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Background
Low lying mesons of QCD

* light pseudoscalars (Goldstone): v K. # (chiral perturbation theory: yPT)
........................................ \Y BTN €F: 1 1 J s
* well established vectors: p , K*, , ¢
(VMD: vector meson dominace (VMD) in many situations )
e scalars with opaque nature: o, x, f,(980), a,(980)
* less focused tensors: £,(1270), £,’(1525), K,*(1430), a,(1320)

(See also disucssions via pp scattering: [Geng, Molina, Oset,PRD'08'09] [Du,Gulmez et al. EPTC'17'18] )

After integration of the heavy d.o.f (resonances), low energy constants (LECs) of
YPT can be predicted: [Ecker et al., NPB'88] [Cirigliano et al, NPB'06]

Lo = Li{u,u*)? + L{uu” Y u'u) + Lluuu,u”) 4+ e
2 2 (0) (0)
Ly = — SGV + €d or L3 = 47Tf4 2l's - Iy [ZHG et al., JHEP'07]
AMy, 2Mg smM®® MO

d Contributions from tensor resonances are still under debate !
[Toublan, PRD'96] [Ecker, Zauner, .,EPCJ'07] [ZHG Ph.D thesis, '09] 3



* Vectors: p, K*, 0, ¢
 Tensors: f,, f,°, K,*, a,

Mixings: vectors F.S. tensors
1

_ . -
g = —=(uu + dd — 2s3) ; . , _ Ideal mixing f = —S8S
6 = g cos@ — 21y sin @ B -
v f °8 < 1 uu + dd
| - y = e sin 6 + Y cos @ y =
i = ﬁ(uﬂ +dd + 55) I'="s o 0,4=35.3° V2

» Vector mixing angle (w-¢ mixing)
0,~36.5°: 3% away from 0, [PDG, 2022]
» Teonsr mixing angle (f,-f>’ mixing)

0,~(28~30)° : (15~21)% away from 6,4

d Implication: 1/Nc correction (OZI rule violation) is sizable

for the tensor resonances.



Quick view of the light-flavor tensor mesons
[PDG, 2022] [LGTTlCC:

’
£(1270) 16(PCy = ottt . , HSC, PRD 1 8]
f5(1525) 16(JPCy = ot 2+ )
Mass m = 1275.5 + 0_.8 eV
Full width T = 186.7 %32 MeV (S = 1.4) Mass m = 1517.4 + 2.5 MeV (S = 2.8)
S Full width T = 86 £ 5 MeV (S = 2.2
£(1270) DECAY MODES Fraction ('} /T) Contt o ) ( ) m7t=391 MeV
o (812 +23 )% 1,(1525) DECAY MODES Fraction (T /T s
At 90 (77 +11ye KK (67.642.2) %
= ; i iyl (11.6+£2.2) % =] i i
KK (46 05 )% P bt 5 1470(15) —-3160(18) MeV
2mt 2w i 28 £04 )% ; o {95£11)x 1077
0 [ 40 +£0.5 )= 10" - = i g "
470 [ 30 +£1.0 )x10-3 43 1505(5) '_520(3) MeV
Ay [ 1.4240.24) x 10'"2 K* 1577(7 [
ki < 8 x 107 £ — -
KK =t + cc < 3.4 %1073 4 = T 2 [ } 2 66(?‘:' MLV
ata- < & x 10— 10 Kg[]-‘an] 1J) = ?(2 ") b i i
[ 1602(10) —i54(14) MeV,
K3(1430)* mass m = 1427.3+ 1.5 MeV (S
K3(1430)° mass m = 1432.4 + 1.3 MeV
K3(1430)F full width T = 100.0 = 2.1 MeV _
3(1320) 1GPCYy =172+ + K3(1430)° full width I = 109 £+ 5 MeV (S = rf s 136.0 + 22.0
2
Mass m = 1318.2 + 0.6 MeV (S = 1.2) s
Full width I = 107 + 5 MeV [ K3(1430) DECAY MODES Eeactian {T4/T) = r]'2—>KK 192+ 7.8
3,(1320) DECAY MODES Fraction (F;/F) Con ﬁ'ﬁ(agzj . E;:: iig :r: ijg —an 4.3 +3.1
3 (701 £2.7 )% K™ (892) ww (13.44£22) % | v 497 + 20.1
I (145 £12 1% K ( B.7+0.8) % -[2_>KK
4,'FI'_.'I' (10.6 E3.2 ]% Kuw 294087 Y _ :
K(K : L9 20818 o E 2.4-:0.53 i3 Ff“’l_’KK 7.1x1.9
i/'(958) = {55 +0.9)%10" ' ;
oy (2014027 x 1073 Kn (15%35) %1073 Fﬂz—?}ﬂ] 13.1£3.0
Ty (94 £07)x107%  pepr < 7.2 x 104 '
e < 5 %1079 K"U " = g w 10— 4 I_‘Ké —raK 62 :t 12

d Masses, T— PP’ , T— Py will be focused in this talk.



Tensor mesons in Resonance Chiral Theory

Tensor meson with JP=2* : symmetric rank-2 tensor T,  [Bellucci et al., NPE'S4]
[Toublan, PRD'96]

The on-shell tensor is traceless, i.e. T,* =0 [Ecker Zauner, EPIC'07]
|
_ iV, 00

1
Dt = (O+ M) |5 (979 + 979”) — 99"
+ PP + PR

! CHF + PF P + ¢°H + P H0°
> g g g

A




Interactions between resonances and pseudo Nambu-Goldstone
bosons (pNGBs)

(R\Ry - Ry

(D))
\

chiral building blocks with

R;: Resonance fields A
power counting index n

» 1/Nc counting rule: number of traces
One additional trace brings one more 1/Nc¢ supppression factor.
» Quark-mass corrections only enter via the operators themselves.
Couplings are independent of m, (crucial for chiral extrapolation).
» Flavor assignment for light-flavor tensor nonet

(&, 1, 1 |

uv




Relevant operators for the 7 masses [Chen, Cheng,Yan,Duan,ZH6G,PRD'23]
LO ¥ = - ZL(T,, ™)

NLO £ = 3(T,, Ty 1)+ 24 (T,,)(TH) 0@ ~O@p?) ~O(1/N,)
o2, v O(p°, N¢')

NNLO (TyuT'th—FZ—k)’ (T,HL’Tﬂy> <X—|—> ’ <T,uv> <Tﬂbx+>

(impossible to pin down their coefficients when only focusing masses)

Relevant operators for the 7— PP’ decays
0
LD = 9r(Tufut, u'})
1 17 v 1
Lrpp =Ir{Tuw e, 0}, xa 1) + Fo(Tu (X + ux4ut))
+ g (Tyw) (u'u”) + g;’{w((pru”’)(u”) + <Tw7~‘fy><“#>) )

Operators for the 7— Py, yy decays

CTP o
LT =i o (T, 0P

1 1
= cryy (T ©57) g}q}q = dT":r‘*:r‘<Tpu@£:HX—l—> O = flof¥ + Zg'“’” ¥ froo

020(0)

Loy



Phenomenologies

<* Masses of tensor resonances
f3 = sinfOp fo 4 cos O f5 13 = cos O fo — sin by fh

Up to NLO

f'.ffz JIT — LMTmh — SAT \/16)&‘! (HLK — m2)? — 8Ar N (mﬁ m2) + 'E}NTE

f'.fjfz = M% — 4 pm?s, — 3N + \/16)\%(?&%{ —m2)2 — 8}‘Thf_r(m}i —m2) + 09X z

M? = M7 — 4 rm?

My = M7 — 4\ pmiy

L Nc limit
Sﬁ(mi B m.%()/\;p arge Nc limi
4(m2 — mZ)Ar + 9N y

}'T, — 0

tan 201 =

Or = arctan (24/2)/2 = 35.3°

(ideal mixing)



Case 1: Exp data only
Exp data MZP =12755+08, Mg’ = 131824046,
MZP=14209+41,  MP=15174£25
Fitted parameters
My = (1308.5 + 1.2) MeV, Ay =-0.336 £0.008, 47 = (25718 & 1054) MeV>

Prediction: ¢, = (29.1 +£0.1)°

Case 2: Lat data only

Lat data M7 = 1470+ 15, MG = 1505+5,
(m,=391 MeV, my=550 MeV ) Mk{%t — 1577 + 7& M]f_,;:lt — 1602 + 10
Fitted parameters

My = (1444 4+ 18) MeV, Ay = —0.307 £0.052, 1. = (27920 & 16526) MeV?,
Prediction: 6% = (25.0770)°
An important lessson:
* Mass splitting parameters Ay~ Ay’ from Exp and Lat are compatible, while

M from the two fits are different. 10



Case 3: Joint fit to both data from Exp and Lat [Chen,Cheng,Yan, Duan,ZHG,PRD'23]

To reconcile My from Exp and Lat: /(T ,,T"*){y.) (NNLO)

U
My = (998.7 +26.4) MeV, Ar = —=0.335 £ 0.009,

Parameters from joint fit
A = (25732 4 1216) MeV?2, A7 = —0.350 £ 0.026,

Experimental Theoretical Lattice Theoretical

My (MeV)|1275.5+0.8 1275.5+1.7 | 1470+15 1466+3
M, (MeV)|13182+0.6 1318241315055 150548
Mg: (MeV)[1429.9+4.1 1428.8+2.8 | 15777 1570+8

M, (MeV)|1517.442.5 1517.245.1 [ 1602410 1620+38
0r(°) 290+04| - 26.4+0.3
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\/

e T PP decays (P=”)K;”)”’)

Two-mixing-angle 7y _ 1 Fgcosfy —Fysinby '\ [ ng
formalism for #-5’ i F\ Fgsinf; Fycosé, o

Examples of decay width formulas

r [4 cos O + 2v/2 sin O 5 (16 cos Oy + 8v/2sinfy)m2 =~ 6cosbr
fo—am —

F2 gr F2 T T F2 g}T
& (8 cos Oy + 4\/Esin9;r)m§f, 2p3(my,, my, my)
F2 g 30.7:7m§‘1

Uy =

2
—sin 07 [V2F2[3g; 4+ 2(2f 7 + f4)(8m% — 5m2)]|cos20
{3\/§F%F§c052(6’0 —Hg){ 7l 0397 (2fr + f7)(8my )] 0
+ 2F F[6gr + 8f7(4m% — m2)] cos @ sin g + 8V 2F3(2fr + fir) (m% — m2)sin’6g)

+ cos O [F2[6gr + 8f7(4m% — m2)|cos®0y + 16V 2F Fg(2f 7 + f1)(m% — m2) cos 6, sin 6

b

307m> ’

2p(m,,,m,, m
+ Fg(6gr + 997 + 16fpmy + 8fpmy + 8fpmy + 4f}m§)sinzﬁg]}} pmy,, my, my)
12

For others channels, see

[Chen,Cheng,Yan,Duan,ZHG,PRD'23]

12



Fit I: One-mixing-angle description for n-n° (Fg=F;=F, 0;=0,=0)
Parameters from the joint fit to the widths from Exp and Lat

gr = (166 £ 1.1) MeV,  f; = (3.94 1.4) x 10 MeV~,
— (4.8 +0.6) MeV, t = (=3.14£29)x 10 MeV~!, &M = (-9.0+5.5)°
4 T

Important: F_=F¢=F must be taken to obtain reasonable fit, which is
consistent with the one-mixing-angle description.

Fit II: Two-mixing-angle description for n-n\’

gr= (199 £1.5) MeV,  fr=(1.2+£02)x 10™5 MeV—,
gr=(63+0.7) MeV,  fr=(75+53)x10MeV~!,  6,° = (=173 +£6.3)°,

Important: we need to distinguish F,. Fy in the decay widths, which is
consistent with the two-mixing-angle description that receives from higher

order chiral corrections.

13



[PDG, 2022] Fit I Fit 11

- 157.2+7.3 1569+ 143 15724155
L ki 8.6+ 1.1 94+1.5 8.6+ 1.6
0.740.2 1.0+0.2 0.8 +0.3

| S 0.740.2 0.6 +0.5 0.7+04
sk 753 £6.3 741+124  702+12.3
- 10.0 +2.6 9.7 +3.5 7.5+29
52+1.1 3.3+1.2 40+1.3
. 155 + 2.1 13.3+2.9 13.2+34
- 0.6+ 0.1 0.6 + 0.1 0.6 +0.1
Ly 0.2494 0.2+04 0.104

D it 52.1 +6.1 535+6.4 599+ 7.1

PRD'15 ‘18] Fit I Fit 11

| QP 136.0 +£22.0 132.0 4+ 10.8 117.0 + 10.2
T xp 19.2+7.8 244437 20.9 +3.3
- 43+3.1 (1.245%°) x 1072 02402
Cp ki 49.7 £ 20.1 59.7+9.2 53.4+7.8
5 W 71+19 8.0+23 02+22
Loy 13.1 £3.0 13.8+25 17.9+2.0
Drsvur 62 + 12 474 +63 484 + 6.4

14



Predictions to the trajectories of decay widths by varying m,

r'iMeV

riMeV

180 f,—mn rfg—)Kl'(
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[Chen,Cheng,Yan,Duan,ZHG,PRD'23]
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> T—- Py

. .Crp AT LU
ﬂTP{ = IT:ZE;JL-(M(T& [f‘[fb* (yjiﬂ]}
crpy = (5.4 £0.5) x 1075 MeV~!

P = (0.31+0.04) MeV,
By [T . = (0.30 £ 0.04) MeV.
Exe  —(0.24 +0.06) MeV y s
Fegaiery = (0 06) Me., [Theo  — (0.25 4+ 0.03) MeV,

K:r—=K*y
Lesson: the LO cyp, is already enough to describe the available 7— Py data.

Exp

o
T— yy decays I, =27+05. r,?, =0082+0015 TI4-py =10+01

Case 1: only take LO LY = Crp{T 1B )

Tyy

* Fix 0;=29.0° from the mass determination, an overall description to all the three
channels can not be satisfactorily achieved.

* To free 0y, one would obtain 0, =27.2+1°, which disagrees with 0= 29.010.4°
from the mass determination.

Case2: LO+NLO LY =, (T,0%) Ly =dr, (T.0z.)

Fix 0 = 29.00, 1y, = (24 £0.1) x 107 MeV™', The =26+02, IP= =0082:+0015,

fa—=ryy

(=324 1.5)x 10" MeV=, 7 e _ 10401

dy =Yy

the fit gives  dr,,

16



Summary

» Quark-mass and 1/Nc corrections are systematically incorpoated
for the tensor mesons within Resonance Chiral Theory.

»> Tensor masses and 7— P P’ decay widths from Exp and Lat
are well described. The f,-f,’ mixing angle and the pion-mass
dependence of tensor masses and decay widths are predicted.

» Satisfactory descripitons of two types of radiative decays:
T— Py & T—yy, are obtained.

» This work provides useful inputs to the future study of the
tensor contributions to the P P°—P P’ and Py—P’y and
Yy — 7y processes.

Wl kR ! )



