilation still possible

Co-annihilation depends on mass difference AM between t and o

— DM abundance hints at AM constraint J
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Experimental signals
Stop decays

AM =~ (30 — 40) GeV < my ~ 173 GeV J
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Experimental signals
Stop decays

01.08.2014

AM =~ (30 — 40) GeV < my ~ 173 GeV J
t
f
Xo

Impossible decay
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Experimental signals
Stop decays

Two important t decays:

Two body decay Four body decay
i~'1 — cN fl — Nb/+V/
t; — Nbqgq

01.08.2014 20/24



Experimental signals
Stop decays

Two important t decays:

Two body decay Four body decay
fi = cN t; — Nblty,
El — Nbqq
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Experimental signals
Stop decays

Two body decay challenging for detection:

jet invis
low PT
low pr

jet invis
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Experimental signals
Stop decays

Two body decay challenging for detection:

@ Invisible Xo

@ Soft jets are not observable = Detect recoiling jets

jet invis
low p1
low p1

jet invis
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Experimental signals
Stop decays

Four body decay should be detectable:
e BR(f; — NblTy))~1/9 fore u,T

@ Leptons are soft (low energy) due to small £, — {o mass difference
(30 — 40) GeV, so hard to detect

01.08.2014 22/24



Experimental signals
Stop decays

Four body decay should be detectable:
e BR(f; — NblTy))~1/9 fore u,T

@ Leptons are soft (low energy) due to small £, — {o mass difference
(30 — 40) GeV, so hard to detect

@ Detection with LHC14?
e m; < 250 GeV actually already excluded
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The proposed SUSY mass spectrum is:

o Lightest right-handed stop squark mz = 200 — 400 GeV
@ Heaviest left-handed stop squark m; ~ 1 —2 TeV
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The proposed SUSY mass spectrum is:

Lightest right-handed stop squark mz = 200 — 400 GeV

Heaviest left-handed stop squark m; ~ 1 —2 TeV

Geometric average ms ~ 500 — 600 GeV

Gluino mass M3 < 1.5 TeV

Lightest neutralino is AM =~ 30 — 40 GeV lighter than lightest stop

Masses within reach of the next LHC run J
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Thank you for your attention

Any questions?

arXiv:1212.6847v1 [hep-ph]



