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• RCs from the RI-MOM method

• Scale Independent RCs (ZA, ZV, ZP/ZS) from 
alternative methods

• Nf = 2+1+1: a plan for the calculation of the RCs
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Statistics

excluded data

from
 the final analysis
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at fixed (Landau) gauge

Martinelli, Pittori, Sachrajda, Testa, Vladikas, NPB 1995
Gimenez, Giusti, Rapuano, Talevi, NPB 1998
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“µ q ����0” : take valence & sea
chiral limit

RI-MOM method
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O(a) improvement Asymptotic O(a)-improvement at large p2 and µq 0 
Becirevic, Gimenez, Lubicz, Martinelli, Papinutto, Reyes, JHEP 2004

O(a)-improvement for any p2  thanks to the 
symmetries of the action at maximal twist 
(see Roberto’s talk at Trento Workshop 2008)  

)/2Z(ZZ duud +=

For the scale dependent RC:

where:                                    ( N2LO for ZT, N3LO for ZS, ZP)
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Gracey,  NPB 2003

Chetyrkin & Retey, NPB 2000

Increase the statistics by taking the average:
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The Goldstone pole:

The pseudoscalar vertex couples to the PGB pole:
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Scalar vertex (twist):  the PGB pole is suppressed by a factor O(a2) 

Cudell, Yaouanc, Pittori, PLB 1999

Giusti, Vladikas, PLB 2000

For the pole subtraction use two methods:
(a) Fit the pole term and subtract;
(b) Calculate the “subtracted” vertex:

In our analysis both methods give compatible results.
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Subtract O(a2g2) perturbative terms from RI-MOM vertices:   

Inter
nal re

por t, 
2008

Numerical application of the O(a2g2) subtractions using two choices for g2:

(i) g0
2 = 6 / 

(ii) g2(boosted) = g02 / <Uplaq>

- In the following we show results obtained with (ii). 
- Moreover, it will be seen that the results for the RCs, before and after the 
subtractions, are compatible within the errors.
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ZP : valence & sea chiral limit 

Valence chiral limit at
aµsea= aµsea

min

for each value

Sea chiral limit 

(after subtracting the O(a2g2) terms)
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Zq (1/a)

=3.80 =3.90

=4.05
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ZV

=3.80 =3.90

=4.05
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ZA

=3.80 =3.90

=4.05
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=3.80 =3.90

=4.05

ZP (1/a)
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ZS (1/a)

=3.80 =3.90

=4.05
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ZT (1/a)
=3.80 =3.90

=4.05
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Check for finite volume effects

= 3.90    @    aµsea=0.0040 
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Scale Independent RCs: alternative methods
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Consider the valence action
in the physical basis       :

with:

tm case

OS case

Make a chiral rotation back to the twisted basis:

Then for a renormalised bilinear operator we have:  

tm case OS case
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ZP / ZS Consider the matrix element,

For the renormalised values we set the condition:

from which, at the chiral limit, we obtain the value of  ZP / ZS

ZA
Consider the pseudoscalar decay constant in the two regularisations

in the two regularisations

(no renormalisation constant is needed)

(ZA is needed for the renormalisation)

We use the equality of renormalised quantities up to O(a2) terms:

and in the chiral limit we obtain ZA

ZV
Use of onlytm quarks and WI yields ZV :
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Quality of plateaux

)      ( 21
min
sea aaa ==

at the minimum value of the sea 
quark mass for each value of 
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Valence & Sea chiral limit 

Valence chiral limit 
at aµsea= aµsea

min Sea chiral limit 

= 3.80
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Valence chiral limit 
at aµsea= aµsea

min Sea chiral limit 

Valence & Sea chiral limit 

= 3.90
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Valence chiral limit 
at aµsea= aµsea

min Sea chiral limit 

Valence & Sea chiral limit 

= 4.05
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ZP –RI-MOM   vs.   ZP -indirect
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Compatible results within the errors!
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RESULTS    

ZP
Indirect
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We provide the final results from the  RI-MOM calculation using a 
linear fit in (a2p2) after subtracting the estimated O(a2g2) contributions. 
The reasons for this choice (instead of the “p2-window” method) are: 

(a) the small difference in the values of ZV between RI-MOM and the WI 
method. 

(b) the fact that, with this choice, the final results are practically the same 
either using the g2(boosted) or the g02 values in the calculation of the 
O(a2g2) terms.
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FINAL RI-MOM  RESULTS 
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ZV = ZV
RI-MOM – ZV

WI
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ZA      &     (ZP/ZS)
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ZP=ZP
RI-MOM - ZP

Indirect
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• New (special) production runs with Nf=4.

• Relax the accuracy of ampcac~ 0.005-0.010; from the Nf=0 experience we have 

dZ/d(am)pcac < 1 (Becirevic, Gimenez, Lubicz, Martinelli, Papinutto, Reyes, JHEP 2004)

Hence we have good reasons to expect the same in the unquenched case. Therefore, the final 
error of the Z’s, which is of order of  1%, will not be substantially affected.

• Plans for the near future are for the calculation of the RCs at:                                                               

= 1.90

L=24, T=48 

(the choice of the temporal extension reflects the need to be sure about the pion state isolation 
and therefore get a safer estimate for ampcac)

aµsea= 0.0060, 0.0080, 0.0100, [or 0.0120]

aµval = 0.0060, 0.0080, 0.0100, 0.0120, 0.0140, 0.0160 …

Nf = 2+1+1: RCs for the bilinear operators

Thermalisation is already under way. This aµsea
value will serve for a useful comparison, since 
for it we already have (massive-scheme) 
estimates of the RCs calculated in the  
Nf=2+1+1 theory.

Next run at…


