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Introduction

Ingredients : Mixed-actions setup

@ valence : Neuberger fermions

Giusti et al. (2003-2006)

@ sea : Ny =2 O(a)-improved Wilson fermions
— use of CLS gauge configurations

Del Debbio et al. (2006, 2007)

What about observables when sea and valence masses don’t belong to the
same chiral regime ?

Matching of ChPT and Lattice QCD

Benefit from testing different chiral regimes

— reduce systematic uncertainties.
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Introduction

Advantages

+ Chiral symmetry preserved in the valence sector
+ Overlap — well-defined topological charge
+ Wilson — all topological sectors are sampled

+ Renormalization easier (no operator mixing)
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Introduction

Advantages

+ Chiral symmetry preserved in the valence sector
+ Overlap — well-defined topological charge
+ Wilson — all topological sectors are sampled

+ Renormalization easier (no operator mixing)

Disadvantages

— Overlap — numerical cost much more higher than Wilson
— Possible large unitarity violations

Diirr et al. PoSLAT 2007
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Finite volume scaling and chiral regimes
Generalities

p-regime

Applicable if : ML > 1, 4rF > L~ !
Standard ChPT in finite volume : m ~ p?, L'~ T '~p

Gasser and Leutwyler (1983, 1987)

Mass and volume effects are relevant.
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Finite volume scaling and chiral regimes
Generalities

Applicable if : ML > 1, 4rF > L~ !
Standard ChPT in finite volume : m ~ p?, L'~ T '~p

Gasser and Leutwyler (1983, 1987)

Mass and volume effects are relevant.

e-regime

Applicable if : mXV ~ O(1), ML ~ 1, 4rF > L'
Reordering of the chiral expansion : m ~p* ~¢*, L'~ Tl ~e

Hansen (1990) — Hansen and Leutwyler (1991)

Volume effects are relevant, mass effects are suppressed.
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Finite volume scaling and chiral regimes
ChPT in the e-regime

Pion zero-momentum modes become non-perturbative. Factorization :

U = Upe**/F with /&xﬂm:o

= “Exact” factorization of the lagrangian :

&Mmm:/fwnmwm—%ﬁﬂM%+WM.

usual perturbative treatment non-perturbative integration

The integation over the zero-modes manifold can be done exactly via master
integrals.

Topology plays here an important role : it becomes here an extra scaling
variable.

— compute observables at fixed topology.
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Pseudoscalar correlator in ChPT

N, valence quarks with mass m, and Ng sea quarks with mass m

Pseudoscalar correlator

THTT?|C (t) = / &BF (PY@)PP(0)),  P* = T st

T generator of the valence group SU(NV,)

— ChPT predictions at NLO in finite volume V = L3T.

2 _ 1 eip'z
G(-’ryM) = V;pQ“y‘MQ’
1 ip-x
E (x,M(f:MbQ) = V ° N N )
P (p2 + ME)(pQ + Mb2) (p2+1€43v + p2+]é\;/lszs)
= 1 eP®
G = =
@ = 7L%
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Pseudoscalar correlator in ChPT
p-regime

Take all masses in the p-regime

MgV > 1

o) = 2% cosh [Myy,e (t — T/2)] . Mleg = M2, (1+An)
F2 2Myy e sinh [Myy o T/2] Soft 2 (14 Ax)

NLO chiral corrections on the mass and chiral condensate

E(0,M;,, Mz,) 8

Ay = T D (NG M, + NoM2,) (Ls — 2Le)
+ Mj, (Ls — 2Lg)]
Nv ]\/v5 E O?MEU?ME’U
e _ﬁG (0,M},) — FQG(O, M) + %
1
+ 2o [(NoM2, + NM2) Lo + M2, L]
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Topological zero-mode wave functions

Spectral decomposition of the propagator

For correlators computed in fixed topological sectors, exact poles in 1/m™ may
appear when some propagators are saturated by zero-modes :

1 vi(z)v] (y) vi(z)v] (y)
Doy = Z mV * Z N+m)V

i,zero—modes i,non zero—modes

— One can match the residues instead of the correlators themselves in the
e-regime.

Res,
Colx—2zy—=z2 = W7
Res, = 7}3{}110 (mV)" Cy (x — 2,y — 2)

Giusti, Hernandez, Laine, Weisz, Wittig (2004).
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Pseudoscalar correlator in ChPT
e-regime

Take all masses in the e-regime. With the spectral representation of the quark
propagator :

lim (mV)? C%(z) = Tr [TaTb] Ay(z) + Tr [T Tr [T A, (z) J

> OO

“Connected” (left) and “disconnected” (right) external flavours contractions.

Damgaard, Hernandez, Jansen, Laine and Lellouch (2003)

Amplitudes
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Pseudoscalar correlator in ChPT
e-regime

Giusti, Hernandez, Laine, Weisz and Wittig (2004)

Mms,wnV ~ 1, N =N, + N;

C2% (@) = O + aaGl(z) + BalG ()Fw/dw(z— )G () + ead(®)

Time derivative of the residues in 1/m?

lim (mv)? § [d'50@) = A,

éiino(me% / dPzc’(xz) = NA(t)+ N2A'(t).
Let 7 =1t/T:

P = 2 N o)+ g )]

Paw = A b)) + ey )]
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Pseudoscalar correlator in ChPT
e-regime

Hy(r) = —(1+NJv|)N? 51T*£Vh’1(7) + [N(6— N?)|v| +4
+N2(20% — 1)) () + [N (2_ N7> |+ 1+ %] i),
Hy(r) = —(N+|)N 2*Bl\rhl() (44 N?*)|v|+2N(2+ )
_NB} hoy(T) + [<1+N7> \u\+2N—N7:| g1(7).
1 1\? 1 10, , 1
hi(r) = 2|:<7'—2> 12:| ha(T )*ﬂ[’T (r—=1) —%}
2 3 1/2
_ cosh [|p] (T — 1/2)] _ 9
n) = o+ SRR ] e {z_:"]

740

= Only depends on F at NLO!!
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Pseudoscalar correlator in ChPT
e-regime

Expansion around z=7—-1/2=0

ﬁA/(t) = D,z+C.2° 4+ 0(2°),
1 -, _ -
ﬁA (t) = D,z+C.2°+0(°).

_ B1 T2 2+ N?
D= N(FL)Q{ +8 (1-8 ) + o [ (B

+ )+C2<(6 N? |u|+—+N(V —1))”,
5 2IV\ T2 4— N?
b = -gombs{@vem(1- sz)mmv (%5

N2

+2;N >+C2(4—|—2u2 %‘V‘+N|I/|):|}

with
N S 11 1

S S T D e S TE)
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Finite volume scaling and chiral regimes
ChPT in the mixed regime

Let's consider now N, valence quark in the e-regime and N, sea quarks in the
p-regime = partial-quenching.

Valence pion zero-momentum modes still non-perturbative but factorization

becomes :
- T* generator of SU(Ny)
Uop 0 28, 4 a 1,

s

Power counting

p o~ Ou~Ene
Lt ~ 7~

Bernardoni and Herndndez (2007),
Bernardoni, Damgaard, Fukaya, Hernandez (2008)

Grégory Vulvert Probing the N ¢ 2 chiral dynamics in the mixed regime



Pseudoscalar correlator in ChPT
Mixed regime - Full theory

myXV ~ 1, m;3XV > 1, Mﬁ = IXL M,

o (z) = Cy+a§1>é(x)+a£2)@(%M3)+°‘¢(13>d]\(i[szs
+ 6 [GG@)] + 62 [G (2. M) + B9 [G (2, M2)]?
+AVG@E @47) + [ty [0 66 - nEw)

+ 229G (o~ 3, M2) G (4, M2) +99G (@ ~2) G (4, M2)]
+ £40(x)

[MEG (w, My)]

Time derivative of the residues in 1/m?

. d 3 5 vaa _ 1 /
lim (mV)? § [d'5C2@) = G40,
hm (mV)? (? /d3 C®(x) = N,A'(t)+ N2ZA'(t).
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Pseudoscalar correlator in ChPT
Mixed regime - Full theory

MuEV ~ 1, mZV > 1, M7 = Je M2,

d
dMZ,

+ 80 (GG >]2 +/3‘2> G (. M?)}z o G (o, M)’
+BOG@G (oM7) + [ a'y [Wa@ - 1))

Cr(z) = Cu+ 04511>G(z) +a?a (=, M,?) +al® [Mfsé (z, Mg)]

+ 20G (o= y, M2) G (4, M2) 410G (@ ) G (3, M3)]
+ £q9(x)

Effective couplings

¥ = z{pﬁ[NG(HNG(OMS/z) (000)716L6NMSS]}
F = F{l—%[NUG(O)JFN_SG(O,Mfs/z)—8L4N3Mfs]}
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

How to get quenched results from the full ones?

@ Supersymmetric method : add N, spin 1/2 bosons with mass m,, to
cancel the fermionic loops. Zero-modes integrals performed now with the
supergroup U(N|N).

@ Replica limit : keep N, dependence explicitly and take the limit N, — 0
add the very end of the computation. Zero-mode integrals as for the SUSY
method.

— both methods equivalent at any order. We checked the consistency of the
results in our computation.

Quenched propagator

2
E(2,0,0) = 2; G(x)+217\?

F@) = $3.°

— double poles as expected due to unitary violations.

F(z),

ip-x

pt

A\
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

Cz) = C+aPC@)+6PE@) + 8D [G@)* + B2 [E ()
+ B9 [G (z, M2/2)]? +5(4>G( )E( )

(
- /d4y [5

+ AE (@ - y) B (y)] +£a8(2)

Effective couplings

MGz —y)Gy) +7P G (z —y) E (y)

N,
Fa F? {1 E [G (0, M2/2) — 8Ly MSJ}
Qe 1 1
2N, N, {1 — 25 [N:G (0,M5,/2) — 8L Mgs]}
2 2 >
mo, eff Mz 1 [N? ) ,
2N, N {1 F2 |: N, G (07 Mss) — 16 Mg (NsLG

+ NsL7+ Ls)l}
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

D, = % {IVI + ;chf - m {—ﬁlp’3/2+ (;2 + 8]|V”S| +3
+ 2 - 2<V2>eff) G+ (% + % + %) "
+ Q%TQ (Ni + \V\) (72 — 4¢) + (%)2# (13 + 4¢a)
- Db (22| |

{*)

Using the Witten-Veneziano formula at LO : mgF? = 4N~

2
To compare with Giusti, Herndndez, Laine, Weisz, Wittig (2004) : ‘\‘Y ~ O (Fl) % ~ O (64)
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

Statistics

Lattice | Total # conf. | # of conf. by topological sector
v=1 v=2 v=3 v=4
D4 117 43 18 31 25
D5 129 40 43 23 23
D6 153 85 43 25 -
a ~ 0.065 fm,
Vo= 24%°x48.
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Pseudoscalar correlator in ChPT

Mixed regime - Quenched case

7 T T T T T T T T T 7 T T T T T T T T T
L B S — B
[ £ P o= v=2 !

. = 1 I V=3 —— .1

51« = 1 5T 3 « et —— = 1

1 = = 1 - -
4} o= = 4} = [ ]
II x! IX II ES x
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Pseudoscalar correlator in ChPT

Mixed regime - Quenched case

T T T T T T T T T T T T T T T T T T
04 11 Ii i« 0.4 | 1 4
03| i II B 03| N i
fa T
02} gt R 02} 111 R
£t st Fad 3
0.1 F f® B 0.1 = 2
!/III _u,szIIIHI ,,xx""xxl
04 . = 4 0+ 4
k3 FEEEEEET xx=T
it T sE=ET
o1 | HEEE et g 04 F zgeer = R
e E
02+ II II 4 0.2 | 11 -
[ R
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

Temporal dependance of the residue of (PP)

lim m”Cy(t) = aw + 2B1ha(t) = e — 'f; + B, (

2 3
1 t 1
T~ 5) +0 (T - 5)
— fit of the time derivative of lim0 m?C, (t) with functional form from mixed
m—
regime computation.
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

D6

— Bad convergence domain in the mixed regime.
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

To compare with results from the e-regime :

Giusti, Hernandez, Laine, Weisz, Wittig (2004)

L [fm]
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

By vs. L for different values of |v| — Mg = 150 MeV, p=1

10 T T T T T T T T T T T -
— [y =1
— vl =
— =3
5 — |v| =4

L [fm]

Solid : LO - Dashed : NLO.
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Pseudoscalar correlator in ChPT
Mixed regime - Quenched case

By vs. L for different values of |v| — Mg = 150 MeV, p =2

10 T T T T T T T T T T T
— [y =1
— vl =
— =3
5 — |v| =4

L [fm]

Solid : LO - Dashed : NLO.
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Conclusion

Mixed action simulation is a tool to investigate QCD at low energy
— Exact chiral symmetry with less numerical cost

Explore “unusual” chiral regime : mixed regime

Lattice artifacts can be very easily checked : use of ChPT at finite lattice
spacing

o Allow to extract more precisely X, F' and L;'s

Role of the charm in AT = 1/2 rule

Weak LEC's : K — 7m decay

Grégory Vulvert Probing the N ¢ = 2 chiral dynamics in the mixed regime





