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Introduction

ChEFT v.s. QCD

Phenomenology
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Summary



1 introduction

= QCD works above Agcp-

= Chiral EFT (ChEFT) is an unrenormalizable
theory. The unknown coupling constants grow
INn number as we go to higher orders to
iImprove the accuracy of calculations in high
energy region.

= To get information about the couplings:
experimental determination, matching with
QCD in high energy region.



= |In 0.5-2GeV, there are lots of unflavored
mesons.

= RChT: by Ecker, Gasser, Pich, Rafael.

= |t introduces heavier resonances as new
degrees of freedom.

= |t is the 'full theory' of ChPT



% GFin high energy region

= Unkown couplings in RChT? Experiment and
theory constraints.

= Matching their Green functions (GFs).

= RChT should give the same high energy
behavior as that of QCD.

= Extend to the unphysical region of LQCD?



= Scalars: the same quantum number as that of
QCD
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2.Matching:SVV,SAA

= Matching GF between QCD and ChEFT in the
high energy region, using large Nc and OPE.
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SAA,

QCD

= P and Q are the Lorentz structure of
momentum, they vanish by timing p,, and p,.
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SAA, ChEFT

= Lagrangians of ChPT and RChT.

Coupling Operator Coupling Operator Coupling Operator
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= ChPT's contribution to SAA GFs.
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= Contribution of RChT

AL N /.
AVAV AN
@A L P



= GFs of RChT
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= Matching them with those of QCD, we obtain the
constraints about couplings. Since p,and p, go to
infinity arbitrarily, one can require each formalism of
momentum is matched.




SAA matching

Ls = Cig = Cog = Cog = 0,

= constrains A=A =28 =A% =0.
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= 15 couplings, 4 of them remain A{; A% A7y AS44

= also from 7%_,,(t) F{ () . gne can knows three

more couplings, only 1 pémain .

V. Cirigliano, et.al., NPB753 (2006) 179
G. Ecker, PLB223 (1989) 425 AL =0,



SVV, QCD

= The GF contain only forms of P and Q, and it
satisfies Ward identity.

(HEF?V) i = dijkBD [FV (pij:ﬂpgaqg) P#H + QP:“]

= QCD part.
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= O(p®) and higher order lagrangians.

Coupling Operator Contributes to || Coupling Operator Contributes to
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= RChT does not contribute to the GFs with Q.
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match.

Operator Contributes to || Coupling Operator Contributes to
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= From power-counting, we also need to consider

such terms

(Rax(p*)), (RaRsx(p?))




= The higher order lagrangians, corresponding to

O(p?®) and higher terms.
Coupling Operator Coupling Operator Coupling Operator
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In EFT: when a resonance is integrated out , it
contributes O(p?) interaction of light pseudoscalar
mesSons.




« GFs of SVV, from RChT
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= Matching results
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- 3. Phenomenology of SAA

= Firstly we need to know which resonances
should be filled in the current.

SH = {fﬂ(lSTﬂ),1{5(1430)1ﬂﬂ(liﬂu),f{j(lﬂﬂ[n} q_q-ﬁ;unet - Known Scalar Mesons
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- |
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Mixing mechanism

= The light and heavy mesons of |=1(1/2) could
have mixing

Gy, L _ COS Ly sin “a H“{QSB)
o —8iNY, COoS P, ap(1450)

o, H
( K§; ) B ( cos @y sin gy ) ( K3 (700) )
K§n a —sing,  cos g K;(1430)
= The lagrangian of these mesons
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fo mixing

= |=0 mesons are more complicated. We only
consider the mixing between the heavier ones

fo(1370) S
fo(1510) | = A | S
fo(1710) I

cos 7y cos [ cos o — sin 4 sin o cosycos Fsina +sinyecosa — cos vy sin 4
A= —sinycos dcosa — cosysina  —sinvycos Jsina 4+ cosycosa  sinysin 3
sin 3 cos o sin /3 sin o cos /3

= £,(1710)-f,(1370)-f,(1500) mixing



?*:‘_"“"--";]_al‘ge Nc contribution at NLO

= Large Nc is not a perfect counting for scalars, so
we include the NLO ones.

= Constraints from two-point GFs may be violated
in the phenomenology of scalars.
£ Gy = F?, F2-Fi=F?, Fa M. = F2 M3,

A 5 _ 2 i
"lf-rfﬁirt_Fa Cd = G

o : 13MeV < ¢; S 40MeV
Cd — O = E —— *HL.? T"bllf""h = SD j'l«iﬁ-"'il.", E fem :: 1[-}{-] hlﬁ‘v

= LO+NLO contributions.
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" "Refinement of experimental data

* For scalars, the datas are not complete and some
of them are even contradicted with each other. We
e' ones by analysis.

choose the more 'reliab

Final State

d

KK /nm
nn/ww
nny [rw
a7 [
raf KK
ny/ KK
nf [ KK
ayw /KK

Br[fo(1370)]

Br[ fo(1500)]

Br| fo(1710)]

0.83 + 0.18

0.050 & 0.017

0.076 = 0.039

0.023 % 0.010

0.069 % 0.039

0.91 +0.20 [24]
0.31

(.66

0.495 + 0.033 |20
0.059 & 0.025 [Z1]
0.349 & 0.023 1]
0.051 &+ 0.009 20
0.019 & 0.008 [20]
0.086 & 0.010 [20]
0.246 = 0.026[20]
0.145 &+ 0.027 20
0.055 &+ 0.024 0]
0.170 & 0.086 [211 21]

0.148 £+ 0.071 261 25]
0.173 £ 0.079 201 25]
0.36 + 0.12 5]
0.4170-12 |26l
0.48 £ 0.15 201




* Final state interactions between the light
pseudoscalars can not be ignored.

Energy (GeV)

On’ (Deg)

=
f&ff? (Deg)

1.395
1.504

1.720

308.05
340.18
373.59

—71.46
—78.92
—-107.20

bare
My ki )

E

COSW SInwW
—S8INnW COSW

K-Matrix, extend to 1.8GeV,
L.Y.Dai&M.R.Pennington,
PLB736(2014)11; PRD90
(2014) 036004;



FaH{MSD}—mW”

Width Our fit (MeV) Exp. (MeV)
Iiy1370)s7r LY T BT 208+ 107 E,E]
Ffuilﬂ?ﬂj—rKR 07132 19.0 £ 10.6 E,E]
I’y (1370)—mm 10.4 +4.3 6.41 + 2.88 [571/58]
I'ioi1500)—7r 38.1+56 38.0 £+ 2.5 [59,60
Ffﬂl;gu}ﬁ-g;{' 939+22 9.37 + 1.09 59,6
I (1500) a.al 141 b0 1 .98
Ffﬂilim}—mﬂ 0.0 2.07 £ 0.87
I'ipomoysar 205160 20.5+9.9
‘rfu ITI0)—K K 50.0 + 153 50.0 £ 16.7
Ffu 1710)— 77 23814928 240+ 11.0
Ty(1710) ey 30.9 +£20.2 ==
Faﬁ{l-ﬁﬂ]—wﬁq 24.4+12.0 2071563
1 ap(1450)—s 70y 2451+12.0 20 T+5.3
r o (1450} 9.14 £ 7.6 L ey
I a0 (1450)— 70 QIR+ T-T BTE45

Faa{MED}—rH—ﬁD N0LET3 .3 i
ragurigu}_,,;(ﬂ( - 106+3.7 _
10.4 + 3.6 —

FKﬁ"'I:I-iSU}—HTDK"' 805 Zl: 128 —
FK5+[1-13ﬂ}—+w+Kﬂ 159.7 £ 25.5 =
FH@”U-HU,‘I—%W”K” 800 :l: 128 =
FKE"'{I-’IEQ}%?}H— 20?’ Zl: 143 c—

Fffﬁﬂ{l-‘lgﬂjﬁ'ﬂﬁﬂ .20.5 :I: ].4.2 —
FH5+{1_-13.|:|:]_HTK 240.1 £ 38.3 251.1 270

oty yuty | BL2ZE16D =

[y, (050)+x07 81.7+17.0 _

T gopoiix® | 144£55 14.2 418
Faﬂfgaﬂjﬁg+g— 766128 —

[ om0 ik | 668427 =
Tis+oooyratic+ | 156 E10 =
FKﬁ“(?Eﬂ]]—%W"’K” 304 T 36 —
FKE,DKTWJ—??I'GHD 153 w & 1.8 —
FKEEI;T[H]J—HF‘H-"' 309 @ & 3? —

L a 700y 7k 459 +5.5 478 + 127




Our couplins

. C4=C., : Iitis satisfied in light scalars , they are
larger for light ones than that of heavy ones

= a,(980) has a small mixing angle with a;(1450),
while that of k and K,,*(1430) is almost 90 degree.

Parameter Our fit Mixing angle Onur fit
M g, (980) 1023.8 + 22.6
c; 15.6+1.9 & —O08.8 £41.9
c 3.07 + 1.00 B —39.8 +13.7
v | 2718 +a4
glueball component m e w _U:E'G % 4:;
is mainly from y Pa 4. .*.8 + :3_.:'3
f,(1710), its NLO 4 . Pk 90.3 + 22.5
contribution from o 17.9 % 3-3
large Nc could be ®H 0.88 + 1.50
ignored. By —3.4% +(0.53
xa.ﬂ.f (.40




fa(1370)
foll500) | =

fo{1710)

Decaying particle Ratio Chur ft Exp.
fal1370) BrlK Kjxn] [0012X0374] 091& 020 [p5]
Brlgn/rr] | 0.889 £0.771 | 0.31 £ 0.80 [56[57]
fo{1500) Br[K Kfxr] | 0.246 £ 0.006 0.246 £ 0.026
Brlgn/rx] | 0.144 2 0.002 0.145 £ 0.027
Brl#f/n/ma] 0.0 0.0565 £0.024
fa({1710) Brirx/KK]| | 0.410 £0.037 | 0.41 £ 0.14 [5859
Bripn/KK)] | 0476 £0.282 048 +0.15
gl 1450) Brjmy fry| | 0.375+0.163 0.35 £0.16
Br{KK fry] | 0.859+0.269 | 0.88+0.23 [H6]
K3 (1430) BrlpK/xK| | 0.086 £0.074 | 0.092 £ 0.031 [60
ag(980) B[ KK fry] | 0175 +£0.057 0.183 £0.024

= f,(1710) has a large glueball component, 1370 is
composed of u,d mainly, and 1500 is composed

of s mainly.

—(0.82 + (.22
007 +048
057 +0.14

0.12 = 0.49
—0.95 4+ 0.24
0.20 +0.23

057 £0.16 N
030 +0.25 5
077 +0.00 (s

55)
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Other phenomenology

widths | fit] | data(eV)

Loy | 2027 | 2050 = 210

| | Trom | 254 | 320450
resuﬁ&m 400
Do | 1

Doy | 659 | 1370 £81
Doy | 18 | 324+26

dr(tsonv_)/ dQ’ (10"°GeV")




Prospects

= VPP? Tensors?

abc ;
_4iB2F2fate
im p* ][ (p.a.r) = L
e B = ]

= g-2 constraint?

g=p —p.v q=p —pv

s

p p




We match the three point GFs of SAA and SVV
between QCD and ChEFT, and obtain the constaints
for couplings.

Matching

enomenolo We study the decay widths of sclars into two
’/ 97 pseudoscalars. We found that: f,(1370),7,(1500), f,(1710)

are mainly composed of uu(dd), ss, glueball, respectively.

More phenomenology, measurements, are needed to
check the theory.
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