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Chiral Perturbation Theory I

Degrees of freedom: Goldstone Bosons from Chiral
Symmetry Spontaneous Breakdown

Power counting: Dimensional counting

Expected breakdown scale: Resonances, so M, or higher
depending on the channel

Chiral Symmetry
QCD: 3 light quarks: equal mass: interchange: SU(3)y

But Locp= »  liqrPar +iGrPar — mq (GraL + Grar)]
q=u,d,s

So if mg =0then SU(3)r x SU(3)rg.
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Chiral Perturbation Theory I

(@9) = (qLqr + qraL) # O
SU(3)r, x SU(3)r broken spontaneously to SU(3)y

8 generators broken — 8 massless degrees of freedom
and interaction vanishes at zero momentum

Power counting in momenta:

p> (p*)* (1/p*)?p* = p*

2\ (1/n2) ph —
[ty y (p?) (1/p*)p* =p
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Two Loop: Lagrangians I

Lagrangian Structure:

2 flavour 3 flavour 3+3 PQChPT
p2 F,B 2 F(),B() 2 F(),B() 2
p* ' Rf 7+3 LT HT 10+2 LT HT 1142
p® ¢ B3+4 Cr  90+4  K!I  112+3

p2: Weinberg 1966
p4: Gasser, Leutwyler 84,85
p6: JB, Colangelo, Ecker 99,00

Eurodaphne Il/Euridice (PQChPT)
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Constructing L agrangians I

Easy part:

#® Construct a complete set of needed basic objects

o Often useful to make everything transform under H
alone (conserved part)

# Construct all terms up to the order you want
Tricky part: finding a minimal basis

# Field redefinitions or equations of motion

# Partial integration

# Cayley-Hamilton identities

# Bianchi identities, det x Is also chirally invariant

Final check: can | determine all from experiment?

Kazimierz, 25/8/2006
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Constructing L agrangians I

Infinities:
the general divergence structure can be derived using heat
kernel methods and/or background field methods.

Very useful for checks on calculations

Partially Quenched and Three Flavours at Two loops
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What 1s Partially Quenched? I

In Lattice gauge theory one calculates

(0|(Tysd) () (dysu)(0)])

i | d*uLl

d*yLocp

/ dq||dq] [dG]E%u(O)eZ /

for Euclidean separations «
Integrals also performed after rotation to Euclidean
(note that | use Minkowski notation throughout)
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What 1s Partially Quenched? I

) / d4y£QCD

X

/ dq)[d)[dG) (7y5d) () (@51) (0) ¢

/ [dG)e! S Fe=YHCE™ (pu) =L 0)(PE)7H0,2) det (D) gep




What 1s Partially Quenched? I

i | d*yL
/ [dqnda][dG](md><x>@%u><0>e/ R

/ [dG)e! S Fe=YHCE™ (pu) =L 0)(PE)7H0,2) det (D) gep

/[dG] done via importance sampling




What 1s Partially Quenched? I

i | d*yL
/ [dqnda][dG](md><x>@%u><0>e/ R

/ [dG)e! S Fe=YHCE™ (pu) =L 0)(PE)7H0,2) det (D) gep

/[dG] done via importance sampling

® Quenched: get distribution from ¢i/ d'z(=1/9)GG" gnly
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What 1s Partially Quenched? I

i | d*yL
/ [dqnda][dG](md><x>@%u><0>e/ R

/ [dG)e! S Fe=YHCE™ (pu) =L 0)(PE)7H0,2) det (D) gep

/[dG] done via importance sampling

® Quenched: get distribution from ¢i/ d'z(=1/9)GG" gnly
# Unquenched: include det (LDG)QCD VERY expensive
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What 1s Partially Quenched? I

i | d*yL
/ [dqnda][dG](md><x>@%u><0>e/ R

/ [dG)e! S Fe=YHCE™ (pu) =L 0)(PE)7H0,2) det (D) gep

/[dG] done via importance sampling

® Quenched: get distribution from ¢i/ d'z(=1/9)GG" gnly
# Unquenched: include det (LDG)QCD VERY expensive

» Partially quenched: (%) (x,0)(p%)~ (0, x)
DIFFERENT Quarks then in det (12¢)qcr,
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What 1s Partially Quenched? I

Why do this?

# s not Quenched: Real QCD is continuous limit from
Partially Quenched
# More handles to turn:

» Allows more systematic studies by varying
parameters

» Sometimes allows to disentangle things from
different observables

® det (Dg)qep: Sea quarks
® (D) Hx,0)(PL)~1(0,2): Valence Quarks

Kazimierz, 25/8/2006
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What 1s Partially Quenched? I

Why not do this?

It is not QCD as soon as Valence+#£Sea
not a Quantum Field Theory

No unitarity

No clusterdecomposition

No CPT theorem

No spin statistics theorem

© o o o o @

Kazimierz, 25/8/2006
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What 1s Partially Quenched? I

Do anyway

# Cheap computationally

# Allows extra studies

# Hope it works near real QCD case

o |s a well defined Euclidean statistical model
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ChPT and Lattice QCD I

Mesons Quark Flow Quark Flow
Valence

Q-0 . 0 ..

Valence is easy to deal with in lattice QCD
IS very difficult

They can be treated separately: i.e. different quark masses
Partially Quenched ChPT (PQChPT)

Kazimierz, 25/8/2006
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PQCHhPT at Two Loops. Gener al I

Add ghost quarks: remove the unwanted free valence loops

Mesons Quark Flow Quark Flow Quark Flow Quark Flow
Valence Valence Ghost

Q-Q., 0, 0.0

Possible problem: QCD — ChPT relies heavily on unitarity

Partially quenched: at least one dynamical sea quark
— O Is heavy: remove from PQChPT

Symmetry group becomes SU (n, + ng|ny,) x SU(ny + ngny)
(approximately)

Kazimierz, 25/8/2006
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PQCHhPT at Two Loops. Gener al I

Essentially all manipulations from ChPT go through to
PQChPT when changing trace to supertrace and adding
fermionic variables

Exceptions: baryons and Cayley-Hamilton relations

So Luckily: can use the n flavour work in ChPT at two loop
order to obtain for PQChPT: Lagrangians and infinities

Very important note: ChPT is a limit of PQChPT
— LECs from ChPT are linear combinations of LECs
of PQChPT with the same number of sea quarks.

Eg L?1° _ LS(SPQ)/Z i L"{(SPQ)

p.15/36
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PQCHhPT at Two L oop I

Subject started.:
valence equal mass, 3 sea equal mass:

m72T+: JB,Danielsson,Lahde, hep-lat/0406017

Other mass combinations:

F_+. JB,Lahde, hep-lat/0501014

Fy+, m%, two sea quarks: JB,Lahde, hep-lat/0506004
m72T+: JB,Danielsson,Lahde, hep-lat/0602003

Neutral masses: JB,Danielsson, hep-lat/0606017

([ heavy use of FORM Vermaseren

[1 use PQ without super &g in super-
Actual Calculations: < symmetric formalism

[] Main problem: sheer size of the ex-

pressions
\
Iso breaking from lattice data: « and L extrapolations needed
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L ong Expressions

¢
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q
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L ong Expressions

"1((.)033 = mie Ly [4/9xnxa — 1/2x1x3 + XT3 — 13/3X1x13 — 35/18 o] — 216 LT X35

— 6 L [11/3Xyx4 + XT3 + 13/3X2] + 716 Ly [4/9x0xa — T/12Xaxs + 11/6 X35 — 17/6 Xaxas ,,1-;/%)(2}
+ mis [—15/64xyxa — 59/384 x1xs + 65/384 XT3 — 1/2X1x13 — 43/128 2] — 48 LLLL Xaixas — T2 L X7
— 8L x1s + Alxp) ™6 [—1/24 X, +1/48 %1 — 1/8x1 R, + 1/16 Y1 R, — 1/48 R? x;, — 1/16 RY, X,
1/48 R, xn +1/16 RS x13] + A(xp) Lo [8/3 R, xp +2/3 R Xy +2/3 RE] + A(xp) Ly [2/3 RE, X
5/3 Ry xp +5/3Ry] + Alxp) Ly [-2X1X0m0 — 230 RY, +3x1 By + AQx) Ly [=2/3X00, — Rb, xp
1/3 R, xq +1/2 Ry xp — 1/6 R xg] + + A(xp)? [1/16+1/72 (R ,,,,) —1/72 R, Ry +1/288 (1?;,)2]
A(xp)A(xps) [-1/36 RE, —5/T2 RY, +7/144 Rg] — A(xp)A(xgs) [1/36 RE, +1/24 R, +1/48 Ry
(x,r) A(xy) [=1/72RE, Ryys + 1/144 RyRy 5] + 1/8 A(x,) A(as) + 1/12 A(x,) A(xas) Ry,
A(xp) (x Xpi0) [1/4x, — 1/18 R, Re x,, — 1/72 RE, RE + 1/18 (RS)* X, + 1/144 RS RY)
A()B(xps X 0) [1/18 R, Ry xp — 1/18 R Ry x| + A(xp) B(Xay Xg30) [-1/T2 R, Ry + 1/144 RyRY)]
1/12 A(xp) B(Xpss Xpsi 0) REy Xps — 1/18 A(xp) B(x1, X33 0) R, Ry xp
1/18 A(xp)C (Xp» Xp» X3 0) RERS Xy + A(xpi€) 6 [1/8 XaR, — 1/16x1 R, — 1/16 RS X, — 1/16 Ryl]
(xm)m [1/16 Xps = 3/16 Xgs = 3/16 X1] — 2 A(Xps) LG Xps — 5 A(Xps) L5 Xps — 3 Alxps) L X1
A(xps) Ly x13 + A(xps)A(xy) [7/144 R}, — 5/72 R}, — 1/48 R}l +5/T2 R}l — 1/36 Ry
A(xps) B(xps xp30) [1/24 RE, X — 5/24 RE, Xps] + A(Xps) B(Xpy X3 0) [~1/18 R RE, X
1/9 RYRiy Xps] — 1/48 Alxps) Bxgs Xa: 0) Ry + 1/18 Axps) B(x1, x3:0) R, X
1/9 A(xps) B(x1, X3 0,k) R, + 3/16 A(xps;€) T [Xs + X1] — 1/8 A(xpa)® — 1/8 A(xpa) A(Xp6)
1/8 A(xpa) Alxas) — 1/32 Alxpo)* + Alxn) mis [1/16 X1 Ry — 1/48 Ry Xy +1/16 Ry xas)
Axn) Ly [4R15 X0 +2/3 Ry xn] — 8 AQxy) LT Xy — 2A0xy) L X + Alxy) Ly [4RT5 Xy +5/3 Rz
A(xn) L [4xn + X1 Rins] — A(xn) Ly [1/6 R, xq + Ris xa3 +1/6 Ry x| + 1/288 A(x,)* (Ry3)°
1/12 A(x)A(xa6) Riys + Axy) B(xp Xpi 0) [~1/36 Xomi = 1/18 RY, R}, + 1/18 R} Ry X,
1/144 RyRps] + A(xg) B(Xps X3 0) [—1/18x;’;i’+1/18 Xoni + 1/18 (R}, Ry X)
— 1/12 A0x) B(xpss Xps:0) By Xps — A(xn) B xn:0) [1/216 Ry x4 + 1/27 RYy5x6)
— 1/18 A(x»)B(x1. x3:0) R””R,mx” + 1/18 A(xy)C (Xps Xp» Xpi 0) R;{I,R;fx,, + /i(x,'v)'rw [1/8 Xy
— 1/16 X1 Ry — 1/8 Ry xy — 1/16 Ry5x,] + A(x1)A(xs) [-1/72 RY, Ry +1/36 R}, RY, +1/144 R{ Rs)
— 4A(x13) L xis — 10 A(xas) Ly xas + 1/8 A(xas)® — 1/2 A(x13) B(x1, x3; 0, k)
+ 1/4 A(xaz5¢) mie xas + 1/4 A(xaa) A(xaa) + 1/16 A(x16)A(xas) — 24 A(xa) L7 xa — 6 A(x4) L x4
+ 12A(x) Ly xa + 1/12 A(xa) B(xps xy'U)(HS’”)’m + 1/6 A(xa) B(xp X3 0) [RY, Rpy xa — R, Rily xa)
— 1/24 A(xa) B(xns X3 0) Ry xa = 1/6 A(xa) B(x1, x3:0) R, RS, xa + 3/8 A(xa;€) mi6 xa
— 32 A(xa6) LY xa6 — 8 A(xa6) Lh xa6 + 16 A(m)L; Xas + A(xa6)B(xps Xpi 0) [1/9xa6 + 1/12 R}, xp

+ 1/36 R, x4 + /JRHM] + Azl(x,ib)B(x,,.x 0) [*l/lSRm,m l/JRbeJrl/QF[(beJr 1/1 Sme]
— 1/6 A(x16) B(xp X0; 0, k) [Rj}, — R3] + 1/9 A(xa6) B(xy X3 0) Riyys Xa6 — Alxa6)B(x1, X35 0) [2/9 xa6
1/9 Ry x6 + 1/18 Ry xa] — 1/6 A(xae) B(x1, x3; 0, k) Ry + 1/2 A(xa6:€) 716 Xa6
B(xps Xp3 0) 16 [1/16 X1 Ry +1/96 Ry xp + 1/32 Bt Xq] + 2/3 B(xp» X3 0) Ly R xp
5/3 B(Xps Xp3 0) L RS Xp + B(xpr X3 0) Ly [=2 XaX200Xp — 4 X1 R, Xp + 4 X1 RS Xp + 3 X1 Ryl
B(Xp Xp3 0) LE [—2/3X70 X — 4/3 R X2+ 4/3 RS XE + 1/2 Rl xp — 1/6 Ry )
B(xps Xpi O)L,) [4X1X28, + 8 X1 RY, Xp — 8 X1 RS Xp) + 4 B(xpy X3 0) L (RY)?
B(Xpr Xp3 0) Ly [4/3X005 +8/3 RE, X3 — 8/3 R 3] + B(Xp: Xp; 0)* [~1/18 RE, RS x;, + 1/18 RyRi X,
1/288 Rﬂ)ﬂ + 1/18 B(xp» Xpi 0)B(xp> X3 0) [Ryl, R xp — RT3 Ry

plus several more pages

+ o+ o+ o+ o+

an’tq

‘qq 'gs

+ o+ o+ o+

ll

+ o+ + + + o+

ln

T T S S e o

¢
=
.
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Why so long expressions I

o Many different quark and meson masses (y;;)

# Charged propagators: —z’ng(k) = kz_;jﬂg (1 # 7)

» Neutral propagators: G7;(k) = G§;(k) 0ij — = G, (k)

nsea

Kazimierz, 25/8/2006
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Why so long expressions I

o Many different quark and meson masses (y;;)

# Charged propagators: —z’ng(k) = kz_;jﬂg (1 # 7)
G;(k)

» Neutral propagators: G7;(k) = G§;(k) d;j —

nsea

c 7 n
— Gq (k) (k2— >}§+zs)2 + k2 };(ﬁzs T k2 }27:+7,5 + k2 R;;;zg
;'kl Rz4563kl7 Rffl — ;;2456@,
R R47m + R57m + RGW7 — Rﬁmn R;m
ab = Xa = Xb e = Nexe abed = (X“‘;‘j)_(igj;%)

2 _ (Xa—x0)(Xa—Xc)(Xa—Xa)
abedefg — (Xa—Xe)(Xa—Xs)(Xa—Xg)
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Why so long expressions I

o Many different quark and meson masses (y;;)

# Charged propagators: —z’ng(k) = kz_;jﬂg (1 # 7)

Gy (k)

» Neutral propagators: G7;(k) = G§;(k) d;j —

nsea

c ™ n
~i GL(F) = gty + e e
;'kl Rz4563kl7 Rffl — f4567r777
R R47m + R57m + RGW — R;’mn Rﬁmn
b = Xa = Xb; ohe = ol abed = (X“_;‘Z)_(’QZ_X")

2 _ (Xa—x0)(Xa—Xc)(Xa—Xa)
abedefg — (Xa—Xe)(Xa—Xs)(Xa—Xg)

# Relations — order of magnitude smaller
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Double poles ? I

Think quark lines and add gluons everywhere

- OO0000
e OO

So no resummation at the quark level:

naively a double pole

Same follows from inverting the lowest order kinetic terms

Kazimierz, 25/8/2006 Partially Quenched and Three Flavours at Two loops
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Usual resummation from 1PI I

i J i k 1 J i k 1 m n J
+ + +

+ 0000

Gij = ng + ng(—i)zsz?j + G?k(—i)Zle?m(—z’)Zmnng 4.
=G'(1+ixGY)~!
can be done if ¥ and G diagonal: usual resummation

1 1
Pom? P w50

so works in the charged or off-diagonal or g¢’ sector

Kazimierz, 25/8/2006
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PQCHhPT at Two L oop I

Use lowest order mass squared: v, = 2Bym; = mﬁ;())

Remember: y; ~ 0.3 GeV? = (550 MeV)? ~ border ChPT

/ 0.05 AF

0.5
1 0.45 1
0.8 0.4 0.8
0.6 0.6
04 0.35 0.4
0.2 0.2
0 Y 0.3 0
-0.2 & 0.25 -0.2
-0.4 S -0.4
06 - 02 0.6
0.15
\ 0.1 / \
0.10
0.05
/ 0.75
0 ] ]
0 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05 0 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05
X1 [GeVz] X1 [GeVZ]
. . . 2
Relative corrections: mass decay constant
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Neutral M asses I

Full resummation done by JB,Danielsson to show how to
get at the full propagator from one-particle-irreducible
diagrams.

Earlier work: Sharpe-Shoresh-Bernard-Golterman
Double poles remain also after resummation.

Actually useful: residue of double pole allows to get at all
LECs needed for the neutral masses

Kazimierz, 25/8/2006
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The eta massfrom PQChPT I

Expand around the double pole term

Ro(t) = <7T7fi,(t7ﬁ: 0>7”7($ —O Ryt — o0) = 22]\);., »

Kazimierz, 25/8/2006
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The eta massfrom PQChPT I

Expand around the double pole term

Ro(t) = <7T7fi,(t7ﬁ: 0>7”7($ —O Ryt — o0) = 22]\);., »

From D can get LI (sharpe-shoresh) and has been extended
iB,panielsson 10 NNLO as well that all LECs relevant for m% can
be had from D.

p.23/36
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A ChPT two-loop timeline: Prehistory I

Review paper on Two-Loops: JB, LU TP 06-16
hep-ph/0604043

Dispersive Calculation of the nonpolynomial part in ¢2, s, ¢, u
® Gasser-Meil3ner: Fy, Fg: 1991 numerical

# Knecht-Moussallam-Stern-Fuchs: n7: 1995 analytical
#® Colangelo-Finkemeier-Urech: Fy, Fg. 1996 analytical

Roughly Eurodaphne |

Kazimierz, 25/8/2006
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A ChPT two-loop timeline: One mass I

Two-Loop Two-Flavour

® Bellucci-Gasser-Sainio: vy — 797 1994
® Blrgi: vv — ntn, Fy, my. 1996

o JB-Colangelo-Ecker-Gasser-Sainio: nm, Fi, my.
1996-97

JB-Colangelo-Talavera: Fy . (t), Fg.: 1998
JB-Talavera: m — fv~: 1997

® Gasser-lvanov-Sainio: vy — 797Y, vy — 7~
2005-2006

o o

Roughly Eurodaphne Il

Kazimierz, 25/8/2006 Partially Quenched and Three Flavours at Two loops Johan Bijnens p.25/36




A ChPT two-loop timeline: >3 mass I

Two-Loops Three flavours

> HVVT(" HVV??’ HVVK Kambor, Golowich; Kambor, Dlrr; Amorés, JB, Talavera

> HVpr Maltman
9 HAAT(‘! HAAn; Fﬁ, F77’ My, My Kambor, Golowich; Amorés, JB, Talavera
® Jlgg Moussallam Z, Lg
® llyvve, Haar, Fr, mg Amoro6s, JB, Talavera
® Ky, <§q> Amor6s, JB, Talavera | L7, L4, Lg

® Fyr,myy, @q) (mu =+ md) Amorés, JB, Talavera 75;778, My /My

Roughly Eurodaphne Il

Kazimierz, 25/8/2006
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A ChPT two-loop timeline: >3 mass I

Two-Loops Three flavours

® Fyr, Fyg+, Fygo Post, Schilcher; JB, Talavera Lg
9 Kgg Post, Schilcher; JB, Talavera | V¢
® Fq., Fgr (Includes o-terms) 3B, Dhonte | LY}, Lg;
o [(7 T —> gyfy Geng, Ho, Wu 7an
® 7 JB,Dhonte, Talavera
® 7K JB,Dhonte, Talavera

Roughly Euridice
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A ChPT two-loop timeline: >3 mass I

Two-Loops Three flavours
Coming:

#® 1 — 3. status finite for 2/3 of collaboration

® [{,31s0: status: diagrams programmed, more time per
day needed

# Finite Volume: being thought about
# Finite Volume Two-Flavour: Colangelo-Durr-Haefel

Flavianet

Kazimierz, 25/8/2006 Partially Quenched and Three Flavours at Two loops
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A two-loop timeline: >>>3 mass I

see first part of talk




General Strategy and some comments I

# Find enough inputs from experiment

o (7 Ecker’s talk
s kinematical dependence: agree well with single
resonance saturation

» quark mass+kinematical: if vector dominated, seems
to be OK

» quark mass+kinematical: if scalar dominated: which
scalars? (not o)

» quark masses: which scalars? unrealistically large
estimates

# in pY® physical or lowest order masses: thresholds in
right place requires physical

p.30/36
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General Strategy and some comments I

Inputs:

Ky F(0), G(0), A E865 BNL

Mo, M, Miey, Mo em with Dashen violation

F_+

Fr+/Fp+

ms/m 24 (26) m = (My + mg)/2
1 Lg

C! from single resonance approximation

T T 2 2 2 Cr
)

—

%qQ

7l 7

p.31/36
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General Strategy and some comments I

fit 10 same ¢  fitB fit D
10307 0.4340.12 0.38 0.44  0.44
103L5  0.73 £0.12 1.59 0.60  0.69
10°L5 —253+0.37 —291  —231 -—2.33

10° L7 =0 =0 =05 =02
10°LE  0.97+0.11 1.46 0.82 (.88
103 L% =0 =0 =01 =0

10°LY  —0.31+0.14 —-049 —0.26 —0.28

10°L  0.60 4 0.18 1.00 0.50 0.54
[] errors are very correlated
(1 =770 MeV; 550 or 1000 within errors
] varying CT factor 2 about errors
0Ly, L~ —0.3,...,0.6 107° OK
(1 fit B: small corrections to pion “sigma” term, fit scalar radius
L] fit D: fit 77 and 7K thresholds
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General Strategy and some comments I

fit 10 same o fit B fit D

2 Bom /m? 0.736 0.991 1.129 0.958
m?2: pt, p° 0.006,0.258 0.009,=0 -0.138,0.009 —-0.091,0.133
m2.: p*,p®  0.007,0.306 0.075=0 —0.149,0.094 -0.096,0.201
m2: p*,p®  —0.052,0.318 0.013,=0 —0.197,0.073 —0.151,0.197

My /Mg 0.45+0.05 0.52 0.52 0.50

Fy [MeV] 87.7 81.1 70.4 80.4

Bi:ptp®  0.169,0051 0.22,=0 0.153,0.067  0.159,0.061

] m, = 0 always very far from the fits

[] Fy: pion decay constant in the chiral limit
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e 0,04 AL STl
022 |. SRR Ty
Sredl -0.041
0.215 }-...S -0.042 ,
-0.043 |
0.21
-0.044 |
0.205 -0.045 L
-0.046
0.2
-0.047

-0.048 “—__
-0

10° L,

ag = 0.220 £ 0.005, a§ = —0.0444 + 0.0010
Colangelo, Gasser, Leutwyler

ag = 0.159 a3 = —0.0454 at order p?
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mmand T K I

TOT constraints 1K constraints
0.6 0.6
0.5 05 F Cyg
-
0.4 . 04 F O
2
2
0.3 . 0.3 |
« © 02 n « © 02 -
- -
™ (92
(@) o
‘_' 0.1 ] — 0.1
0 - 0Ff
0.1 . 0.1 F
-0.2 . 02 b
03 . : -0.3 : '
-0.4 -0.2 0 0.2 0.4 0.6 -0.4 -0.2 0 0.2 0.4 0.6
1031, 10° L

preferred region: fit D: 10°L} ~ 0.2, 10°L{ ~ 0.0

General fitting needs more work and systematic studies
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Conclusions I

o 3 flavour ChPT at 2 loops
» many calculations done
things seem to work but convergence is fairly slow
“kinematical” and “vector” C" seem to be OK
1, Lz nonzero but reasonable for large N,
s 1 — 3m, Isobreaking in Ky3: parts done

e o ©

# PQChPT at 2 loops: subject just beginning

® 1 — 3 isospin breaking part needed to p°, compare
with dispersive (see K,), status: infinities have
canceled

# Need to redo fit with all newer data (but then many
people not in this audience still use old GL 1985 value
of LECSs)
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