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The direct search for dark matter 

• “Dark Matter Results from 100 Live Days of XENON100 Data”
arXiv:1104.2549
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April 13, 2011

CMSSM
Today... convince you this CMSSM blob is too “high”

CMSSM: Constrained Minimal Supersymmetric Standard Model



WIMP-Nucleon cross section
• The Constrained MSSM (CMSSM):
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σSI
p

∆χ2

10−44

Using: ΣπN = 64MeV

ΣπN = 45MeV
⇒ reduction in cross 
section by factor ~3 to 4

Why are we so 
sensitive to         ?ΣπN



Spin-independent neutralino cross section

• Scalar neutralino–quark contact interaction

• Cross section
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LSI =
∑

i

α3iχ̄χq̄iqi

α3i
depend on model (eg. CMSSM) 
evolved down to low-energy scale

σp
SI ∝ |fp|2

fp
TG = 1−

∑

q=u,d,s

σ̄pq Trace anomaly:
Shifman, Vainstein & Zakharov, PLB(1978)

fp

Mp
=

∑

q=u,d,s

σ̄pq
α3q

mq
+

2
27

fp
TG

∑

q=c,b,t

α3q

mq

see eg. Ellis, Olive & Savage, PRD77:065026(2008)

ΣπN = MN (σ̄pu + σ̄pd) =

{
45± 8MeV Gasser et al. (1991)
64± 7MeV GWU (2002)

σ̄pq =
mq

MN
〈N |q̄q|N〉Nucleon scalar quark content

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E77%252E065026&v=18a58929
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E77%252E065026&v=18a58929


The missing ingredient

• Strangeness scalar content
• Commonly used quantity

• some algebra

• Use Feynman-Hellmann relation
• First-order breaking in SU(3) baryon masses

• With higher-order terms in chiral expansion

5

σ̄ps = ms〈N |s̄s|N〉/MN

σ0 ≡ m̂〈N |ūu+ d̄d− 2s̄s|N〉

mq〈N |q̄q|N〉 = mq
∂MN

∂mq

σ0 ! m̂
mΞ +mΣ − 2mN

ms − m̂
= 26MeV

⇒ σ̄ps =
ms

2m̂
(ΣπN − σ0) /MN

σ0 ! 36± 7MeV ⇒ σps =

{
110± 130MeV [ΣπN (1)]
350± 120MeV [ΣπN (2)]



Lattice QCD can probe scalar matrix elements

• Can directly probe matrix elements in 3-pt correlation functions
– See talks:

• Alexandrou, Bali

• Here: Parameterise quark mass dependence and use 
Feyman–Hellmann relation
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mq〈N |q̄q|N〉 = mq
∂MN

∂mq



2+1-flavour lattice results
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• State-of-the-art lattice 
results approaching the 
physical domain
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Chiral EFT: SU(3) expansion to mq3/2
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• Chiral EFT is low-energy effective theory of QCD
• Only way to perform chiral extrapolation consistent with the 

chiral symmetries and symmetry breaking of QCD

Octet baryon masses

4 free parameters (at this order)

— 1 Overall mass scale

— 3 Linear perturbation in quark masses

Chiral nonanalytic contributions come with 
model-independent coefficients

M0

αM , βM , σM

gA = 1.267, D ! 3
5
gA, F ! 2

5
gA, C ! −2D, fπ ! 0.087 GeVInputs: 

±15% ±5%±15%±15%

π, K, η

+
π, K, η

Octet Decuplet



Corrections to the linear expansion

• Poorly converging
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Finite Range Regularization (FRR)
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• Suppress ultraviolet contributions to loop integrals from scale 
beyond the validity of the EFT

• Maintain renormalization such that scale dependence is 
removed to working order

Donoghue, Holstein & Borasoy, PRD59,036002(1999)
Leinweber et al., PRD61,074502(2000)
Young, Leinweber & Thomas, PPNP 50,399(2003)
Leinweber, Thomas & Young, PRL92,242002(2004)

2
π

∫
dk

k4

k2 + m2

R−→ m3Text book

FRR
2
π

∫
dk

k4

k2 + m2
θ(Λ2 − k2) R−→ m3 2

π
arctan

Λ
m



Lattice results “choose” regularisation scale
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• Lattice results prefer a regularisation scale of order 1 GeV (Dipole)
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Fit to 8 LHPC points
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Fit to 8 PACS-CS points
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Fit extrapolation

Correction in strange quark 
mass demonstrated to be 
reliable against numerical 
simulation

As for LHPC, excellent 
agreement with observed 
spectrum

PACS-CS: 2+1-flavour simulation; different action discretization to LHPC

PACS-CS have an additional run with a 
different strange quark mass
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Strange-quark mass dependence
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Sigma terms from lattice QCD
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Updated cross sections for benchmark models
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Ellis, Olive & Savage PRD(2008)

Strong dependence on sigma term 
from poorly known strangeness

New 95% CI

“Model C”

Giedt, Thomas & Young, PRL(2009)

σ̄ps =
ms

2m̂
(ΣπN − σ0)

Significant reduction in uncertainty

Cross-section reduced by order of 
magnitude from XENON100 figure



XENON100

• Shift the “blob” down
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CMSSM



QCDSF lattice results

• “Prediction”: curves are NOT a fit
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Lattice QCD determination
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