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

CMSSM: Constrained Minimal Supersymmetric Standard Model
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sensitive to         ?ΣπN



Spin-independent neutralino cross section

• Scalar neutralino–quark contact interaction

• Cross section

4

LSI =
∑

i

α3iχ̄χq̄iqi

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

σp
SI ∝ |fp|2

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

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E77%252E065026&v=18a58929
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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 determination
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2+1-flavour lattice results

7

• State-of-the-art lattice 
results approaching the 
physical domain

N
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LHPC, Walker-Loud et al., PRD79, 054502 (2009)

Octet baryon masses

Physical pion mass

Dynamical : mu = md & ms



Chiral EFT: SU(3) expansion to mq3/2

8

• 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

9
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Finite Range Regularization (FRR)

10

• 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

11

• Lattice results prefer a regularisation scale of order 1 GeV (Dipole)

0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0
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0.4

0.6
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! !GeV"

Χ2
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New development: preferred scale is not input from phenomenology

Young & Thomas, PRD(2010)



Fit to 8 LHPC points
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Fit to 8 PACS-CS points

13

!

!

!

!

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.8

1.0

1.2

1.4

1.6

mΠ2 !GeV2"

m
B
!GeV

"
Prediction of fit

PACS-CS, Aoki et al., arXiv:0807.1661

Lattice
Experiment
Fit extrapolation

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

As for LHPC, excellent 
agreement with observed 
spectrum
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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

16

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
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Combined global analysis
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PV Electron-Quark Couplings

19

C1(2)q

=

C1(2)q

+
SM

new physics

Constrained by 
low-energy data!

LPV
SM =−GF√

2
ēγµγ5e∑

q
CSM1q q̄γ

µq



C1q Quark-Vector couplings (electron-axial)
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PV Asymmetry

• Proton

21

APV =
σR−σL
σR+σL

=
[
−GFQ2

πα
√
2

]
εGpγ

E G
pZ
E + τGpγ

MG
pZ
M − 1

2(1−4sin
2θW)ε′Gpγ

MG̃
p
A

ε(Gpγ
E )2+ τ(Gpγ

M )2

Neutral-weak form factors

4GpZ
E,M = (1−4sin2θW)Gpγ

E,M−G
nγ
E,M−Gs

E,M

Assume charge symmetry:

Proton weak charge Strangeness

Qp
weak =−2(2C1u+C1d)
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E,M

Assume charge symmetry:

Proton weak charge Strangeness

Use data to constrain the parameters of the 
electroweak theory

Qp
weak =−2(2C1u+C1d)



Proton Extrapolation
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New update on C1q couplings
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Limits on new physics

• One may be sensitive to a new heavy Z’ boson contributing to 
a new contact interaction

• Imagine a new Z’ which has exactly the same couplings to the 
SM fermions and mass

– Simplest Kaluza-Klein excitation from a compact 5th dimension 
(circle radius R)

24

MZ′ "MZ

M2
Z1 =M2

Z+
1
R2

M2
Z1 > 1.04TeV95% CL R< 2×10−4 fm

~200 zeptometres



Model-independent limits

25

LPV
SM =−GF√

2
ēγµγ5e∑

q
CSM1q q̄γ

µq

Erler et al., PRD68(2003)

LPV
NP =− g2

4Λ2
ēγµγ5e∑

q
hqV q̄γ

µq



Model-independent limits

25

LPV
SM =−GF√

2
ēγµγ5e∑

q
CSM1q q̄γ

µq

Erler et al., PRD68(2003)

LPV
NP =− g2

4Λ2
ēγµγ5e∑

q
hqV q̄γ

µq

Full isospin coverage for limits on new physics!

huV = cosθh hdV = sinθh

Data sets limits on
g2

Λ2



Lower bound on NP scale

26
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Lower bound on NP scale
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New physics scale >0.9 TeV! (from 0.4 TeV)

95% CL

Atomic and 
others

with PVES



Reminder: Limits on ratio
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Weak coupling: eg. new perturbative Z’
low mass limit
(also low yield in colliders)
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Reminder: Limits on ratio

27

Λ/g

Weak coupling: eg. new perturbative Z’
low mass limit
(also low yield in colliders)

g ∼ 0.1 ⇒

“Typical” coupling: eg. leptoquarks
g ∼ 1 ⇒ ball park TeV scale

Strong coupling: eg. compositeness
large mass reach
strength of precision tests

g ∼
√

4π ⇒



Future: Q-weak Experiment

• Precise measurement of the proton’s weak charge in PVES

• At low energy and small scattering angle:

28

Q2 = 0.03GeV2, θ= 8◦Qp
weak =−2(2C1u+C1d)

ALR =− GµQ2

4πα
√
2

[
Qweak+βAG̃p

A

√
Q2+βVQ2+ . . .

]

βA ∝ θ+O(θ3)
Anapole uncertainty

Strangeness uncertainty



Impact of Q-weak
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Impact of Q-weak (assuming SM)
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Impact of Q-weak (assuming SM)
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What about Q-weak discovery?
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Assume Q-weak takes central value of current measurements

1.5<
Λ
g

< 2.5TeV


