
Hyperon Form Factors in Nf=2+1 QCD

James Zanotti
The University of Edinburgh
[QCDSF Collaboration]

Lattice 2010, Villasimius, Sardinia, Italy
June 14-19, 2010



Outline	

• Motivation

• Simulation Parameters

• Extracting matrix elements from 3-point functions

• Preliminary results

• Hyperon electromagnetic form factors

• Hyperon semi-leptonic decays

• Summary and Outlook



Motivation 

• Charge and magnetic distribution of hyperons

• Examine into the role of SU(3) flavour symmetry breaking in these distributions

• Insights into the role of hidden flavour (e.g. strangeness in the proton)

Hyperon electromagnetic form factors

• Provide an alternative method for determining the CKM matrix element |Vus|

• The axial semi-leptonic form factor at q2=0 gives gA/gV 

•                               is analogous to usual     decay

• expect 

Hyperon semi-leptonic decay form factors
Σ− → n�ν� and Ξ0 → Σ+�ν�

Ξ0 → Σ+�ν� β n→ p�ν�

gA/gV ≈ 1.26



Simulation Details

• Nf=2+1 flavours dynamical O(a) improved clover fermions

• Code & algorithm: BQCD 

• Tuned so singlet quark mass (mu + md + ms) kept fixed at physical value

• So far, three point functions only calculated on 243 enembles
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Extraction of matrix elements
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Three-point function at the baryon level

E.g. the matrix element of the electromagnetic current can be 
extracted from a ratio of 3pt/2pt and has the general form

While for the vector semileptonic form factors between B’ and B
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Results
	 	 Hyperon electromagnetic form factors

F p−n
1 (q2) F p−n

2 (q2)

mπ = 394 MeV



Form factor radii & magnetic moments

 Form factor radii:

 Magnetic moment      /anomalous magnetic momentµ

µ = 1 + κ = Gm(0)

r2
i = −6

dFi(q2)
dq2

���
q2=0

Compare different quark sectors for 

N, Σ, Ξ
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Results
	 	 Hyperon radii
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Ratios

• Consider ratios to highlight SU(3) flavour symmetry breaking effects, e.g.

�r2
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�r2
1�up
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Results
	 	 Hyperon radii

Doubly represented quarks

✴u quark is more broadly distributed in the proton than Sigma 
✴s quark in Xi least broadly distributed



0.00 0.05 0.10 0.15 0.20 0.25
m2

π [GeV 2]

0.6

0.7

0.8

0.9

1.0

1.1

�r
2 1
� q B

/
�r

2 1
� q p

up

uΣ

sΞ

0.00 0.05 0.10 0.15 0.20 0.25
m2

π [GeV 2]

0.6

0.7

0.8

0.9

1.0

1.1

�r
2 1
� q B

/
�r

2 1
� q p

dp

sΣ

uΞ

Results
	 	 Hyperon radii

Singly represented quarks

✴d quark is more broadly distributed in the proton than Xi
✴s quark in Sigma least broadly distributed
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Doubly represented quarks
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✴s quark in Xi least broadly distributed
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Hyperon semi-leptonic form factors
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Double Ratio

• Extract scalar form factor

• at                                         with high precision viaq2
max = (mΣ −mn)2
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Double Ratio

f0(q2
max) = 0.99934(66)
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max) = 0.9888(75)

[ very preliminary: only 95 measurements]

mπ = 358 MeV, mK = 453 MeV mπ = 337 MeV, mK = 460 MeV
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Results
	 	 Hyperon semi-leptonic form factor

Σ− → n�ν�
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Ξ0 → Σ+ e− ν̄e



Results
	 	 Hyperon semi-leptonic form factor
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Double Ratio

• Determine f0/f1 using a second double ratio

[Becirevic et al., hep-lat/0411016]
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Double Ratio

• Determine f0/f1 using a second double ratio

[Becirevic et al., hep-lat/0411016]

Ri(t�, t) =
GΣn

i (t�, t; �p, �p �)GΣΣ
4 (t, t�; �p, �p �)

GΣn
4 (t, t�; �p, �p �)GΣΣ

i (t, t�; �p, �p �)

−→ f0(q2)
f1(q2)

Work In Progress.....



Summary and Outlook	

• 323 at lighter masses

• run more

• axial transition form factors

• double ratio to obtain precise results for 

•  

• Twisted boundary conditions 

f0(q2)
f1(q2)

−→ f0(q2)

|Vus|

g1(q2)
f1(q2)

, gΣn, gΞΣ, . . .

Ξ0 → Σ+�ν�

[a la RBC/UKQCD arXiv:1004.0886]


