X(3872) IG(JPC) =otat™

First observed by CHOI 03 in B — K= "7~ J/1(1S) decays as a
narrow peak in the invariant mass distribution of the 7 7~ J/(1S)
final state. Isovector hypothesis excluded by AUBERT 05B and
CHOI 11.

AAlJ 13Q perform a full five-dimensional amplitude analysis of
the angular correlations between the decay products in Bt —
X(3872) KT decays, where X(3872) — J/ynt 7 and J/¢p —
,u"" u~, which unambiguously gives the JPC =1t+ assignment
under the assumption that the 7+ 7~ and J/v are in an S-wave.
AAIlJ 15A0 extend this analysis with more data to limit D-wave
contributions to < 4% at 95% CL.

See our note on “Developments in Heavy Quarkonium Spec-

troscopy” .
X(3872) MASS FROM J/¥ X MODE

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
3871.69+ 0.17 OUR AVERAGE
3871.9 + 0.7 £02 20+5 ABLIKIM 14 BES3 eTe™ — J/ymnta -~
3871.95+ 0.48+0.12 0.6k AAILJ 12H LHCB pp — J/yata—X
3871.85+ 0.2740.19 ~ 170 1 CHOI 11 BELL B — Kata~J/y
3873 T 18 £13 27+8 2DEL-AMOSA108 BABR B — wl/yK
3871.61% 0.16+0.19 6k 23 AALTONEN 09AU CDF2 pp — J/ynt o= X
3871.4 £+ 0.6 +0.1 93.4 AUBERT 08y BABR Bt — KT /yrta—
3868.7 + 1.5 £0.4 9.4 AUBERT 08y BABR B0 — K%J/wnﬂr*
3871.8 4+ 3.1 £3.0 522 2,4 ABAZOV 04F DO pp— J/prta— X
e o o We do not use the following data for averages, fits, limits, etc. ® o @
3868.6 + 1.2 £0.2 8 5 AUBERT 06 BABR BO K%J/wnﬂr—
38713 + 0.6 +0.1 61 5 AUBERT 06 BABR B~ — K J/yrTa—
3873.4 + 1.4 25 6 AUBERT 05k BABR Bt — KT /yrta—
38713 4+ 0.7 £0.4 730 27 ACOSTA 04 CDF2 pp— J/nta— X
3872.0 + 0.6 +0.5 36  8CHOI 03 BELL B — Krnta~J/y
3836 413 58 29 ANTONIAZZI 94 E705 300 nTLi —

Jiprta X
1 The mass difference for the X(3872) produced in BT and BY decays is (—0.71+0.96 +
0.19) MeV.
2\idth consistent with detector resolution.
A possible equal mixture of two states with a mass difference greater than 3.6 MeV/c2
is excluded at 95% CL.
Calculated from the corresponding mx(3872) — MJ /4 using mJ/w:3096.916 MeV.

5 Calculated from the corresponding mMx(3872) ~ My(25) using My (25) = 3686.093
MeV. Superseded by AUBERT 08Y.

6 Calculated from the corresponding Mx(3872) ~ My(25) using My (2S) = 3685.96MeV.
Superseded by AUBERT 06.

7 Superseded by AALTONEN 09AU.

8Superseded by CHOI 11.

9 A lower mass value can be due to an incorrect momentum scale for soft pions.

X(3872) MASS FROM D*% D% MODE

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
e e o \We do not use the following data for averages, fits, limits, etc. ® o @
3872.97 0004 50 L2AUSHEV ~ 10 BELL B — D*0p0k
3875.1J_r8'gi0.5 3346  2AUBERT 088 BABR B — D*0pO0k

3875.2+0.71 - 24+ 6 23GOKHROO 06 BELL B — DODO-0k
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1 Calculated from the measured mMX (3872) ~Mp+0~Mp0 = 111‘821‘8% MeV.

2 Experiments report D*0 DO invariant mass above D*0 DO threshold because D*0 decay
products are kinematically constrained to the p*0 mass, even though the D*0 may decay
off-shell.

3 Superseded by AUSHEV 10.

Mx(3872) — My/yp

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

774.91+3.1+3.0 522 ABAZOV 04F DO  pp— J/pnTa— X
Mx(3872) — My(2S)

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @

187.4+1.4 25 1 AUBERT 05k BABR Bt — KT J/yrta—
1Superseded by AUBERT 06.
X(3872) WIDTH

VALUE (MeV) CL% EVTS DOCUMENT ID TECN COMMENT

<12 90 CHOI 11 BELL B — Krta— J/y

e e o \We do not use the following data for averages, fits, limits, etc. e o @

<2.4 90 ABLIKIM 14 BES3 ete™ — J/prnta o«
<33 90 AUBERT 08y BABR Bt — Kt /prntno—
<4.1 90 69 AUBERT 06 BABR B — Krxtx— J/y
<23 90 36  lcHol 03 BELL B— Katrz—J/p

1Superseded by CHOI 11.

X(3872) WIDTH FROM D*? D° MODE

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @
39128402 50 L AUSHEV 10 BELL B — D*0pOk
3.oﬂ~2io.9 33+6 AUBERT 088 BABR B — D*0pOk

LWith a measured value of B(B — X(3872)K) x B(X(3872) — D*0D0) = (0.80 +
0.20 £+ 0.10) x 10*4, assumed to be equal for both charged and neutral modes.

X(3872) DECAY MODES

Mode Fraction (I';/T)
B ete™
Mo 7wta=J/p(1S) > 26%
M3 p°J/P(1S)
gy  wd/yY(1S) > 1.9%
s DODOx0 >32 %
Mo D*Opo >24 %
7 vy
rg DODO
) Dt D~
Mo  YXea
M1 YXe2
F12 ’)/J/’(/) > 6 x 103
M3 ’7’(#(25) > 3.0%
Fa 7wt n(15) not seen
M5 I Xcl not seen
M6 PP not seen

C-violating decays
M7 nd/y
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X(3872) PARTIAL WIDTHS

M(eter) M
VALUE (eV CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @

< 43 90 1 ABLIKIM 15v BES3 4.0-44eTe™ — ntna— J/
<280 90 2 YUAN 04 RVUE ete™ — ntx—J/¢

LABLIKIM 15V reports this limit from the measurement of r(x(sr2) —
T x ™ J/p(1S)) x T(X(3872) — ete™)/I < 0.13 eV using (X(3872) —
rtx= J/(18))/T = 3%.

2Using BAI 98E data on et e~ — atr—¢te~. Assuming that F(xt 7= J/4) of
X(3872) is the same as that of 1(25) (85.4 keV).

X(3872) I(i)r(e*e™)/I(total)

I'(1r+ v J/q/;(lS)) X I'(e"‘ e‘)/l’tom Mol /T
ML % DOCUMENT ID TECN COMMENT
< 0.13 90 ABLIKIM 15v BES3 4.0-44ete” — nta—J/y
e o o We do not use the following data for averages, fits, limits, etc. @ o @
< 6.2 90 1,2 AUBERT 05D BABR 10.6 et e~ —
KtKk—ntn— ¥
< 83 90 2 DOBBS 05 CLE3 eTe™ — nta—J/y
<10 ) 3 YUAN 04 RVUE ete™ — ata—J/

Lusing B(X(3872) — J/ynt ™) -B(J/vp — pTp~) - T(X(3872) — et e™) < 0.37
eV from AUBERT 05D and B(J/¢ — ;[" ©~) = 0.0588 + 0.0010 from the PDG 04.

2 Assuming X(3872) has JPC =1——.

3Using BAI 98E data on et e~ — #wt 7~ ¢t ¢~. From theoretical calculation of the
production cross section and using B(J/¢ — ptpu™) = (5.88 £ 0.10)%.

X(3872) I(i)[(vv)/r (total)

Izt 7= J/9(1S)) x T(77)/Teotal Fal7/T

VALUE (eV) CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @

<12.9 90 1 poBBS 05 CLE3 ete™ — nta— J/yny
1Assuming X(3872) has positive C parity and spin 0.

F(wJ/$(1S)) x T(v7)/Frotal Fal7/T

VALUE (eV) CLY% DOCUMENT ID TECN COMMENT

e e o We do not use the following data for averages, fits, limits, etc. e o @

<1.7 90 1 LEES 12ADBABR ete™ — ete~wi/y
1 Assuming X(3872) has spin 2.

(7t 7~ 1c(1S)) x F(v7)/Teotal T14l7/T

VALUE (eV) CLY% DOCUMENT ID TECN COMMENT

<111 90 LEES 12AE BABR ete™ — ete ntn o,

X(3872) BRANCHING RATIOS

F(xt 7~ J/9(15)) /Teotal r2/r
VALUE EVTS DOCUMENT ID TECN COMMENT
>0.026 93 + 17 1 AUBERT 08y BABR B — X(3872)K
e e o We do not use the following data for averages, fits, limits, etc. e o @

seen 151 2BALA 15 BELL B — X(3872)Kr
>0.04 30 3 AUBERT 05k BABR BT — Ktzxta—J/y

>0.04 36+7  4cHol 03 BELL Bt — Ktztz—J/yp

12/2/2016 18:34 Page 3

NODE=M176220

NODE=M176W1
NODE=M176W1

NODE=M176W1;LINKAGE=B

NODE=M176W1;LINKAGE=A

NODE=M176230

NODE=M176G1
NODE=M176G1

NODE=M176G1;LINKAGE=AU

NODE=M176G1;LINKAGE=DO
NODE=M176G1;LINKAGE=A

NODE=M176232

NODE=M176H1
NODE=M176H1

NODE=M176H1;LINKAGE=DO

NODE=M176G01
NODE=M176G01

NODE=M176G01;LINKAGE=LE

NODE=M176G02
NODE=M176G02

NODE=M176235

NODE=M176R6
NODE=M176R6



LAUBERT 08Y reports [[(X(3872) —  wtm J/$(1S))/Tyorall x [B(BT —
X(3872) KT)] = (8.4 £ 1.5 £0.7) x 106 which we divide by our best value B(BT —
X(3872) K1) < 3.2 x 1074,

2BALA 15 reports B(X(3872) — ntn~ J/i) x B(BY — X(3872)Kt 7)) = (7.9 +
1.3 + 0.4) x 1076 and B(X(3872) — =T a~ J/¥) x B(BT — X(3872) K07 1) =
(10.6 £ 3.0 &£ 0.9) x 1070,

3Superseded by AUBERT 08Y. AUBERT 05R reports [F(X(3872) — ata— J/¥(1S))/
Trotall ¥ [B(BT — X(3872) KT)] = (1.28 + 0.41) x 10> which we divide by our
best value B(BT — X(3872) K1) < 3.2 x 1074

4 CHOI 03 reports [I(X(3872) — 7T 7~ J/1(1S))/Tiorall ¥ [B(BT — X(3872)K1)]
/ [B(BT — 4(2S)K1)] / [B(w(2S) — J/4(1S)xT 7)) = 0.063 & 0.012 + 0.007
which we multiply or divide by our best values B(BT — X(3872) KT) < 3.2 x 10™4,
B(BT — %(25)KT) = (6.26 + 0.24) x 104, B(x(2S) — J/y(1S)ntn™) =
(34.49 + 0.30) x 102,

M (wJ/9(15))/Tiotal /T
VALUE EVTS DOCUMENT ID TECN COMMENT
>0.019 2147 1 DEL-AMO-SA..108 BABR Bt — wJ/yK™T

1 DEL-AMO-SANCHEZ 108 reports [I(X(3872) — wJ/¥(15))/Tiorall X [B(BT —
X(3872) K1) = (6 £ 2 & 1) x 10~0 which we divide by our best value B(BT —
X(3872)KT) < 32 x 1074 DEL-AMO-SANCHEZ 108 also reports B(BO —
X(3872) KO) x B(X(3872) — J/¢pw) = (6 +3 + 1) x 1070,

I (wJ/¥(1S)) /T (xt 7~ J/9(1S)) F4/T2
VALUE DOCUMENT ID TECN  COMMENT
0.8+0.3 1 DEL-AMO-SA..108 BABR B — wl/YK

L statistical and systematic errors added in quadrature. Uses the values of B(B —
X(3872)K) x B(X(3872) — J/¢pmt w) reported in AUBERT 08Y, taking into ac-
count the common systematics.

r(D°D%7%) /T eotal s/l
VALUE EVTS DOCUMENT ID TECN COMMENT
>0.32 1745 1GOKHROO 06 BELL BT — DODO-0k+

1 GOKHROO 06 reports [I'(X(3872) — DODO70)/ry ] x [B(BT — X(3872) K1)]
=(1.02+ 0.31+0'21) % 10~* which we divide by our best value B(B+ — X(3872) K1)

—0.29
<32x1074.
I (D*0 D%) /T yotal e/l
VALUE EVTS DOCUMENT ID TECN COMMENT
>0.24 13 1AUSHEV 10 BELL B+ — p*0pOk+
e e o We do not use the following data for averages, fits, limits, etc. e o @
>0.5 27+ 6 2 AUBERT 088 BABR Bt — D*0p0k+

L AUSHEV 10 reports [I(X(3872) — D*0D0)/r, .1l x [B(BT — X(3872)kT)] =
(0.77 £ 0.16 £ 0.10) x 10~* which we divide by our best value B(BT — X(3872) K1)
<32x1074

2 AUBERT 088 reports [I(X(3872) — D*0p0)/r, .l x [B(BT — X(3872)Kt)] =
(1.67 £ 0.36 + 0.47) x 10~# which we divide by our best value B(BT — X(3872)KT)
<32x1074.

r(DODP#0) /1 (x+ 7~ J/9(1S)) Is/I2
VALUE DOCUMENT ID TECN COMMENT

seen 1GOKHROO 06 BELL B — DOD0-0k

e o o We do not use the following data for averages, fits, limits, etc. ® o @

seen AUSHEV 10 BELL B — DODOr0k

1 May not necessarily be the same state as that observed in the J/w7r+ﬂ_ mode. Su-
persedes CHISTOV 04.

r(D°DO)/r(at == J/4(1S)) g/l

VALUE DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @

not seen CHISTOV 04 BELL B — KkDODO
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r(D* D) /r(a* 7= J/$(1S)) lo/T2
VALUE DOCUMENT ID TECN COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. ® o @
not seen CHISTOV 04 BELL B — KDtD—
F(vXc1) /T (xF 7~ J/9(1S)) Mo/I2
VALUE CL% DOCUMENT ID TECN COMMENT

not seen L1BHARDWAJ 13 BELL BT — x 7K'
<0.89 90 CHOI 03 BELL B — Krntx—J/y

1 Reported B(BT — X(3872) KE) x B(X(3872) — 7xc1) < 1.9x 1076 at 90% CL.
I (vxe2) /T (xF 7~ J/(1S)) M1/M2
VALUE DOCUMENT ID TECN COMMENT
not seen 1BHARDWAJ 13 BELL BF — yvKt

1 Reported B(BT — X(3872) KE) x B(X(3872) — yxcp) < 6.7 x 1070 at 90% CL.
F(vJ/%)/Teotal M2/l
VALUE EVTS DOCUMENT ID TECN COMMENT
>6 x10~3 1BHARDWAJ 11 BELL BT — ~J/ypkT
e o o We do not use the following data for averages, fits, limits, etc. ® o @
>9 x 1073 20 2 AUBERT 098 BABR Bt — yJ/yKT
>0.010 19 3 AUBERT,BE 06M BABR Bt — ~J/pKT

1 BHARDWAJ 11 reports [F(X(3872) — vJ/¥)/Tiorall X [B(BT — X(3872)KT)] =

(1787028 £ 0.12) x 1076 which we divide by our best value B(BT — X(3872) KT)

<32x1074.

2 AUBERT 098 reports [[(X(3872) — ~vJ/¥)/Tyorall * [B(BT — X(3872)KT)] =
(2.8 £ 0.8+ 0.1) x 109 which we divide by our best value B(BT — X(3872)KT)
<32x1074

3 Superseded by AUBERT 098. AUBERT,BE 06M reports [ (X(3872) — ~vJ/¥)/Totall
x [B(BT — X(3872)KT)] = (3.3 £ 1.0 & 0.3) x 10~ which we divide by our best
value B(BT — X(3872) K1) < 3.2 x 10~4.

[ (v¥(2S)) /Teotal 3/l
VALUE EVTS DOCUMENT ID TECN COMMENT

seen 36 +£ 9 L aal 14AHLHCB Bt — ~9(28)KT
>0.030 25+7  2AUBERT 098 BABR BT — ~y(2S)K™T
e o o We do not use the following data for averages, fits, limits, etc. ® o @

not seen 3BHARDWAJ 11 BELL Bt — yp(2S)KT

LFrom 36.4 + 9.0 events of X(3872) — J/v~ decays with a statistical significance of
4.40.

2 AUBERT 098 reports [I'(X(3872) — ~v4(2S))/Tiorall X [B(BT — X(3872)K)] =
(9.5 + 2.7 + 0.6) x 10~6 which we divide by our best value B(BT — X(3872)K™T)
<32x1074

3BHARDWAJ 11 reports B(BT — K1 X(3872)) x B(X — ~y(25)) < 3.45 x 10~0
at 90% CL.

I (v9(28))/r (vJ/%) M3/T12
VALUE ClL% EVTS DOCUMENT ID TECN COMMENT
2.6 +0.6 OUR AVERAGE
2.46+0.64+0.29 36+9 laal 14AHLHCB BT — yy(2S)KT
34 +1.4 AUBERT 098 BABR Bt — ~cekK’
e e o \We do not use the following data for averages, fits, limits, etc. e o @
<21 90 BHARDWAJ 11 BELL BT — 4¢(2S)KT

1From 36.4 4 9.0 events of X(3872) — J/1~ decays with a statistical significance of
4.40.

r(7|'+ T Xcl)/rtotal Ms/T
VALUE DOCUMENT ID TECN _ COMMENT
not seen 1BHARDWAJ 16 BELL BT — ntr=yx K+ |

1BHARDWAJ 16 quotes B(BT — X(3872) KT)-B(X(3872) — nt 7~ x1) < 1.5x
1076 at 90% CL.
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F(pp) /I (x* 7= J/9(1S)) l6/T2 NODE—=M176R02
VALUE CL% DOCUMENT ID TECN  COMMENT NODE=M176R02
<2.0x10~3 95 L AAl 135 LHCB Bt — ppKT

LAAIJ 135 reports [[(X(3872) — pp)/M(X(3872) — =T x— J/p(1S))] x [B(BT —
X(3872)KT, X — J/ypntr7)] < 1.7 x 108 which we divide by our best value
B(BT — X(3872)KT, X — J/pnTn—)=286x10"0.

NODE=M176R02;LINKAGE=A

C-violating decays NODE=M176405

F(nJ/9)/T (x* =~ J/$(15)) M17/T2 NODE=M176R2
VALUE CL% DOCUMENT ID TECN COMMENT NODE=M176R2
<0.4 90 L2 |\WASHITA 14 BELL B — KnJ/¢

e o o We do not use the following data for averages, fits, limits, etc. ® o @

<0.6 90 AUBERT 04y BABR B — KnJ/y

LIWASHITA 14 reports [F(X(3872) — nJd/v)/T(X(3872) — ata— J/¥(18))] x
B(BT — X(3872)Kt, X — J/patr7)] < 3.8 x 1070 which we divide by
our best value B(BT — X(3872)Kt, X — J/ynTn~) =8.6x10"9.

2 |WASHITA 14 also scans the nJ /vy mass range 3.8-4.75 GeV and sets upper limits for
B(BE — X(3872) KT)xB(X(3872) — nJ/¢) in 5 MeV intervals.
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ABLIKIM 15V PL B749 414 M. Ablikim et al. (BES 1Il Collab.) REFID=56787
BALA 15 PR D91 051101 A. Bala et al. (BELLE Collab.) REFID=56408
AAIJ 14AH NP B886 665 R. Aaij et al. (LHCb Collab.) REFID=55897
ABLIKIM 14 PRL 112 092001 M. Ablikim et al. (BES 1Il Collab.) REFID=55647
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BHARDWAJ 13  PRL 111 032001 V. Bhardwaj et al. (BELLE Collab.) REFID=55412
AAIJ 12H EPJ C72 1972 R. Aaij et al. (LHCb Collab.) REFID=54056
LEES 12AD PR D86 072002 J.P. Lees et al. (BABAR Collab.) REFID=54751
LEES 12AE PR D86 092005 J.P. Lees et al. (BABAR Collab.) REFID=54752
BHARDWAJ 11  PRL 107 091803 V. Bhardwaj et al. (BELLE Collab.) REFID=53779
CHOI 11 PR D84 052004 S.-K. Choi et al. (BELLE Collab.) REFID=53934
AUSHEV 10 PR D81 031103 T. Aushev et al. (BELLE Collab.) REFID=53225
DEL-AMO-SA...10B PR D82 011101 P. del Amo Sanchez et al. (BABAR Collab.) REFID=53362
AALTONEN ~ 09AU PRL 103 152001 T. Aaltonen et al. (CDF Collab.) REFID=53098
AUBERT 09B PRL 102 132001 B. Aubert et al. (BABAR Collab.) REFID=52722
AUBERT 08B PR D77 011102 B. Aubert et al. (BABAR Collab.) REFID=52120
AUBERT 08Y PR D77 111101 B. Aubert et al. (BABAR Collab.) REFID=52265
AUBERT 06 PR D73 011101 B. Aubert et al. (BABAR Collab.) REFID=51017
AUBERT,BE  06M PR D74 071101 B. Aubert et al. (BABAR Collab.) REFID=51454
GOKHROO 06  PRL 97 162002 G. Gokhroo et al. (BELLE Collab.) REFID=51432
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