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Vectormeson in Flavor SU(3) symmetry and broken symmetry
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Why does meson representation mix for Y=0, I=0 ?

1) Consider correlation function or Mass matrix

Example in SU(2) case with 1 light 1 strange flavor

0, =G4+ 5s (@1@1) (a)la)8>]_£a+D A)

@, =00 —5S (wy,) (@) A a-D

———  Symmetry breaking
—, Disconnected contribution

Connected Disconnected contribution

1. Introduction




@ =09+SS @,=0Qq-SS
= (@) (ow;)) (a+D A a=((dq)
£<w8wl> <w8w8>]‘[ A a_D] { A= (@)

D

&  E,=atz+D’+A’

- If SU(3) symmetric limit: A =0, there is no mixing, and singlet and octet do not mix.

- If SU(3) symmetry is broken

1) Ideal mixing when D=0<< A (Vector meson)
9@ (a Aj (@a)(qa)) O
: —>
A a 0 ((35)(55))
2) Small mixing when D >> A (Pseudo-scalar meson)

[a+ D A jé[{(qq)(m)+(§8)(§5)> 0 J

A a-D o ((d0) (@) ~(55)(59))
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Chiral"transformation of quark bilinears

«  Chiral symmetry SU(3)gXSU(3),

—

Or L — exp(ié(li ;/"’))qR'L where 0=6"1°

«  Spontaneous breaking of Chiral symmetry SU(3)gXSU(3), = SU(3)

Iz~  Broken part is

- Quark bilinear
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q— exp(iéyS)q, q—o qexp(iéyS)

qrq — q(1+ ié’y5)r(1+ i§y5)q —qrq+ q(i§y5r+ri§y5)q

qq — qa+27 (i6y° )q

Gy“z"q - Gy c°q+aiy’y* [ 6.7° |g

ay“q— Gy q+Giy’y" | 6,1

|

q=qy"q




Spin-1 Flavor Octet

Spin-1 Flavor Singlet No Chiral Partner

f, (Singlet)

O

(Uu +dd +§s)

$#(1020) =S5 @, =
1 _ } mg > mg ~my {
a)(782)=$(uu+dd) @, =

(uu +dd — 255)

a\mw
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K, (1270)

J+:1+

O (1420)
a, (1260)@ a
Of,(1285)
K. (1270)

Broken Chiral Symmetry
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Chiral partners

Operator product expansion for K* and K1

0 =(0,8), (7,8) e 22 (0725 57200 5SS |

uds

< = ((diy, %), (si7,r°u), ) = . m 253 B(Unﬂas)(wﬂau» " %<(Zd: qyﬂzan(quﬂzaqM

uds

- Only connected diagrams contribute

((@,r°2s) (s7,°00))=((@7,275) (57,2°0))

B 2

HK*K* CrKek =
Q6

— ng‘ :<(§/1ayﬂ [8.(%.0)=ir"S, (x.0)i* |2%,8))~(u & s)}

But this part is a chiral order parameter

(Qu) = —Iim<%[su (x,0)—iy°S, (X,O)i]/5:|>

x—0
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Operator product expansion for ¢ and f,(1420)

L L T | e I (L by |

uds

% =((siy,7%s),(Siy,7%s), ) = Zém B(Sma )(57.4°)) +§<(§mas)(2 q“”‘M

uds

- Difference has contribution from disconnect diagram, and is chiral symmetric

@> = . lim(['s, (x,0)=iy*s, (x,0)ir*])

- =S54 5 (100, (10 o)

~(55)

2o

0.0)))+{Tr(2%7,5. (4 3))Tr(2°7,5. (0.0))

_t ’ L /
@:@ = _|7/5S iy :| 2[834"7585'7/5}3((88)

- Disconnect diagram is known to be small in vacuum (ideal mixing)

[<Tr(/1 7.7 S (X, x))Tr(/l Y.7°S,
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Which vector meson should one study in medium

1) Hadrons with small width: ¢ is the best candidate

JPC=1-- Mass Width JPC=1++ Mass Width
P 770 MeV 150 MeV a; 1260 250-600
o 782 8.49 f, 1285 24.2
J-PARC E16,E88 —p Lo 1020 4,266 ) fy 1420 54.9
Kx(1") | 892 50.3 Ky(1%) 1270 90

2) Chiral partner: K* and K1 is the best candidate
- Decay mode of chiral partners typically has one more pion

p(7r)+K

M. —my o< (qq) K* - Kz, K1—>{ K- (Kr)
T T

3) If possible measurement of f,(1420) is also interesting (parity partner of ¢ )

M, — M (140 o (55) + Other ¢—>K+K  f(1420) > K+ K" (Kx)
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Which vector meson should one study in medium

1) Hadrons with small width

J-PARC E16, E88

2) Use condensate based Operator Product Expansion (OPE) methods

- Can identify Chiral symmetry breaking effects

(qa)

JPC=1~" Mass Width JPC=1++ Mass Width
p 770 MeV 150 MeV ay 1260 250-600
Q) 782 8.49 f 1285 24.2
- (o 1020 4.066) f, 1420 54.9
K«(17) | 892 50.3 K19 | 1270 a |
@ a-en(ina)a 5
e - :\%J'd“xe‘qx[ (s7"q(x),qr"s(0)) - <§iy5y”q(x),c_]i7/57"s(0)>] —%{msqq>+;—6(§sqq> .....

- Can relate them to mass

H(qz)zijdsl??—c(lzs).

3. K1,K1*mass and chiral symmetry
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Chiral'parters: r K* and K1 (in a chiral symmetry restored vacuum)

. Operator product expansion Jisu Kim, SHL: arXiv2012.06463 (PRD21)

Jisu Kim, SHL: arXiv2109.12791 (PRD22)

uds

ek 25604 |:<(U7/ﬂlas)(§7/ﬂﬂ,au)>+%<(§ fm;taqj(z %,zaqm

uds

S L :....—ng‘ {<(U7y75133)(§7y75/1a“>>+%<(§q7“laqj(zqy”laqj>}

e 220 o)

= e K 27
1 —JI™t™ =, — [2<BSU>]
KK, 27 1 Q6
I1 = 56 |:_<Bsu>_§<BUU>+<SK*K1>:|

<Bsu> Chiral symmetry breaking operator involving u/s quarks

(S.s)  Chiral symmetric operator involving u/d /s quarks
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K*=and K1 mass in the chiral symmetric vacuum

Sum rules in the chiral symmetric vacuum

= G :"”_2560[ {%(Buu>+<spal>:| LY :"'-_dea [<BSU>—%<BUU>+<SK*K1>:|
K,K 2 44 ke = 2 .
o gg [—3<Buu>+<8pal>} e = - gf‘[—<8w>—§<8uu>+<sK*Kﬂ
\ }
|

From phenomonlogy of p, a,, K™, K, can determine (BSU>,(Buu),<8p_al>,<SK*_Kl>

Mass when in the chiral symmetry restored phase can be estimated by

(B, )=(B,,)=0, but keep vacuuum values for <Sp_a1 > , <SK*_K1> —

Particle mpy mpg Mgym

p 775.26 MeV 610 MeV 572.5 MeV
K* 895.81 MeV 775 MeV 545 MeV
K, 1272 MeV 1080 MeV 545 MeV
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Different effects from the medium: Perspectives from OPE

Chiral symmetry breaking operators

1. Changes in Chiral symmetry breaking operators: (qq) =(qa),+o(P|Tq|P)

2. 4-quark operator : %R(qyﬂ},%aﬁq)z —(Gmaﬁq)ﬂ < (qa),,

— Tends to decrease mass

Chiral symmetric operators

1. Appearance of Tensor operators due to denisty and energy ect. :

(@r0). (a7,D,q), (E*+B) ..
= Tends to increase mass
= when q # 0, Momentum dependent masses; Transverse and Longitudinal Masses
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Weinberg type sum rules

* Im(T1¢ —11%
SO A 1 =....i6[2<85u>]+..=1jds ( - )
Q 7? 5—¢
ImIT* < m . =1421 MeV ImIT""
[ iy, ~ 236 MeV ! m, =1403 MeV
A~ V-
> S > S
m,. =892 MeV m,, =1272 MeV
[ . ~47 MeV [« ~90 MeV
= fmt. — f<mg =—-2m, (Tu) fom. —f.me =2(B,,)=—64za, (Uu)(Ss)
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K1/K*production in heavy ion collision

oo 0®0 f®® \
@ T e >
} °" \ ®/

T...> Hadron production

. . . \
initial S~

Kinetic freeze-out

ToaT, e . ar_?f—‘_b Small b
-------- —_—
Te T
| QGP | | Hadron phase |
1 fm/c 5 fm/c 7 fm/c 17 fm/c
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5) K1/K* vs Centrality

— M, (T) = <Gg=+ & Non—-unity fugacity

1+ — T, (T) = M- & Non—unity fugacity m

[ — Without chiral symmetry |

0.8f Statistical model at T, -

5 ey reres mi (T} = mye- & Unity fugacity (PLE 2021) ]
X ]
< 0.6¢ ' )
L - -
< - ]
0.4+ .

0.2F

[T .".--.. h..:
[:I- 1 1 |
70-80% 40-50% 0-5%
Centrality

FIG. 5. The yield ratio K, /K* in Pb+Pb collisions at ,/syy =
5.02 TeV at three centralities of 0-5%, 40-50%, and 70-80% for
various scenarios.

3. K1,K1*mass and chiral symmetry
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5) K1/K* vs Centrality

M *  Study of K, meson production in pp collisions with ALICE /* o noqt)
2023 SU JEONG]I1 ON BEHALF OF THE ALICE COLLABORATION | 1) PUSAN NATIONAL UNIVERSITY ,0,//

SIGNAL EXTRACTION

- 10" o )-:1!}3
€ asof- ALICE Performance E |
F pp Vs=13TeV :
Sauu'— VOM 50-100% N 3 60~ f*ﬁ
r p,=1GeVic ly | <05 T r "
250 . Mixed-avent blkg .-**".f-"' ) 50:_ -
r o C - +4
2001 g L. *
r ‘.a- r 40k -+
- Rl A ALICE Performance
150:_ -.+ L WE=13T9‘V i~
E e a0k~ VOM 50-100% .
1001 o r p,>1GeVie,lyl<05
B¥.o” L —s— Data
i l . I . P N L
505 i 12 13 14 15 20 112 id 14 15
Mass (GeVicd) o Mass (GeVic?)
— A |
Signal: ntntK* pairs ‘g 1.6[~ ALICE Performance — pK K1
3 .| Iniected MC — KKl
Background: WAL = o
- 123_ B =1 GeVic
¥ “r Ilyl<=05
iKY, nintK* E
pairs from mixed event 0.8
0.6
(30 events, Az, < 2 cm) g
04
Fit Function: Breit-Wigner 0ok |
+ quadratic fn. e SO A Y L
1 14 12 1.4 14 15
Mass (GeV/c)

The signal peak is seen at 1270 MeV/c? in data.
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6) K1/K* at JPARC

K-

Kaon beam

Obtained angular distributions for K* and K, meson decays

MeV] _ac:s[q [MeV]

wLF N Cos[8]
-1.0 -0.5 -0.5 0.5 1.0
s S K, (1270)-K"(892) 57 TT
K" decay for — K*(892)-KT T K, decay for different .
Lnaitadtaiana 1 _ wesen Ki(1270)-K"(892) LT
gitu eeee K*(892)-KrT L polarizations of initial ;
transverse modes and final particles — K(1270)-K"(892) 7 TL
..... K,(1270)-K*(892)r LL

Second collaborative work b

LW. Park, H. Sako, K. Aoki, P. Gubler and S.H. Lee, 220RC TELEE N,
Xiv-2403.18288 [h h theorists and experimentalists as a

ek [hep-ph]. result of the REIMEI project!
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20



« Possible future experiment to measure masses of chiral partners

- K, excitation energy measurement at JPARC

Decay mode of K, ('=90MeV)

K1(1270)> Kp 42 %
K1(1270)> K* & 16 %

Kaon beam (2GeV) 1
K~ #’1/
| 7, p

P, N I—

Nuclear target

3. K1,K1*mass and chiral symmetry

7 K*

7 K™

7 K
EOK*O
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1) Hadrons with small width: ¢ is the best candidate

JPC=1-- Mass Width JPC=1++ Mass Width
P 770 MeV 150 MeV a; 1260 250-600
o 782 8.49 f, 1285 24.2
J-PARC E16,E88 —p Lo 1020 4,266 ) fy 1420 54.9
Kx(1") | 892 50.3 Ky(1%) 1270 90

2) Chiral partner: K* and K1 is the best candidate
- Decay mode of chiral partners typically has one more pion

p(7r)+K

M. —my o< (qq) K* - Kz, Kl—>{ K- (Kr)
T T

3) If possible measurement of f,(1420) is also interesting (parity partner of ¢ )

M, — M (140 o (55) + Other ¢—>K+K  f(1420) > K+ K" (Kx)
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1. K1 and K* are Chiral Partners with /7<100 MeV m+2<1 (T)= mi* +<—

2. K1/K* production could be measured for different centralities in Heavy lon Collision

- Signature of chiral symmetry restoration

3 K1 K* masses can also be measured in J-PARC
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