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“Low energy” measurements

Wealth of precision measurements from LEP/SLC, from Tevatron, from
B/K physics, from (g-2)


 and from astrophysics

Already “low energy” (LE) data exhibits sensitivity to SUSY effects
(→ m

t 
prediction), in particular:

● 

●

Example diagrams:



 

P
et

er
 W

ie
ne

m
an

n:
 D

ie
 F

ra
ge

3

List of used LE precision measurements
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Fit machinery

● Fit to LE data performed using Fittino (P. Bechte, K. Desch, PW, et al.)

● Parameter analysis with Markov Chain Monte Carlo (frequentistic
interpretation)

● Theory predictions taken from

➔ SPheno (W. Porod)

➔ Mastercode (O. Buchmüller, et al.) for LE observables
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LE data: mSUGRA parameter fit

Fit of mSUGRA parameters to 35 LE measurements:

● non-trivial optimum

● M
0
 and M

1/2
 already constrained significantly

2D 95 % contour

1D 68 % contour

Optimum

→ in good agreement with previous findings by
     O. Buchmüller et al., arXiv:0808.4128

arXiv:0907.2589

http://arxiv.org/abs/arXiv:0808.4128
http://arxiv.org/abs/arXiv:0907.2589
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LE: Expected spectrum from mSUGRA fit

mSUGRA, >0:

p-value: 54 %

Mass spectrum corresponding to mSUGRA parameter constraints:



 

P
et

er
 W

ie
ne

m
an

n:
 D

ie
 F

ra
ge

7

LE: Expected spectrum from mSUGRA fit

mSUGRA, <0:

p-value: 9 %

Mass spectrum corresponding to mSUGRA parameter constraints:
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LE: Expected spectrum from GMSB fit

p-value: 57 %

GMSB, >0, N
5
 = 2:

Mass spectrum corresponding to GMSB parameter constraints:
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LE: Impact of individual observables

All measurements:
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LE: Impact of individual observables

No dark matter density:
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LE: Impact of individual observables

With dark matter density and with (g-2)
µ 
from τ data:



 

P
et

er
 W

ie
ne

m
an

n:
 D

ie
 F

ra
ge

12

LE: Impact of individual observables

With dark matter density and with SM value for (g-2)
µ
:
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LE: Impact of individual observables

No dark matter density and no (g-2)
µ
:
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Summary of LE fits

● Available LE data exhibits sensitivity to SUSY parameters

● It favours (at least some) light SUSY masses

● mSUGRA with µ > 0 can describe the data well. µ < 0 disfavoured
by (g-2)

µ
. But also GMSB is fine (but needs an additional CDM

candidate).

● Most constraining measurements are (g-2)
µ 
followed by CDM

relic density.

● Best-fit point rather stable when removing a single observable

● After removal of (g-2)
µ
 and relic density almost all sensitivity is lost
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First LHC SUSY exclusions

CMS (0-lept.)

ATLAS (1-lept.)

First mSUGRA exclusion limits were just released by LHC collaborations
and are pushing up the SUSY mass limits:

(m
0
, m

1/2
)

coordinates
of best-fit point

(m
0
, m

1/2
)

coordinates
of SPS1a
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What does it mean if the LHC does not find SUSY in the initial 7 TeV
run?

● How does the remaining allowed SUSY parameter space look like?

● Does it create any tension between low energy measurements and
LHC exclusions?

● What are the implications for a future Linear Collider?

“Die Frage”
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Modelling LHC exclusion potential

In the quest to answer “die Frage” we use the ATLAS
4-jet + MET + 0 lepton cuts from ATL-PHYS-PUB-2010-010 (7 TeV
sensitivity study) and cross-checked our analysis on the discovery reach:

Our analysis nicely
reproduces discovery
reach of ATLAS sensitivity
study (which used LO
SUSY cross-section)
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Projection: LE data vs. LHC exclusion

preliminary

Projection of how the LHC exclusion potential evolves during the 
7 TeV run compared to the LE data preferred region:

today

1 fb-1

2 fb-1

7 fb-1
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Combined fit of LE data and LHC exclusion

A combined global fit of LE data and estimate of present LHC exclusions:

preliminary
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Combined LE+LHC (35pb-1) fit: Mass spectrum

Mass spectrum corresponding to mSUGRA parameter constraints:
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Comb. fit of LE data and pot. LHC exclusion

preliminary preliminary
2 fb-1 2 fb-1

LO x-sec. only LO x-sec. only

A combined global fit of LE data and projected LHC exclusions yields:

Fits using NLO x-secs. for different LHC lumi assumptions available soon
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Combined LE+LHC (2 fb-1) fit: Mass spectrum

Mass spectrum corresponding to mSUGRA parameter constraints:
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Summary of combined LE+LHC fit

● LHC has started to probe parameter region favoured by LE
mSUGRA fits

● We combine LE data with potential LHC exclusions in a global
mSUGRA parameter fit

● M
0
, M

1/2
 and tanβ are pushed towards larger values with increasing

LHC luminosity

● Non-discovery leads to moderate tension between LE data and
LHC exclusions (at least up to 2 fb-1) in mSUGRA

● This was an exploratory study. Fit machinery is ready to perform
combined fits based on actually observed LHC data. But we need
the data in appropriate form from the LHC collaborations.
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