Chiral-scale perturbation theory and its
applications in dense matter

Yan-Ling Li

% #, -
Jilin University
ER: S -

Aug. 21-27, 2018 Dandong, Liaoning
FrEHETHE. LRl FEF RXLF A G AT L




A\

Ty 4

Content
> Introduction
> The chiral-scale perturbation theory
» The possible applications in dense matter

» Summary




> Introduction

N

. The scalar meson conundrum

Scalar meson with m_ = 600MeV,very important in nuclear physic.

m=400~550 MeV

[=400~700 MeV
® PDG 2016 f,(500): But, a local bosonic field work;

e.g. Bonn boson exchange potential;
RMF

qa, (qa)(ag), G*, mixing ?

® QCD structure: In LoM, m=1GeYV, irrelevant for physics below 47f _
4" component of chiral four-vector

Walecka model,chiral singlet




Chiral perturbation theory has been widely used in particle and nuclear physics. —

SU(Ng), X SU(Nfg)g

Absence of
parity partner
SUNp)y + (Nfz — 1) NGBs # Chiral perturbation theory: power k...

U(x) = ei™fa counting, derivative expansion

1 Weinberg, 79; Gasser and Leutwyler, 84

Ux) =% h(x) h(x)* ERT‘ |:> Effective theory of vector mesons, p,k*,q)___

. Hidden local symmetry

Son & Stephanov, 04 Bando, et al 89; Harada & Yamawaki, 03

Chiral effective theory of baryon, extract the baryon mass in chiral limit, ‘g
HBChPT , Chiral effective theory of heavy meson.

How about the scalar meson,especially the lightest one f,(500)?
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II. The lightest scalar meson as a NGB

T o

f,(500) is a pNGB (noted My, =My ) arising from:

The SB of scale invariance + an explicit breaking of SI.

EB of SI: Departure of a, from IRFP+ current quark mass.

Assumption: There is an IR fixed point in the running QCD coupling constant a

3/ I I:"la 1 ~2 |
I:)v‘ \1‘ 0:1 — “: G + (] = & Ym) Z nqu(l
q=u,d,s

Yir IR fixed point: B(xg) = 0

0 - X . Crewther and Tunstall,
S\ ¢ . \P le = expand n 9:: PRD91,034016
\ -1"(|(] ) £ 0 N X S Ry Myds ™ 0
¥ "4 » about scale-dependent |vac)
k J[.
= NG bosons 7, K, n, 0.
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Different types of xPT

NG bosons ! scale

]
p=0(my)1 separation — Non-NG sector —
|} 1

XPT; T . = = T (mass)*
i fo K n

Standard xPT; OK: m, # 0 stops O} from vanishing. Consistent with either xPT3 or xPT,.

NG bosons p = O(mg) Slide borrowed from Crewther
1
: — (mass)?
n K n
xPT; fo pw K* Nn’
- — s )1 (mass)?
i
- Not NG bosons ... -
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Assumes that oy does not exist. Only 7, K, n are massless in
the SU(3) x SU(3) limit. The small mass of the f, resonance
is an unexplained accident = lack of scale separation for
p = O(mg) = expansions in 0** channels diverge.

M= { Ao + Anto + A)wfo + / }xpn

bad large = UxPT;
fit retrofit ... abandon PT and unitarize
NG bosons : scale .
p =0(mg) : separation :' Non-NG sector -
1 l
xPTs = - T — —TT (mass)*
n foK M pw K* Ny

Use if o exists. Promote fp to NG sector as dilaton o: massless t, K, n and stable fy/o
(decay phase space = 0) in the chiral-scale limit, so OK to use local field o in L. Scale
separation is restored. More ambitious than UxPT;.
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H
Let d denote the scaling dimension of operators used to

construct an effective chiral-scale Lagrangian.

Lin: Scale invariant term
Linass: Simulate explicit breaking of chiral symmetry by the quark

mass term

dmass =3 - ]’m(ﬂlR)- 1 < dmass <4

Lanom: Account for gluonic interactions responsible for the strong

trace anomaly

d&nnm =4+ ﬁF(aIR) > 4.

Lopr, = Lo+ L0708 + Lo

111 AlloITL mass”®

(o)
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> Chiral-scale perturbation theory oA
’_\m

The procedure of the construction of XPTy:

» Since XPTg, the NGBs are 7, K and 0, one first writes down all

possible derivative terms acting on these particles and counting each
derivative as chiral-scale order O (p).

» In the same way as in the standard XPT, the current quark mass 1s
counted as chiral-scale order O (p?).

» Moreover, since the theory is constructed for g below but near the
IR fixed point, one should expand B(a) and the quark mass
anomalous dimension Y(0tg) around the IR fixed point ag(/R) and
counting Adg = @5 - O as chiral-scale order O (p?) since it is

proportional to m2 .




@ It's convenient to use conformal compensator ¥

Xu— A7 2 x(x) > Ay (A7'x); y(x) = f,e/7;  chiral singlet

o(x) > o(A7'x)+f, InA  Nonlinear realization of scale
symmetry

® Chiral field U (x)=e”"
Chiral transformation: U(x)—>g,U(x)gg

Scale transformation:  U(x) >U(1'x)
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¥PT_atleading order

Yan-Ling Li, Yong-Liang Ma, Manngue Rho.
Phys.Rev. D95 (2017) no.11, 114011

‘CX Br, = L £d>4 £d<4

xP’I‘ mv xPTs;anom XPTs:mass?
with de3+ 4+ f)cy = =3 = ru)(Tr(MU + UMY)) ..
- " 2 2 l 2
E?n??LO =ikl f— (f—a) (6,, vo* Ut) ===l (mk +5m;)'
1
2
+ ;czauxa"\( + c3 (f ) C3:Cq dreat 0(p )
2 245 "> 0, turn off the explicit
Efﬁ:m o=(1- Cl)& (i) Tr (8,‘U6“Uf) B : P
4 \ fo breaking of scale symmetry.
B’ ’
. (1= c) B XX Both y,,, and 3 are evaluated at
T2 2 o
IR
445’ |
v (X)), = 73 (i + 52 ) (= ra) 1+ 1)
fo
—p'(4+ f)cs,

2 3—Ym
P <l> Te (MU + UTM),
fo Analog to GMOR relation for pion
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Consider chiral limit. Minima of the dilaton potential:
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H
e/ (ayp) is a small quantity,i.e., 5 (ap) <<1:

B mgfg X : X 1

-2 ()b ()3

Coleman-Winberg type potential used in the literature,
Goldberger,et al,08

® |nfinitesimal scale transformation:

0 = @,0" =4ge="2l2 pcpe

A future application to nuclear physics: In a medium of baryonic matter, the vacuum is
modified by density. Hence we expect that the decay constant of 0 deviates from its
vacuum value, i.e., fo # f5 = (X). Since f = fﬂ(}()’f chiral symmetry breaking is
locked to scale symmetry f“ ~ fﬂ.
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#PT_at next to leading order

The NLO Lagrangian = the higher chiral-scale order corrections due to the
current quark mass and derivatives on the NGBs + the leading terms in the
expansion of Y, and B’ in Aa.

o0
X“fm(ﬂm) R Xﬂym(ﬂm) [1 + Z Cn (AGSZ)“:| ’

n=1

Aas ~ O(p?). ‘

Tr (8,U8"U"); 8,x8"x; Tt MU+ U'M).

The same applies to y” ““=.
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NLO  p,LOXxAa«;
ﬁxPTa _ cxPT.,
g F X .
LOXA =[(1_c1;:(f_a) T (9, U

X

fa

e

X |iD1Tr (apua”uf) + D28y (
T
3=vm
) .

X

+ (Mo 4ot )(f

X

)

o

-~
fo

X [D4ﬁ (apUB”UT) + D58, (

O(p?
L)

f
x \?
fa /

1
U1) + 5(1 — e2)8ux0" x + -‘343{2] (

)+
)+ 6 (

X

fo

l=vm
) T (MU + Ul M)

X

1l=-m
; ) T&(MTU+U1M)}.

%
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O(p*):d<4
xPT,:mass?®

EO(P“) . [’O(PA);d=4 + EO(P“);d>4

xPTs = “xPTgsiinv xPT,;anom + L

£OF)d=4 _ L, [Tr (8,U0*U))* + Lo Tx (8,U18,U) Tr (8*Ut9*U) + LaTx (8,Ut0*U8,Ut0"U)
J19 v Trauaﬂu*+Jd( )a"( )Tr U Ut
o (F) o (5) ¢ S V= ey el )

s (E) e (£)a (%) (%)

0@ d>4 ={(1—L1)[Tr(6,,U"6"U)] + (1 — L2) Tr (8,Ut8,U) Tr (0#U9"U)

xPT,:anom
+ (1 = L3) Tr (8,UT0*UB,UT8"U)
3-(1-—T) 8 (;i) (f )Tr(a vo*Ut) + (1 — J2) 8, (fa) & (%)Tr(auuaﬂuf)

8,
wo (1) () () () ()
1—Ym 1—%m
£O@lyd<a _ P (fi) : T&'(E),,U*@"U)TI‘(M*U+U*M) iy . (l) Tr [aﬂUfa“U (MU +UTM)]

>
xPT, ;mass fa

X 2(3—m) 2 X 2(3—vm) 2
+ L (f_) [Tr (MU +UTM)]” + L, (f—) [Tr (MU - UTM)]

X 2(3—Ym) X 2(3—vm)
+ Ls (f—) Tr (MIUMIU + U MUTM) + H, (f ) Tr (MTM)

T T X
+a (%) Ta(E)e(F)Tmir iz,
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Scale invariant hidden local symmetry HLS

H
€ Hidden Local Symmetry

M. Bando, T. Kugo, S. Uehara , K. Yamawaki and T. Yanagida. P.R.L 54,1215(1985)
M. Bando, T. Kugo and K. Yamawaki. Phys.Rept. 164 , 217 (1988)

U = e2i'|T/F'IT =§L+ l f’R

§ = €i0fFo gtim/Fm ﬁ & R

[SU(Nf)V]IocaI [SU(Nf)L,R]gIobaI

& Particles

V.= V2T, .. HLS gauge boson
m=mT, .. NG bosonof [SUNNg, X SU(Npglsona Symmetry breaking
... NG boson of [SU(N¢)ylisca Symmetry breaking

___________________________________________________________________________________________________________________________
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€ Maurer-Cartan 1-forms

& = (D"&L- KZFD”E_,R-&E)/(ZI') V,: HLS gauge field

|
D& =08 —iVE +iE L, L. R, : gauge fields of SU(N/).x
By A 7t
D‘uE,.R e a‘uéR - iV,ugR T i&RRp aJ--” — h a—'—-” h

€ Lagrangian

2 - A -~ - ].

Where
F.. ... pion decay constant
g ... gauge coupling of the HLS m,Z=ag? (F)?

a =(F,/F,)? ~— validity of the vector dominance

T omversity Chima 18



HLS & =

HLS 7 ;:;inv

HLS 5 ;anom

HLS 5 ;mass

d<4
HLS g ;inv + EHLSO—]-‘:II]UIII + EHLSJ;[[IBS:37

£d=4 d=>=4

2 x \? 2 x \? L
frer (f—) Trla, ,a' ] + afles (f—) Tr[&”“&ﬁ"] - ez Tr[Vy, VH*Y
o o

4
1 2 " X
+;C4fc.,5px5 x+es5 | — ;

o

24’ 245"
X X
F2(1 = eq) (f—) Trlay akh ] + (1 — eg)f2 (f—) Trlay, af]

o o

1 B’ 1 8’
——— (1 — e3) (fi) Tr[V,, VHY] + ;(1 —cq)f2 (fi) A xd x

a o
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1 1 +
vaE t ot =
B(xz) = > - ﬁz“ + %A n ,
=— =0 _ 2
= = 2A
B(z) — h(z)B(z)h'(2), B(z) — 232" 1),
d=4 d>4
EbSHLS - EbsHLS;inv + f’bsHLS;anorﬂ’
LO;d=4 - . s X - - - T
Cyitsiny = c1Tr(Bin,D¥B) — g —Tr(BB) — ga, Tr (B’y“’:r& {.:.:J_, B})
o
— 54, Tr (Byuvs (64, B]) + gv; Tx (En {&’”ﬂ B})
= = T
LO;d>4 S - - = X =
c > - [(1—c1)1&~(BwPD“B)—(mB — thp)—Tr (BB) — (94,

bsHLS:anom

o
— 3a)Tr (Byurs {a', BY})

o 3 (B o 5] o =305 (3 3.

+ (9vyy — Gvy)Tr (E';J-:,rp, [a'l‘l‘ BD] (%)ﬁ’ |

FAY)
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a8
s lmﬁl+(mﬂ—ma>i (1)

Meson fluctuation &small B
expansion

IMass o
Lysars = ’mBTl“(

Baryon mass

~ o"BB coupling
in chiral limit |, (5, — /) S l, (8'%)"
TL.

E.g.,for n=1

'Gflﬂ)e relation in the dilaton sector

T omversity Chima 2t




o finalize the heavy-baryon expansion, we should's
scale counting of the interaction terms. Since the dilaton couples to
baryons nonderivatively, one can't do the usual power counting as
with the derivative in pion-nucleon coupling.

O In the absence of first-principle guidance, we establish the power
counting using a numerical estimation.

O If we take the nucleon mass in the chiral limit mg= 900 MeV, by
taking f, = f;, we obtain g,gg = 10 which is close to g.zg= 13.This
suggests that the other terms could be considered as of chiral-scale
order O(p).That is, in terms of the compensator y,

" A\F
mB(E_1> + (thg — hp) [(%) _IIENO()

Then, the HBChPT including dilaton can be formulated in a straight
forward way.

T omversity Chima 22



» The possible appllcatlons In dense matter
' Ma. arXiv:1710.02839 xn

® Hadron interactions, medium modified dilepton decay widths......

® Extend the notion of BR scaling to a generalized framework, the
information of the low energy constants.

® Arrive at the LOSS that can be confront with nature.

The external gauge fields £, and R, include W,,Z, and A, (photon) as

[ : il
L, = cQA, 4 m:’;ﬂ (T, — sin? 8y ) Z, % (WiTy + WiT),
"...
. g2 :
R, = eQA, p— sin’ w2

Expanding the 1-forms in term of 7, one has

L:H,._?r] ”L [[r}”r x|, "r] o

- 1 [}
), = f__fj,uﬂ- t Au [

F:E|_u = I’-u i 1-"".1; !’jl”"l' "I'] f_[A“‘ ;rr] boeen

zf_[




kinetic term:

Lyin =

i

Then, the physical states @ and 7 can be defined through

= Eﬁfr"'r:u g = 'zﬂ-r.rcr'.

where the coeflicients are

=

v (A
ha + (1 — ha) ({ﬁ)ﬂ

hs + (1 — hs) ({X}“)ﬁ; .

fo

9

Jap. =Z pf s

meson decay constants:

Expectation value in medium is (»)" .Then the expression of the

oo ($)] (4
o]

- 5= hn+[1—hﬁ.)(<§}*)

fa* = Z3a fa’ fi: = ZS;z ffz
HLS gauge coupling constant:
9 =Z;,0

T omversity Chima
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the iIn-medium mass of mesons

o - 11 [1603 ((x)*)4+ . (Xy)ww

2 f3 fo fo
o\ 445 redefinition 4+
_ %406’(}1;' B ((? ) 2 ro _ 1466'(4 + /8’) ((X)*) B Laﬁ
o 4 — mass 2 fg fo- ZQ%O-
e _ (LN,
m— - ( I ) ZR
#3 3=Tm l: ) ey 2 wy 45
Lol = - ((? ) T (%miﬂ'ﬂﬁn +mirtr 4+ mi KK +m?{ﬂﬂf{n). LYo = af? |hg ({’;} ) +(1 —hg}(<?) ) TV, V¥
redefinition l redefinitionl
al _ )" w11 2 () =0 p O N 2 = 2 g0 g0 2 o\ 2+
Lk = (T) E%; (ﬁmrﬂ A miataT + mi KYK + mi3 KK ) L mg [hg({?) ) +( —hQ)({? ) z%ﬁ[ﬁ'“p#]
1 I T dp
the physical pseusoscalar meson masses are l
. oy Tm 1 X # d=Tm 1 E #y 2 w244 1
mﬂz — (%) mif%;’ mf? = ({?i ) mi% m;ﬁ = m?? [hz ({?j ) +'|:1—h2:| ({Xi ) 2711;
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For the three-meson strong interactions ,we calculate
o m—T,0 0O 0O, P~ W—T, 0P P.

The relevant Lagrangians are expressed as

Lonn = [2!11 ({ﬁ)ﬁ £ @+ 81— hy) ({ﬁ*)wl f_lﬂaTr (0w 7)

# % S3=Tm [ R 1 —
_ (i}} ) (3 f’?"‘} (Emiwﬂﬁn +mintrs +mi KYK~ + m%{K“I{“)

cor = () 10 (4" (1 39)]

; &H+iﬂ(?i)”ﬁﬂﬂ—m+ﬂT]

* f_zm = ) (2mi + m3) ({x}*)“—*m] (1)1

fe fa
gmzmql( ) - (Y )M] Tolp, [0 .

Lopp = ag’ f [ ( ) + (24 8)(1 - ha) ({X}“)Hﬁ] ifT'I‘I'[.I”,uF'#]
X
1.

[ fo
18- ;.('”) fl T (O — Do) (D7 — O 7).
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The relevant modification Lagrangians :

2 2448
* * 1 1
Lonn = lﬂm ({? ) +(2+ 801 -m)(%) Tz 1 OnTOR)
T o o S SaT
3 —;m) % N ( % ) < it m}?ﬁ’“ﬁ'n)

"2 o\ 2 1] 11
Loge = [CE({ﬁj ) +{1_52}({§i ) (1+ L_}.B)] E%ﬁ'apaaﬁﬁ'

any dd
+% [4c(4+_ﬁ=}(<§5 ) [16 — (4+ 5')’]

g

2 1\’ 1
+ -l emE e m? 2] (1) 20"

N (s T (U

Lopp = ag™f? [21'12 ({?“)2 + (24 81— h) ({x.}“)“ﬁ'

1 e -
%Tr[ﬂ'# [0, 7],

1 1
L aTels
frr zﬂa'ﬂ- [p”p ]

) fﬂ'

1 A o i
- Eﬁ’{l — hy) ({? ) 7 z%—z_iﬁﬁ[{apﬁv = dypp ) (O — 0Y )]
o T L3430
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The EW term:

LRI, = 17 [fn +{- "”({f)ﬁ] (ﬂf)z

h [(;’Th_w 4,Q, 7 + ?VF(F+T++W T.) + ﬂ
)

- () 5

[ ()] () Bt v
it e (3] (4 en

~ % {hg (1~ ho )({x} ) ] ( ﬁ) 924" tr[p,Q)]

+4 e ;

2
(qpp ed,Q + 2)'2 [, ] + - ) ]

* [asz

Then, in terms of the normalized fields, the HLS, becomes:

g2 f m)?

Curs, = —Ztr [,7 (W, Ty + W, T)] — 2e— A" tr [5,Q]
V2 g
2'2 #2
— ie [1 ; E;P —- ] tr [0, 7 [A4,Q , 7]
3 F"
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The in-medium mass of baryon:

* . ey 148 -
L — -ﬁlg{ﬁ Tr (BB) - [ﬁm-ﬁzg}({ﬁ ) Tr (BB)

= ) . ( (X:'*) 148 1 =
= — | X 4 (thyg —mg) S Tr (BB)?
[ fa fa Z3n
the medinm modified baryon mass as

. - N vy, 1448 1
my = [ﬁlﬂ{? +{mﬂ-ﬁ15}(%) w%

T

The relevant Lagrangians L.pp = — [.aa. (94, —ga,) ) ] Tr (Bryuvys {07, BY)
including one meson are

expressed as

X"

i

o
(5

- .ﬁ'-‘iz qa‘iz - qﬂz

) ] —Tr (B [0, B])

ra.r
Copp = {{gl i)+ 11— 1) — (ovs —m}]({ﬁ ) }Tr{f‘m e, Bl)

ay A
- {.ﬁ'vl . —.&rm}(f"ﬁ ) }Tr{ﬂrr#{w,ﬂ}].
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The maodification relevant Lagrangians :

fa) 7
Logp = — |Ga, + (94, -ﬁﬂ.)(%)ﬁ] %%T‘-’ (E"’l'ﬂ“'-{d’?f B})
= [ﬁfm + (942 — §a,) ({fiﬁ)ﬂ! %E}r'ﬁ' (é’ﬁ s [aﬁﬂ B])

- {.ﬁ'v. + (gv, — gw) ( %i*)ﬁr} %;BT[- (é’m {ﬁ"-. E}) .

The 0-B-B coupling canstant:

w3 ar ey 1487 !
" ot 11 ({X} ) g my : ({x} ) 1+4 1
g pp = Mp—— — —(1—g _ — +img —m = .
pn % mopm g~ U e) () gt e ) (T 1 73
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Results:

From the above we can easily read the medium modified meson masses, the prrm coupling

constant gorr, the p—y mixing strength g,, the ¢ KK coupling constant gexr, the ¢y mixing

strength gy, the 7—W mixing strength g, and the direct 7w coupling constant g. .-

w2
my

*
-qpi‘l"lT

- (85 e

— (.t:-);’i*>4+ﬁ’ ZL%ng |

_ hh2+(1—h2)({£};*)ﬁ'_ ({ﬁr)z %mg‘{b
[ ()] () e
S ean ()] (%
: ["”“-hﬂ(‘ﬁ*iﬁf] () -5
= mj;ﬁad

=e[1

2 2
a ZZ ;;]
2 @
273 m2

LI

2
P

Somm

where;
Fp

Gy

' (p—am)

| T (p—=ete
(p

| I'(0KK)

I (¢ — e+e_]

[*(r~ —=e’ip) =

= ag”f?,

1

2

-

ag

agf? .

1- =

5)
EE.

the decay width:

— |3
=" 2 m;
glmrn" 3 |
ima? | g, 2 m;? + 2m? \/ .
m
3 p
3 my,
3
il
Grm *2
Ao q;‘ Tﬂ; + sz 2
3 mtﬁ mn‘}: \/m'%‘-'P
i £
2] — m;

127

2 2
|
"3"’*}2 - My
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Implications of the low energy constants

== The validity of the GMOR relation in medium, the quark »
condensate and pion decay constant are locked to each other. \

If the in-medium p/$ mass is smaller than it in free space, then

F. Sakuma et al. (KEK-PS E325 Collaboration) Phys. Rev. Lett. 98, 152302 (2007) {){) * < 1
A. Marin (Darmstadt, GSI) et al.(CERES Collaboration ) PoS CPOD07 034 (2007) - jg ~
P N LT A R A e 2 1l 2 !
{me, ' (m) Lol oy (27 €TE€T) | 95 | TP | G0 | g
EEJ;: = JiIFQ f {l hﬂ)( Ilrﬂ- fﬂ_ ?!; <1 i i T {(ﬁ) — E+E_} ??13'2 mq} mi - i
(I S [ e
near chiral restoration, VM /then h,<1, However, since our scaling N
relations as written are valid for the
: . i density ENEENSIEE, they cannot be
I 1 g’ I h,=1 ; i
; — =2+ (1 —h)2" | <1 === | relevant to the chiral restoration. Then,
e R N a*/a =~ 1 isreasonable and h,=1. y

o
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For dilaton meson:

E *2 h 1 2 *
- mPf _ i+h 4 My _ g2+8 o _ g
! 2 a2 ’ 2 ! :
EL mgJs mg fa

GMOR relation m?2f2 =4e¢3'(4+ ") still survives in medium, the parameter
hs and/or h, are density dependent quantities.

c R Ry

*\ B e 4+28" 4+3’
hs = (4‘|'.6) ((?) ) , hg= —4c e h’5 = hE‘. =o

And for baryons:

-

m*B [mB‘l'(mB—mB (I)‘S] i g1—landm5—m3 mp

mg  mplg+(1—gy

[
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0 =1, §A=9A

1 mp which is a scale independent quantity determined from
1 9sBB™ mBF = f_ the Goldberger-Trieman type relation in matter free
: T 7 space.

The results when we choose or fix the low energy constants:
1) For mesons:

1 N2 . 1

Lowr = 22-5Tr (ap,naﬂn) ~ 0Ty (M*Hﬂ) Lovo = £:00,50"5
L 50,6045 2B 16— (14 )]
Love = Faﬁpad’“a + 373 + [ + } a

2 # ) ) #®

+ 2]+ ) [16- (4+ 8] . ) _ My

1
+ f2(2m% +m @2] — 3, . a
f( K } fﬂ g?ﬂﬂ:€(1—§)_

Lorr = tagTr[p, [0FT, 7],

1 R
Lopp = 209" f; f = 0 Tr[pup”].
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2) For baryons:

UEB: f ( 'é)'.'
1 : A0 | In conclusion
ETTEB - FQAITT (BT#TE {3#7":8})
1 = - - My g My gy mp M, fro
- e | =@ — = : = = =&
L (e fpret]) | Emen, e, Zh oML

Lypp=(1—-gw)gTr (E’}“p P, ED . h: _ pit2s hg _ L5’

~ I I hﬁ ' ha
- gV]QTT (BFT# pﬂB}) . i .
# — $3—rm 1 mp . mp I onm Gopp Jooo
JmpB = Z%BZSTT f-; Ja= f?r ga. . Q;BB . g;BB o g;BB o g;i‘l'ﬂ' . (I’D
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It is agreed with that given in PhysRevD.96.014031 , when we take f'<<1
upto the leading order expansion.
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» Summary

LA
 The chiral-scale effective theory discussed here can m

In the study of dense matter physics and going beyond the
mean-field-based analysis.

* |In the present construction, the explicit scale symmetry can
be take into account by the derivation from the IRFP a
which give the Lagrangian used in above at the leading order
of small B' so we believe the present Lagr. can yield a result
closer to nature.

« Since the present chiral-scale effective theory is constructed
with three flavors, it can provide a systematic way to study
effects of strangeness in nuclear matter.

< n,, =20
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Thanks for your attention




