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e RCs from the RI-MOM method

» Scale Independent RCs\ZZ,,, ZJ/Zs) from
alternative methods

 N;=2+1+1: a plan for the calculation of the RCs



Statistics

3 =3.80
Neneas
HMaea
pivar (RI-BLOLL) 244
P | 231
faca 0.0080, 0.0110, 0.0165

pipar (RI-BLOLL) 00sd, 0.0080, 00110, 0.0165, 0.0200 240
fipar (albernative cale)  QA0060;70.0080, 0.0110, 0.0165, 0.0200 400

3 =3.00
r';mfﬂﬂ
Masa 0.0040, 0.0064, 0.0085, 0.0100, 0.
s (RI-BEOLL) 0.0040, 0.0064, 0.0085, 0.0100, 0150 240

fper (albernative calc.)  0.0040, 0.0064, 0.0085, 0.0100, 0.0150 240

3 =405
Nmeas
Haca 0.0030
e (RI-DLOLL ) 0.0030, 0.0060, 0.0080, 0.0120 240
iwat (albemnative cale ) 0.0030, 0.0060, 0.00830, 0.0120 152
Haea 0.0060, 0.0080
e (RI-DLOL ) 0.0030, 0.0060, 0.0080, 0.0120 160
pival (alternative cale.)  0.0030, 0.0080, 00080, 0.0120 130

Hoama ﬂﬁﬁU\ 3

Hpar (albermative calec.) 130




RI-MOM method

Define the Green function:
Gﬁd (p,p') = a’ Z<U(X)(Urd)oa(Y)> e P*®Y for T=SP,V, AT o |, VoV VsV Oy
Quark propagatar s (p)= Z<q(x)q(0)> % g=u,d

Evaluate: T¥(p.p')=Tr[S,(p) "G (p.p")Ss(P') *P: |

P P

Impose the conditian “1prud M =0 _
g 2.2, T (p.p) ‘ 22 = “U,>0": take valence & sea
" , 0 {(y ) S(p)™ } ke 4 chiral limit
with:
112 p’ 22 (Aoen <<k <<m/a)

Martinelli, Pittori, Sachrajda, Testa, Vladikas, NPB 1995
Gimenez, Giusti, Rapuano, Talevi, NPB 1998



O(a) improvement ¢ Asymptotic O(a)-improvement at largé pnd y, —0
Becirevic, Gimenez, Lubicz, Martindlli, Papinutto, Reyes, JHEP 2004

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

¢ Increase the statistics by taking the average:

Zp =2y +Z7)12
—_ u d
Z,=(Z+2Z3)2

@ For the scale dependent RC: Z(p) = C(p) Z2°¢

o( p)
[day(a)/B(a)

where: C(p)=e ( N2LO for Z;, N3LO for Zg, Z;,)

Gracey, NPB 2003
Chetyrkin & Retey, NPB 2000 S



The Goldstone pole:

® The pseudoscalar vertex couples to the PGB pole:
M= AGY) +B() Y 4
mqp Cudell, Yaouanc, Pittori, PLB 1999

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

m.I'.(m,)—m._I'.(m or
F|§UB: 1 P( 1) 2 P( 2)=Fp(m1)+m1 P —A+...
m,—-m, om,
Giusti, Vladikas, PLB 2000

In our analysis both methods give compatible result

® Scalar vertex (twist): the PGB pole is suppressed by a factédr O(a



Subtract O(a2g?) perturbative terms from RI-MOM vertices:

O(a?) corrections to the pmpagat@gcm(l bilinears of clover
fermions with S}-'mé-ué@&i"k‘ improved gluons
\\
C
M. Constantinou | V. (iitlu'-lli\((.\\:. Lubicz® D. Palac | H. Panagopoulos . F. Stylianou

- Numerical application of the O@) subtractions using two choices fér g

() 9°=6/p
(i) g*(boosted) = g/ <U, .

- 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. 7



Z,: valence & seechiral limit
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(after subtracting the Ofg?) termg
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1.00

Check for finite volume effect:
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Scale Independent RCs: alternative methods
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Consider the valence action ) .,
In the physical basis © Spa =a’ Z U(z)(YV — ivs T Wer + pg) ()

with: Wer = =532, ViV + Me(r = 1)

pg = diag(py 1a) r = diag(ry 7q)

Tw = Tqg = =1 OS case
Ty = —Tqg = =1 tm case

Make a chiral rotation back to the twisted basis

tm case OS case
(u,d) = expli(ys73m/4)| (v, d) (u,d) = expli(vsm/4)](u',d)
Then for a renormalised bilinear operator we have:
Zof(O ) ZO (O )77 4+ 0O(a )
OS case tm case
( "IR),u ud — Z,.‘L "l,u, ud — Z,-i "l# o (*’ilH),u,,ud — Z’if filp,,ud ?:ZV LT”, e
( ),u, ud — ZVLIU.' ud — ZVL'M ud ( ;R)qu,ud — Z_&L!p,ud — ?’Z«-'l Flp, ud

(PR)ud — ZSPud — ?’ZSSud (PR)ud — ZPPud — ZPPu




Consider the matrix element; =< 0|P|7 >
In the two regularisations

For the renormalised values we set the condition
(go=]*™ = Zp[gp2]™ +0(a®) = Zs[g,]?® +0(a?)
from which, at the chiral limit, we obtain the valok z/ Z
Consider the pseudoscalar decay constaht two regularisations
f22 = 2u,9./m’  (no renormalisation constant is needed)

(0]Ao|m) (Z, is needed for the renormalisation)
My

fOS —
We use the equality of renormalised quantities up (@) terms:
[faz]®™ = fEE+0(a®) = Zaf7” +0(a?)
and in the chiral limit we obtaid ,

Use of onlytm quarks and WI yield&,, :

(111 + p2)Cpp(@o)
0C aop(zo)  Ix—limit

V= 18



L.5

14

1.3

1.2

L.1

0.9
0.8
0.7
0.6
0.5

L s E{
__ 'EIIE &%{_}_{ L
I $ }{ 0sl- .§i§$§§§ii?¥{§§$jiig—
B '.lllI‘Lﬂ—i—i—Hﬁ—E i 0_5__ li!ilii—H—#—i—H—i—LEEEE_
i +;F
04 0505 04 05 05 07 03 ov O 03 04 03 0607 o8 o5
ZX/T 2)& /T

Quality of plateaux

[ = §I§§§§§§§§§§§£§§§ ~ | [
: i o -siiigiii§§§£{§i}{f}$§iii§ii5‘

T e R e 1.1 e e e S REE R —
- ® 4 P =4.05 (shifted by +0.20)| ] I ¢ P-405
B ® B=39 ] 1= e B=390|
m P =3.80 (shifted by -0.20) | | 3 = B=380
- - 09 .
] [ ]
N * ]
I w08 & —

min —_—
( sea a’ll _ alZ)
at the minimum value of the sea
guark mass for each valuef

19




Valence & Seechiral limit
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B=3.80

Z,-RI-MOM vs. Z,-indirect
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RESULTS

3 lin. fitin p° =/ o =ub. lin. fik in p° with sub. T inckow™ with gub. lalbtbative toethod |
380 060 [23(4) = 1077 OA00(E) [12(4) = 1077 0B21(4) [ 0.5218( ) I
Fer 390 0.635(T) [28(4) = 1077 0.B258(T) BL) = 10— 0A33(3) | 0.B103(3) [
408  0GTO(9) [19(T) = 1077 0.8A3() [—2(T) = L0~3] OB I 0.B451(3) |
] l
_ . . _ . . i | N 1
280 O.T62(11) [L1{&) = 10—3 OT48(11) [—2(a) = 10— QT32(8) 0.747(22) !
Z 3090 O.TH(11) [LO(@) = 10— OT45(11) [—2(a) = 10— OT3A() I 0.T43(18)
4.08 072311 [—TIE) = 1077 0.TEA(11) [—28(8) = 1077 QLT () I O.TA8( 1) I
I |
I |
380 0.838(17) [TH(8) = 10-7 O.885(17) H1i8) = 10—7 | O.49E( 22) |
Zep/Ze 290 0822(18) [TO(E) = 103 0.A03(18) [ATIE) = 10—7 I QLETO 1) |
4.08 O84S 20) [TO(16) = 10— 088420 [41(18) = 103 I CLBAL( 1) I
= |
280 0AX0(18) [LT(T) = 10—F O.A01{18) [2308) = 10—7 QAR L)
Zallfa) 390 0A44(11) [12(&) = 10—F D.B2TI1Z) [2808) = 10—3 OBAAN)
408 0AM(L4) [23(12) = 10—F]  0A23(18) [45(13) = 10-3] 033 2{) /_\
280 0.A22(10) Bdid) = 1073 0.218(10) [B2(d) = 10— 0,200 14)
Te(lja) 290 0AT(0E) [sid) < 107F] 0.ATA0E) [ad) = 10— 0,383 12)
408 0414(11) ATIT) = 10—F]  0.411{11) [B8(T) = 10—3 0.412(13)
280 O.TST(LO) [L2(8) = 103  0738(10) [—3(5) = 1077 O.730(5)
Zrilfa) 290 0.TS2(0A) [LA(8) = 1073 0731(09) [—2(58) = 1073 0.730(3) 7 _ Indirect
408 0.7(13) [—T(9) = 1073 0.TTI(LT) [—23(9) = 10— 0. 756 P
280 O.TER(0T) [2T(4) = 1073 OTR(OT) [L(4) = 10T O.785(4)
Zgllja) 390 O.TTLOT) [24(4) = 107 OTATIOT) [O4) = 1077 O.TST(3)
408 0.79T(12) [L8(9) = 1073  O.TETILZ) [—10(9) = 10— OTTT(S)




We provide the final results from the RI-MOM cdhtion using a
linear fit in (&p?) after subtracting the estimated Ofg?) contributions.
The reasons for this choice (instead of thewmdow” method) are:

(a) the small difference in the values qf Zetween RI-MOM and the WI
method.

(b) the fact that, with this choice, the final réswdre practically the same

either using the4fboosted) or the gvalues in the calculation of the
O(efg?) terms.
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FINAL R

-MOM RESULTS

] lin. fitin p° /o =ub. lin. fit in p° with sub.  |"p window” with sub.  albernative tmethed
280 0B0A(E) [23(4) « 1077 OUBOO(E) [12(4) =« 1077 OAZ1(L) 0.5218( )
T 390 0.635(T) [28(4) « 1077 0.625(7) B(4) = 10~F 0A3Z3) 0.B103(2)
405 0ATO() [19(T) = 1077 0.882(3) [—2(T) = 10—7] 08B 2(3) 0.6451(2)
280 OTE2(1L) [LL(8) =« 10-%] | 0T48(11) [—2(8) = 10-7] 0.T32(5) 0.747(22)
9 200 OTHA(11) LO(E) « 10-F] | 0T48(11) [—9(8) = 10-F] 0.734(4) 0.T43(18)
405 0.793{11) [—T(8) = 10~ | 0.724(11) [-26(2) = 10~ 0.76 2(8) 0. 748/ 1)
280 OS3B(LT) [TH(E) « 10— | 0.885(17) [H1(8) = 10—7 0,496 22)
Tp/Ts 300 0.822(18) [fo(8) « 10-3] | 0.802(18) BT(E) « 10—3] 05T 19)
4058  0.842(20) [TO(18) = 10-%] | 0@54(20) [41(18) =« 10-F] 0.831(21)
380 0B20(18) [LT(T) = 10-% | 0.801(18) [23(28) = 10—7] 086 1(8)
Tellja) 390 0844(11) [12(8) = 10-3] | 0.62T(1Z) [28(8) = 10—3] 0BB2(5)
408 0B834(14) [33(12) = 10-%] | 0823(18) [45(12) =« 10-F] 0183 25
280 0.322010) BA(4) « 1077 | 0.218(10) [52(4) « 107 0,200 14)
ZTe(lja) 290 02TS(0E) [B5(4) = 103 | 0.372(08) [L2(4) = 103 0.243(13)
408 0414{11) BTIT) = 10-%] | 0.411(11) [55(7) = 10—F] 0.412(13)
280 OUTSTIL0) [L208) =« 10~ | 07a8(10) [—3(5) = 107 0.T30(5)
Trilja) 290 0TS0 [L3(8) = 1077 | 0731(09) [—2(58) =« 1077 O.TA0(3)
4058 0.74(13) [—T(9) = 1073 | 0.779(1Z) [-23(9) = 10T 0.T53(E)
480 OTES(0T) [BTI4) = 10~ | 0753(07) [L(4) = 107 0.T55(L)
T.llja) 290 OTTLOT) [24(4) = 10— |  ©75T(0T) [Ofd) =« 107 OTST()
408 0.TIT(1Z) [L8(2) « 10~ | 0.7T(1Z) [—10(F) = 10~F] OTTTIS)
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N; = 2+1+1: RCs for the bilinear operators

New (special) production runs with3\t.
Relax the accuracy of am.~ 0.005-0.010; from the NO 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 unttuenched case. Therefore, the final

error of the Z's, which is of order of 1%, will hbe substantially affected.
Plans for the near future are for the calculadbbthe RCs at
p=1.90
L=24,T=48

(the choice of the temporal extension reflectsiibed to be sure about the pion state isolation

and therefore get a safer estimate fopgin

Aoy = 0.0060 0.0100, [or 0.0120]

.= 0.0060, 0.0080, 0.010 20, 0.0140, 0.0160 ...

Thermalisation is already under mi.gea

for it we already have (massive-scheme)
estimates of the RCs calculated in the
N;=2+1+1 theory.

value will serve for a useful comparison, since
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