Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

G PCy _ qt(1++
1P 1%(J"~) = 07 (1 )
Xbl( ) J needs confirmation.

Observed in radiative decay of the 7°(2S), therefore C = +. Branch-
ing ratio requires E1 transition, M1 is strongly disfavored, therefore
P=+. J =1 from SKWARNICK]I 87.

xp1(1P) MASS

VALUE (MeV) DOCUMENT ID

9892.78+0.26+0.31 OUR EVALUATION From average v energy below, using 7°(25)
mass = 10023.26 £ 0.31 MeV

Mxp(1P) — MT(15)

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
432.10+0.26+0.10 50 1 AAILd 24AC LHCB  xp1(1P) — T(lS),u"" n- I
1 Observed in prompt pp production. I

~ ENERGY IN T'(2S) DECAY

VALUE (MeV) DOCUMENT ID TECN  COMMENT

129.63+0.33 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
129.58+0.09+0.29 ARTUSO 05 CLEO 7T(25) = ~+X

128.8 +£0.4 +0.6 EDWARDS 99 CLE2 7T(25) = ~vx(1P)
131.7 £0.9 +1.3 WALK 86 CBAL T7(2S) — 0T~
131.7 £0.3 £1.1 ALBRECHT 85e ARG  7T(2S) — conv.yX
130.6 +0.8 +2.4 NERNST 85 CBAL T(25) - ~X

1290 +0.8 +1 HAAS 84 CLEO 7T(2S) — conv.yX
128.1 +0.4 +3.0 KLOPFEN... 83 CUSB 7(2S) —» ~X

130.6 +£3.0 PAUSS 83 CUSB T(2S) — ~~¢tT¢™

WEIGHTED AVERAGE
129.63+0.33 (Error scaled by 1.3)

2
X
Ao ARTUSO 05 CLEO 0.0
-~ .- - EDWARDS 99 CLE2 1.3
—+—— - WALK 86 CBAL 1.7
—+—— - - - ALBRECHT  85E ARG 3.3
- - NERNST 85 CBAL
- - HAAS 84 CLEO 0.2
- - KLOPFEN... 83 CUSB
- PAUSS 83 CUSB
6.6

(Confidence Level = 0.158)
| | | J

124 126 128 130 132 134 136 138

Xp1(1P) mass (MeV)

https://pdg.Ibl.gov Page 1 Created: 5/30/2025 07:48



Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

Xp1(1P) DECAY MODES

Mode Fraction (I';/T) Confidence level
N ~7T(1S) (35.2 £2.0) %
L, DOX (12.6 £2.2) %
3 ata  KTK—#0 (2.0 £0.6) x 10~4
My 2rta” K™ KY (1.3 £0.5) x 10~4
s 2rtn~ K~ K270 < 6 x 10—4 90%
e 2T 2rx 270 ( 8.0 £2.5) x 10~4
M, 2nt2r KT K~ (1.5 £0.5) x 10~4
g 2rt2n” KT K= x0 (35 +£1.2) x 10~4
Mo 2rt2n” KT K270 (8.6 +£3.2) x 10~4
Mo 3t 2r~ K~ Kn0 (9.3 £3.3) x 10~4
M1 37T 37~ (1.9 £0.6) x 10~4
Mo 3nt3r 270 (1.7 +£0.5) x 10~3
M3 3773r KT K™ (2.6 £0.8) x 10~4
M4 37370  KTK™ 70 (7.5 +2.6) x 10~4
M5 4ntT4n~ (2.6 £0.9) x 10~4
Me 4ntdn— 270 ( 1.4 +0.6) x 1073
17 wanything (49 £1.4)%
M8 W Xtetra < 4.44 x 10~4 90%
Mg J/YJ/y < 27 x 1072 90%
Moo J/¥9(2S) < 17 x 1072 90%
M1 ¥(25)9(2S) < 6 x 1072 90%
o J/¥(1S)anything < 11 x 1073 90%
M3 J/(18) Xietra < 227 x 10~4 90%

Xb1(1P) BRANCHING RATIOS

(v T(15))/Teotal /T
VALUE EVTS DOCUMENT ID TECN COMMENT
0.352::0.020 OUR AVERAGE
0.356 79010 +0.010 964k 1FULSOM 18 BELL T(25) — ~X
0.36440.017 +0.019 2,3,4 LEES 14M BABR T(2S) = ~vyutp~
0.331+0.018+0.017 3222 42 KORNICER 11 CLEO ete™ — yryete—
0.350£0.023£0.018 13k OLEES 11 BABR T(25) —» X~
0.34 £0.07 +0.02 53 47,8 WALK 86 CBAL T(25) — ~y~{Te¢~
0.47 +0.18 KLOPFEN... 83 CUSB T(2S) — ~y~¢T4~

lryLsom 18 reports [[(xp1(1P) = v T(15))/Tiotall X [B(T(2S) = vxp1(1P))] =

(2.45 + 0.021’8'%%) x 102 which we divide by our best value B(7(25) — vxp1(1P))

= (6.9 £ 0.4) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

2LEES 14M quotes T (xp1(1P) = 7 T(15))/Tioral X T(T(2S) = vYxp1(1P))/Tiotal
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= (2.51 4 0.12) % combining the results from samples of 7°(2S) — fy'yp+ u with
and without converted photons.
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3 LEES 14Mm reports [F(Xbl(lP) — fyT(lS))/rtota” x [B(T(2S) = vxp1(1P))] =
(2.51 + 0.12) x 10~2 which we divide by our best value B(7(25) — ~vxp1(1P)) =

(6.9 £ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

4 Assuming B(7(1S) — pt ) = (2.48 + 0.05)%.
5 KORNICER 11 reports [M(xp1(1P) = v T(15))/Tiotall X [B(T(25) = vxp1(1P))]
=(22.8+0.4£1.2)x 103 which we divide by our best value B(7(2S) = vxp1(1P))

= (6.9 £+ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

6 LEES 11J reports [M(xp1(1P) = ~T(1S))/Tiotall x [B(T(2S) = vxp1(1P))] =
(241 £06£15)x 103 which we divide by our best value B(7(2S) — vxp1(1P))

= (6.9 £+ 0.4) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

TWALK 86 quotes B(7(2S) — Yxp1(IP))xB(xp1(1P) = ~T(1S)) x B(T(1S) —
0t ) = (584 0.9+ 0.7) %.

8 WALK 86 reports M(xp1(1P) = Y T(1S))/Tiotall X [B(T(2S) = vxp1(1P))] =
(23.4 +3.63 £ 2.82) x 103 which we divide by our best value B(7(2S) = vxp1(1P))

= (6.9 £+ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

M(DOX) /T total ra/T
VALUE (units 1072) EVTS DOCUMENT ID TECN COMMENT
12.6+1.9+1.1 2310 1 BRIERE 08 CLEO T(25) — ~DOX

1 For Ppo > 2.5 GeV/e.

M(rt 7~ Kt K~ 7°) /Feotal ra/r
VALUE (units 1074) EVTS DOCUMENT ID TECN COMMENT
2.040.6+0.1 18 1 ASNER 08A CLEO T(2S) — yrta~ Kt K—#0

LASNER 08A reports [[(xp1(1P) — nta KT K™ wo)/rtota” x [B(T(2S) —
¥Yxp1(1P))] = (14 £ 3 £ 3) x 10~ which we divide by our best value B(T(2S) —

Yxp1(1P)) = (6.9 £ 0.4) x 10~2. Our first error is their experiment’s error and our
second error is the systematic error from using our best value.

rrt 7= K~ K2)/Ttotal Fa/T
VALUE (units 1074) EVTS DOCUMENT ID TECN COMMENT
1.3+0.5+0.1 11 L1ASNER 08A CLEO T(2S) — ~2rtn™ K~ K%

LASNER 08 reports [[(xp1(1P) — 27777 K= KQ)/Tiora]l x [B(T(2S) —
Yxp1(1P))] = (9 £3 £ 2) x 10~ which we divide by our best value B(T(2S) —

Yxp1(1P)) = (6.9 £ 0.4) x 1072, Our first error is their experiment’s error and our
second error is the systematic error from using our best value.

r(2rt 7~ K~ K2 21°) /Tiotal s/l
VALUE (units 1074) CL% DOCUMENT ID TECN COMMENT
<6 90 1 ASNER 08A CLEO T(2S) — ~2rt 7~ K~ 270

LASNER 08 reports [I'(xp1(1P) — 277~ K= K%270)/Tpea] x [B(T(25) —
Yxp1(1P))] < 42 x 10~ which we divide by our best value B(T(25) — Yxp1(1P))
-2
=6.9x 107 ~.
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(27t 2n~279) /T yoal e/l
VALUE (units 10’4) EVTS DOCUMENT ID TECN COMMENT
8.0+2.4+0.4 46 1 ASNER 08A CLEO T(2S) — ~2rnt 27— 270

1 ASNER 08A reports [I"(x p7 (1P) = 2t 27~ 270) /Fy 0] X [B(T(2S) = vxp1(1P))]
= (55 +9 &+ 14) x 10~0 which we divide by our best value B(7(25) — ~vyxp1(1P))

= (6.9 £ 0.4) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

F(2rt2r~ Kt K~) [Tiotal r7/T
VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
1.5+0.5+0.1 18 1 ASNER 08A CLEO T(2S) —» ~y2rt2r— Kt K~

LASNER 08A reports [[(xp1(1P) — 27T 2n KT K™)/Tiorall x [B(T(2S) —
Yxp1(1P))] = (10 £ 3 £ 2) x 10~ which we divide by our best value B(7(2S) —

Yxp1(1P)) = (6.9 £ 0.4) x 10~2. Our first error is their experiment's error and our
second error is the systematic error from using our best value.

r(2nt2r~ Kt K~ 7°) /Tiotal g/l
VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
35+1.240.2 22 L ASNER 08A CLEO T(25) —» ~2rt2n~ Kt K— 70

L ASNER 08A reports [[(xp1(1P) — 27127~ KT K= 79)/Fopal] X [B(T(2S) —
Yxp1(1P))] = (24 £ 6 £ 6) x 10~ which we divide by our best value B(T(2S) —

Yxp1(1P)) = (6.9 £ 0.4) x 1072, Our first error is their experiment's error and our
second error is the systematic error from using our best value.

r(2rt2n~ K+t K= 27%) /Tiotal Fo/T
VALUE (units 10’4) EVTS DOCUMENT ID TECN COMMENT
8.6+3.2+04 26 1 ASNER 08A CLEO T(2S) — ~2rt2r— Kt K270

L ASNER 08 reports [[(xp1(1P) — 2nt 27~ KT K~ 210) /I opa] x [B(T(25) —
Yxp1(1P))] = (59 & 14 £ 17) x 106 which we divide by our best value B(7(2S) —»

Yxp1(1P)) = (6.9 £ 0.4) x 1072, Our first error is their experiment’s error and our
second error is the systematic error from using our best value.

F(3nt2n~ K~ KY70) /Tiotal M10/T
VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
9.3+3.3+05 21 Ll ASNER 08A CLEO 7(2S) - ~3rT2r~ K~ K&x0

LASNER 08a reports [I'(xp1(1P) — 3727~ K= KQa0)/Tpia] x [B(T(25) —
Yxp1(1P))] = (64 & 16 £ 16) x 10~ which we divide by our best value B(T(2S) —»

Yxp1(1P)) = (6.9 £ 0.4) x 10=2. Our first error is their experiment’s error and our
second error is the systematic error from using our best value.

F(37%377) /Tiotal Ma1/T
VALUE (units 10*4) EVTS DOCUMENT ID TECN COMMENT
1.940.6+0.1 25 L ASNER 08A CLEO T(25) — ~3nt3x—

1 ASNER 08A reports M(xp1(1P) — 37T+37r_)/l_tota|] x [B(T(2S) = vxp1(1P))]
=(13£3+3)x 10~ which we divide by our best value B(7(2S) = vxp1(1P)) =

(6.9 £ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.
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(37 37~ 279) /T iotal M2/
VALUE (units 1074) EVTS DOCUMENT ID TECN COMMENT
17+5+1 56 1 ASNER 08A CLEO 7(2S) — ~3r 37— 20

1 ASNER 08A reports [I"(x p1 (1P) = 3t 377 210) /M opaf] X [B(T(2S) = vxp1(1P))]
= (119 £ 18 £ 32) x 10~ which we divide by our best value B(7(2S) = vxp1(1P))

= (6.9 £+ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

F(37% 37~ K+ K~) /Total M3/l
VALUE (units 10*4) EVTS DOCUMENT ID TECN COMMENT
2.6+0.8+0.1 21 1 ASNER 08A CLEO T(25) —» ~y3nT3r— KT K~

LASNER 08A reports [M(xp1(1P) — 3nt3n~ KT K™) /Mol x [B(T(2S) —
Yxp1(1P))] = (18 £ 4 + 4) x 10~ which we divide by our best value B(7(2S) —

Yxp1(1P)) = (6.9 £ 0.4) x 1072, Our first error is their experiment's error and our
second error is the systematic error from using our best value.

F(3n+ 37~ K+ K~ 7°) /Tiotal M4/
VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
75426404 28 L1 ASNER 08A CLEO T(25) — ~3rt3r~ Kt K— 70

LASNER 08A reports [[(xp1(1P) — 37137~ KT K™ 79)/Fioal] X [B(T(2S) —
Yxp1(1P))] = (52 £ 11 £ 14) x 106 which we divide by our best value B(T(2S) —»

Yxp1(1P)) = (6.9 £ 0.4) x 1072, Our first error is their experiment's error and our
second error is the systematic error from using our best value.

r(47l'+ 41r‘) /Ttotal M5/l
VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
2.6+0.9+0.1 24 1 ASNER 08A CLEO T(25) — ~vantan—

L ASNER 08A reports [[(xp1(1P) = 4nt477) /Tigeall X [B(T(2S) = vxp1(1P))]
= (18 £ 4 +£5)x 10~ which we divide by our best value B(7(2S) — vxp1(1P)) =

(6.9 £ 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

I (4nt 4n—27n9) /T ioral Me/T
VALUE (units 1074) EVTS DOCUMENT ID TECN COMMENT
14+5+1 26 1 ASNER 08A CLEO 7T(2S) — ~4rntar— 20

L ASNER 08A reports [I"(x p7 (1P) — 4ntar™270) /M ai] X [B(T(2S) = vxp1(1P))]
= (96 + 24 4+ 29) x 10~0 which we divide by our best value B(7(2S) — vxp1(1P))

= (6.9 + 0.4) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

r(w anything)/rtotal M7/
VALUE (units 1072) EVTS DOCUMENT ID TECN COMMENT
49+1.3+0.6 51k JIA 17A BELL et e~ — hadrons
r(w Xtetra) /Ttotal g/l
VALUE CL% DOCUMENT ID TECN COMMENT

<44.4 x 1075 90 LA 17A BELL et e~ — hadrons
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lFor a tetraquark state Xy 4,.,, with mass in the range 1.16-2.46 GeV and width in the
range 0-0.3 GeV. Measured 90% CL limits as a function of X;;,., mass and width range

from 3.3 x 1072 to 44.4 x 102,

F(J/9 /%) [Tiotal Mo/
VALUE (units 1075) CL% DOCUMENT ID TECN COMMENT
<27 90 1 SHEN 12 BELL 7(25) = ~v¢X

1 SHEN 12 reports < 2.7x 102 from a measurement of M(xp1(1P) = J/¥JI/Y) /Tiotall
% [B(T(25) = 7xp1(1P))] assuming B(T(25) — ~xp1(1P)) = (6.9 + 0.4) x 10 2.

I (J/9%(2S)) /Tiotal F2o/T
VALUE (units 1075) CL% DOCUMENT ID TECN COMMENT
<17 90 1 SHEN 12 BELL 7(25) — v¢X

LSHEN 12 reports < 1.7 x 1072 from a measurement of [I"(xp1(1P) — J/%4(25))/
Miotall X [B(T(2S) = vxp1(1P))] assuming B(7(2S) — vxp1(1P)) = (6.9£0.4) x
102

T (%(25)%(25)) /Ttotal F21/T
VALUE (units 10_5) CL% DOCUMENT ID TECN COMMENT
<6 90 1 SHEN 12 BELL 7(25) » ~¢X

1 SHEN 12 reports < 6.2 x 10~ from a measurement of [M(xp1(1P) — ¥(25)v(25))/
rtoth] x [B(T(25) = vxp1(1P))] assuming B(T(25) = ~vxp1(1P)) = (6.9£0.4) x
107 ~.

I (J/4(1S)anything) /Tiotal M/l
VALUE CL% DOCUMENT ID TECN COMMENT

<1.1x10-3 90 JIA 17A BELL et e~ — hadrons
r(J/"p(lS) xtetra) /rtotal I-23/r
VALUE CL% DOCUMENT ID TECN COMMENT

<22.7 x 10~5 90 LA 17A BELL et e~ — hadrons

LFor a tetraquark state Xtetra' with mass in the range 1.16-2.46 GeV and width in the
range 0-0.3 GeV. Measured 90% CL limits as a function of X;;,., mass and width range

from 1.8 x 1072 t0 22.7 x 102,

Xb1(1P) Cross-Particle Branching Ratios

M(xp1(1P) = ¥ T(1S)) /Tiotal x F(7(2S) = vxb1(1P))/Ttotal
My /T x F1®9)rres)

VALUE (units 10_3) EVTS DOCUMENT ID TECN COMMENT
24.1+0.6+1.5 13k LEES 11) BABR T(25) —» X~
B(xb1(1P) = 7 T(1S)) x B(T(25) = vxp1(1P)) x B(T(1S) =+ £+¢7)
VALUE (units 10_4) EVTS DOCUMENT ID TECN  COMMENT
5.904+0.34 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
0.47 +0.44 —
6.86 04t T 03 1 LEES 14M BABR T(25) —» yyutp
5.6540.1140.27 3222 KORNICER 11 CLEO ete™ — y~yete—
5.8 +£0.9 £0.7 53 WALK 86 CBAL T(25) — ~~y0T 0~
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lFrom a sample of 7(2S) — fy'yu+ ©~— with one converted photon.

WEIGHTED AVERAGE
5.90+0.34 (Error scaled by 1.3)

¢

2

X

- - LEES 14M BABR 2.9
--------- KORNICER 11 CLEO 0.7
N - WALK 86 CBAL _ 0.0

3.6

(Confidence Level = 0.167)
| J

3 4 5 6 7 8 9 10

B(xp1(1P) = 7 T(1S)) x B(T(25) = vxp1(1P)) x B(T(1S) — £7¢7)
(units 1074)

B(xp1(1P) = 7 T(1S)) x B(T(3S) = vxp1(1P)) x B(T(1S) — £+£7)

VALUE (units 10’5) EVTS DOCUMENT ID TECN COMMENT
1.30+0.34 OUR AVERAGE

78+40.14 -
11670 8004 1 LEES 14M BABR T(3S) — yyutp
1.334+0.30+0.23 50 KORNICER 11 CLEO eTe™ — ~yete—

1 From a sample of 7(3S) — vy pt ™ with converted photons.

B(xp2(1P) = pX + PX)/B(xp1(1P) = pX + PX)

VALUE DOCUMENT ID TECN COMMENT
1.0680.010+0.040 BRIERE 07 CLEO T(25) = ~vxps(1P)
B(xpo(1P) = pX + PX)/B(xp1(1P) = pX + PX)

VALUE DOCUMENT ID TECN COMMENT
1.1140.15+0.20 BRIERE 07 CLEO T(25) = ~vxps(1P)

Xp1(1P) REFERENCES

AALJ 24AC JHEP 2410 122 R. Aaij et al. (LHCb Collab.)
FULSOM 18 PRL 121 232001 B.G. Fulsom et al. (BELLE Collab.)
JIA 17A° PR D96 112002 S. Jia et al. (BELLE Collab.)
LEES 14M PR D90 112010 J.P. Lees et al. (BABAR Collab.)
SHEN 12 PR D85 071102 C.P. Shen et al. (BELLE Collab.)
KORNICER 11 PR D83 054003 M. Kornicer et al. (CLEO Collab.)
LEES 11J PR D84 072002 J.P. Lees et al. (BABAR Collab.)
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ASNER 08A
BRIERE 08
BRIERE 07
ARTUSO 05

EDWARDS 99
SKWARNICKI 87

WALK 86
ALBRECHT 85E
NERNST 85
HAAS 84
KLOPFEN... 83
PAUSS 83

PR D78 091103
PR D78 092007
PR D76 012005
PRL 94 032001
PR D59 032003
PRL 58 972
PR D34 2611
PL 160B 331
PRL 54 2195
PRL 52 799
PRL 51 160
PL 130B 439

D.M. Asner et al.
R.A. Briere et al.
R.A. Briere et al.
M. Artuso et al.
K.W. Edwards et al.
T. Skwarnicki et al.
W.S. Walk et al.

H. Albrecht et al.
R. Nernst et al.

J. Haas et al.

C. Klopfenstein et al.

F. Pauss et al.

(Crystal Ball
(Crystal Ball
(ARGUS
(Crystal Ball
(CLEO
(CusB

(MPIM, COLU, CORN,
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