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Hideki Yukawa

The Nobel Prize in Physics 1949 Cecil Frank Powell

The Nobel Prize in Physics 1950
Born: 23 January 1907, Tokyo, Japan
Born: 5 December 1903, Tonbridge, United Kingdom
Died: 8 September 1981, Kyoto, Japan .
Died: 9 August 1969, [taly
Affiliation at the time of the award: Columbia University,

. . Affiliation at the time of the award: Bristol University,
New York, NY, USA; Kyoto University, Kyoto, Japan

Bristol, United Kingdom

Prize motivation: “for his prediction of the existence of

. . Prize motivation: “for his development of the photographic
mesons on the basis of theoretical work on nuclear forces”

method of studying nuclear processes and his discoveries

Photo from the Nobel regarding mesons made with this method”
Prize share: 1/1 Foundation archive.

Prize share: 1/1

Rev.Mod.Phys.71:1411-1462,1999

“Meson physics and the strong interactions
have been intimately connected since pions
were first introduced by Yukawa to explain
the inter-nucleon force .”

—S. Godfrey and J. Napolitano:
Light-meson spectroscopy




Observation of new resonances P
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A Structure at 2175-MeV in ete™ — ¢ f0(980) Observed via Initial-State Radiation
BaBar Collaboration « Bernard Aubert (Barcelona U., ECM) et al. (Oct, 2006)
Published in: Phys.Rev.D 74 (2006) 091103 « e-Print: hep-ex/0610018 [hep-ex]
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Determination of Spin-Parity Quantum Numbers of X(2370) as 0°* from J /¢ - yK2K '
BESIII Collaboration « Medina Ablikim (Beijing, Inst. High Energy Phys.) et al. (Dec 8, 2023)
Published in: Phys.Rev.Lett. 132 (2024) 18, 1819071 « e-Print: 2312.05324 [hep-ex]
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Timelike nucleon electromagnetic form factors: All about interference of isospin amplitudes
Xu Cac (Lanzhou, Inst. Modern Phys. and Beijing, GUCAS), Jian-Ping Dai (Yunnan U.), Horst Lenske (Giessen U.) (Sep 30, 2021)
Published in: Phys.Rev.D) 105 (2022) 7, LO71503 » e-Print: 2109.15132 [hep-ph]
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Electromagnetic Form Factors of A Hyperon in the Vector Meson Dominance Model and a Possible Explanation
of the Near-Threshold Enhancement of the Reaction

Zhong-Yi Li (Lanzhou, Inst. Modern Phys. and Beijing, GUCAS), An-Xin Dai (Lanzhou, Inst. Modern Phys. and Beijing, GUCAS), Ju-Jun Xie (Lanzhou,
Inst. Modern Phys. and Beijing, GUCAS and Zhengzhou U. and Lanzhou U.) {Jul 22, 2021)

Published in: Chin.Phys.Lett. 39 (2022) 1, 011201, Chin.Phys.Lett. 39 (2022) 011201 « e-Print: 2107.10499 [hep-ph]
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® ¢* ¢ — @ n'; isospin one, contributed by p* state
@ Resonance parameters by p(1450) + p(1700) + Y(2040) fitting

v Mass 2034 + 13 £ 9 MeV and width 234 + 30 + 25 MeV

v Br*T, = (3411 +16) eV

v dominant uncertainty by other resonances and interference
® p(2000) or p(2150) ? contribution by p(1900) ?
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® BESIII: formular in published results
® Dianyong: theory formular
@ Joint effort by experiment and theorist ?
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PRD 103 072007
R
Feon "
® predominantly from pn’, non-p 5
contribution less than 10% 3
® pn’: G parity = +, p* state
® BaBar @ PRD 76 092005
v mass 1990 £ 80 MV .
v width 310 + 140 MeV " Mo Govier

® $(2000) or p(2150) ?
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® 7' £,(980) signal
® G parity =-, o* state ?
® BaBar result @ PRD 101 012011
v Mass: 2265 = 20 MeV; width 75 +125 -27 MeV
v Only2.6c
v ©(2205) or ©(2290) ? 7

- PRD 162012608
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® ¢n’ modes: iso-scalar
v ¢* and @* (OZI suppressed)
v useful to measure s5 parameters
® @ PR D96 054033
® ¢n’: free of $(1680) contribution
® $(2170) width (149.0 + 15.6 % 8.9) MeV
v Larger than ¢(2170) PDG value 24
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® G parity =+, p* state
® p(770)+p(1450)+p(1700)+Y (2000)
® Y(2000) @ PRD 97 052007

v mass 2010 + 40 MeV
v width 420 £ 90 MeV

¥ MC generator: ¢ & —p 1 @ p(2000) or p(2150) 2
v Without ¢* ¢ — a,(1320) ©

v reliable MC generator ?
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® ' or tnd: p signal

® p'1’: G parity =

-, OZI rule, o* state

® no published results on p'n®
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m'n: £,(1285) or n(1295) ?

® p(2150) @ PRD 76 092005
v mass 2150 + 40 + 50 MeV
v width 350 + 40 + 50 MeV

Possible partner of

. mk@
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Remaining 7' concentrated in p(770) region
e e > £,(1285) p(770) -> £,(1285) "
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® c'c > ¢nm around 2.4 GeV

v M=2406+32 MeV; '=57 158 MeV
45040 MeV; [=62102 MeV

v Significance <30
® e > K'K around 2.4 GeV

v myg < 1.06 GeV, assume as £,(980)
® $(2170) >  £,(980), ¢ £,(980) @ 2.4 GeV,
similar mode, partner of $(2170) ?

p* and @* @ [2.0, 3.0] GeV
W0hR (HEMZEAKS)

® How to study JFC = 1~ vector states ?

® Status of JPC =1-3S, & 3D, p*

® Status of JP¢ =1-3S, & 3D, o*

® Possible p*, ®* and ¢* with mass > 2.4 GeV

® What do we want ?
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KERNTFR=1E (MGI)

Mass (GeV)

3.0
5D 2.924
78 9.812 6D 2.861 65 2.871 " o
5D 2.681 5 ) '
69 2.613 55 T
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s 0(2270) —
48 2180 I 2D 2.236
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.(1 m:n) rf;mﬁﬂm
1D —+ 1.633 28 —4——1.665
15k 9(1%50)
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p(1450) F1 p(1700) BYUEESL

PDG 1976

Nuclear Physics B58 (1973) 31-44 Data Card Listings

For notation, see key at front of Listings.

T ! I ' I I
0 (o) o, l (1600)
a 6'°| 2+GeV (C i2_|8 GEV p~—)41'|' 65 RHC PRIME(1600,4PC=1-4) 1=i
Ak ot

. 40 P 20 P .
g The p' was first seen in
8 20 N 10 I~ ] ¥ {real or virtual) = f:'G - pn'rr+TT_
~ -
&) i , \ ) with the "‘+TV pair apparently in an S wave
E O O ) — (BINGHAM 72, DAVIER 73, SCHACHT 74, ALEXANDER 75).
S “(b) 47 (no p° (d) 47 (no p°
2 P°) (no p°)

2or ot - PDGl988

7]

0 20 30 40 L0 20 30 40 p(1450) |

M(47) (GeV) OMITTED FROM SUMMARY TA&LE

1505y = 1+(4

+ © Thus entry contains claims for veclor mesons in the
- 1250-1500- MeV range - Needs conhrmcuon see lhe

©omine review. under the ;{1700)

Fig. 7. yp — ata 7~ p. Four-pion invariant mass distributions with A™* excluded.

Photon energy (GeV) 6—12 12—18 p(1700) 0T ERA i

Mass (MeV) 1622 + 20 1624 + 50 NOTE ON p[l450} \‘\[)p(l?DO) : i

Width (MeV) 265 + 90 433 + 100 E.rlx mdlntmns that the 1600 MeVimass 1egion may
umtun two 17 I\$UI1.'1I‘I|.|..', wee j:l\r_n by € ﬂ‘a\‘lE 9
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BESIII: Physics Letters B 813 (2021) 136059

30¢ - s -+Thiswork —+ SND(2000)
. 25F s i SND(2016) — Total fit
25 b B - Y(2040)  --p
= F F | +—p(1450) - -p(1700)
c 20 E -.- Interference
T o1sC
3 -
1 10 —
‘o 50
+ C
L H
c 0F
-5
; I 1 1 1 I 1 1 1 ‘I.' ‘ 1 1 | 1 1 1 I 1 1
1 1.5 2 2.5 3
Is (GeV)

M = 2034 + 13 MeV,
=234 + 30 MeV,
eB(wn®) =34+ 11eV

Another structure is observed in the wm? cross section with a

significance of more than 106 and with a mass of m = (2034 +
13 £ 9)MeV/c?, width of I' = (234 4+ 30 & 25) MeV and TI'¢€ . por’
of (34+11+16) eV. This structure could either be the p(2000) or
the p(2150) state. However, the mass and width of the observed
resonance is closer to the p(2000) resonance, which is suggested
to be the 23D, state [41].

NAE= N/ ===
/W\IJEéIZI7<

BESIII: Phys. Rev. D 108, L111101 (2023)

: —i— BESIIT
2000 |— Total fit
| (d.) ---- Resonance
L - Interference
1000
= -
= R
= B B e . e et
= 0= LT R [EEETE S tomgmege R
T 3000 —
;ug - (b)
> |
B 2000 |-
1000 [
= = =
-1000 |—
C - | \ 1 | 1
2 2.2 2.4 2.6 2.8 3
Vs (GeV)

M = 2044 + 31+ 4 MeV,
=163+ 69 + 24 MeV,
I,.B(a,m) = 34.6 + 17.1 + 6.0
(137.1+ 733+ 2.1) eV

(137.1 £73.3 £2.1) eV, respectively. The observed struc-
ture agrees with the properties of the p(2000) resonance
observed in ete™ — wa’ [49], which indicates the first
observation of the decay p(2000) — a,(1320)x. To further

14



Y (2040){EHp (23 D)) 7S XM

7 s00l™_ Total widih I 5 KK'(1*410)
4
i 500 20 o 3
j - \ ; (1420) ik, 12701 e
I RVUE [ 1
B00f — = rm = m ol MP,(1235) o
S5t 200 w(1300)] g o K
i o0 ;}Q 20 K (1400}, e n(1800)
T4 0 PP 15 4
&t 1201, (1670) 1: ] Vi J o o, (1670)
= 3t 100 o i '0 — ¥
0 80 8 KK (1430)
ol LR o Ko o
1 - 40 ) 0.05
I 2 e np(1450)
20 o 0 ‘\nm(1650) 0 '
0 1 . 1 N | . 1 3.6 4.0 4.4 4.8 3.6 4.0 4.4 4.8 3.6 4.0 4.4 4.8
1 2 n 3 4 R (GeV)) R (GeVv™) R (GeV™")
PHYS. REV. D 102, 034037
-1
State Moy MeV) R (GeV)[6]  Torp (keV) 0 (23D SHIMIEF 3
p(1900) 1909 +17 +£25[16] 3.85~4.28 0.1958 ~0.1578 B 24k 20 eV E_ I\
p(2150) 2150 £ 17 [6] 4.74 ~ 498 10.0888 ~ 0.0806 E'/] jg ’ l_,_\J_, a5
p(2000) 2000 +£30 [38]  4.34~4.80 [0.0204 ~0.0160 TFo(43SHHIBEEFRE
p(2270) 2265 =40 [31] 440 ~4.80 0.0163 ~0.0129

MR Y (2034) = Y(2044) = p(2D) = Br(p(2D) -» wn®/a,(1320)7) > 100% !
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The ground states and the first radially excited states of D-wave vector p and ¢ mesons /7
&Tbtric

Guo-Liang Yu (North China Electric Power U., Baoding), Zhi-Gang Wang (North China Electric Power U., Bacding), Xiu-Wu Wang (North' C
Power U., Baoding), Hui-Juan Wang (Nerth China Electric Power U., Bacding) (Feb 22, 2021)

Published in: Int.LMod.Phys.A 36 (2021) 27, 2150197, Int.Mod.Phys.A 36 (2021) 2150197 » e-Print: 2102.11078 [hep-ph] ‘9

[@ reference search D2 citatiggj

pdf @ DOl [= cite

Assignments of the Y(2040), p(1900), and p(2150) in the quark model

Zheng-Ya Li (Zhengzhou U.), De-Min Li (Zhengzhou U.), En Wang {(Zhengzhou U.), Wen-Cheng Yan (Zhengzhou U.), Qin-Tao Song (Zhengzhou U.) (Feb
10, 2021)

Published in: Phys.Rev.D 104 (2021) 3, 034013 » e-Print: 2102.05356 [hep-ph]

pdf ¢ DOI 5 cite [@ reference search %) 13 citations

TABLEIV. Decay widths of ¥(2040) as the p(2°D,) (in MeV),
the initial mass is set to be 2034 MeV and the masses of all the
final states are taken from PDG [2].

Channel Mode p(2°Dy) Mode p(2°Dy)

1= — 070" xr 19.77 KK 0.32
#r(1300) 1481 KK(1460) 0.30

N

<
(5
2
2)

L(l) The screening effects play an important role in
studying the masses of ¥ (2040), p(1900), p(2150),

(1800 1.28 and p(3°D, ), and mass gaps around 100 MeV appear
1" =01 o 0.013 when we compare the MGI model predictions with the
7 . KK* 0.015
o(1420)z 668  w(1650)x  0.14 ones of the GI model.
KK*(1410) - 057 p(1450)n 051 (2) The newly observed state ¥(2040) should be the
== 11" pp 36.38 KK 0.13

1= >0"1+  a(1260)z 2660 R (1170)x 3520
KK,(1400)  0.098  b,(1235)y 623

KK,(1270)  0.19 resonance parameters [1,16,30].

same state as p(2000) which is omitted in the sum-
mary table of PDG [2], since they share the similar

=02 a(13208  976] KK3(1430) 0027 (3) The Y(2040), p(1900), and p(2150) can be inter-

1" 502  7my(1670)  39.15

17— 03 zw;(1670) 0.19

1= = 1-1F  5,(1235)p 1586  a,(1260)m 520
Total width 227.91

234 430 £ 25 [1]

respectively.

Experiment

preted as the p(2°D;), p(3°S)), and p(4°S)) states,

16
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2.2 2.4

E.n (GeV)

2.6

Dir ol
0—( S) — | M + P Mp I Parameters p(3S) p(2D) p(4S) p(3D)
M, (MeV) 1862 2003 2180 2283
\ T (MeV) 115 179 102 158
ree (eV) 156 20 63 16
1271F e L
MPir — ¢ nJDy(s) M = a (1320)7r o* D, (s) B (102) 1975  0.34 331 0.12
= a,(1320)x )
5 — Mf,* iy Mp*r;gt (Dz(Mg* B2 (102  18.1 0.40 5.52 0.29
2500 ! I ! I ! I I ! I ! L -_I I 4 I 1 I I
[ (b) +  BESII SND ] 2500; +  BESII
Vs Total fit 121rect i Total fit Direct
2000_—\__ = p'3sap = = P'isap 7 2000F ~—- p3S) = = p2D)
_ . p"4s-3p P'as3p o g [ p(4S) p(3D)
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TABLE III: Masses and decay properties of pi¢ .. P56 _»p» Pis_sp» and pjs_s,. Here, mixing angles for 35-2D wave and 45-3D wave
admixtures are taken as +£23.4° and £25.1°, respectively.

Positive angle Negative angle

Parameters Pisop Pisap Pisap Pasoap P3s_2p P3s_2p Pis_3p Pis_3p

Mass (MeV) 1828 2034 2150 2311 1828 2034 2150 2311

I (MeV) 109 243 103 182 97 207 77 192

[ e (V) 93.35 85.94 31.03 51.81 169.59 1.14 79.21 0.02
Lot o~ By, (132002 (€V) 5.51 7.25 1.11 4.75 27.15 3.67 x 107 9.76 5.52x 1077
[te-8B,0 (V) 6.87 7.17 0.72 2.20 30.01 5.96 x 1077 5.49 2.90 x 107°
Lueo- By 1255, (€V) 063  0.11 - - 092 328x10™
['to- By (€V) 12.70 2.61 2.74 1.00 1.38 0.14 0.46 2.01 %1073
oo B,y (V) 1.29 2.39 0.12 0.58 5.63 1.01 x 107° 0.89 7.35 x 1077
Lot o~ B,y (€V) 0.02 0.13 0.02 0.02 0.12 1.76 x 107° 0.03 2.62 %1077

Parameters Lot o= By 12850+~ (€V)

Fe" e~ 3?7’11‘%‘ (CV)

7’
P3s_op
"
P3s_op
’
Pas_3p
"
Pais_3p

0.20 (0.21)
0.02 (0.04)
0.93 (1.38)

0.20 (0.00006)

003 019~ Frete~ - f,(1285)ntn~ T i2H,

0.18 (2.52x107°) , /) =
0.03 (0.04) P3s—2pMp3s_op = ERAY.

0.03 4.3x1077)
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