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B — J/\I) + A” :: BaBar, Phys. Rev. D67,032002 ::

2 Ine*e collisions at /s ~ myus) with 20.3 fb-! they measure: B — |/ + Alll.

2 InB— J/W + All there is a feed-down from Xci2 = J/W y and D(2S) — J/W 117 1T
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5/16
B — J/\I) + A” :direCt :: BaBar, Phys. Rev. D67,032002 ::

2 Subtracting the feed-down from Xci2 — J/W v and P(2S) = /P TT* 1T,
they obtain the p" decay distribution of |/\b produced directly in B decays.
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6/16
B — J/\I) + A” :direCt :: BaBar, Phys. Rev. D67,032002 ::

2 Subtracting the feed-down from Xci2 — J/W v and P(2S) = /P TT* 1T,
they obtain the p" decay distribution of |/\b produced directly in B decays.

2 Theoretical predictions reveal an excess at low py .
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B—J/p+AIll Two Body

7116
B — J/\l) + 7( :: K. Nakamura et al. (Particle Data Group), J. Phys. G 37,075021 (2010) ::

2 If the cc* pair is produced in color singlet configuration one has a
P P 8 8

two body decay: B — |/W %

g
B+ DECAY MODES Fraction (I';/T)
Charmonium modes
J/U(1S)KT ( 1.007+0.035) x 10—3
J/(1S) K*(892) T ( 1.43 £0.08 ) x 10—3
J/¥(1S)K(1270)™ ( 1.8 405 )x10—3
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B—J/p+AIll Two Body

8/16
B+ & . Belle, Phys. Rev. D83,032005 :

PHYSICAL REVIEW D 83, 032005 (2011)
Study of the K™ 7w7 7~ final statein B™ — J/ YK " w"w and B" — 'K 7w @~
(The Belle Collaboration)

J, Submode Decay fraction
Nonresonant K~ 7~ 7~ 0.152 = 0.013 = 0.028
K,(1270) — K*(892)7 0.232 = 0.017 = 0.058
'+ K,(1270) = Kp 0.383 = 0.016 + 0.036
K,(1270) = Ke 0.0045 = 0.0017 = 0.0014
K,(1270) — K;(1430)7 0.0157 = 0.0052 = 0.0049
K,(1400) — K*(892)7 0.223 *+ 0.026 + 0.036
1= K*(1410) = K*(892) 7 0.047 = 0.016 = 0.015 n T
K3(1430) — K*(892) 0.088 = 0.011 + 0,011 BT — K;jJ/ — RiJ/b — J/p K o™
K3(1430) —= Kp 0.0233 (fixed) .
2t K3(1430) = Ko 0.00036 (fixed) B(BT — K;J/v — RiJ/v — J/ip KTnTr™) = Byoy !
K3(1980) — K*(892) 7 0.0739 = 0.0073 = 0.0095
K3(1980) — Kp 0.0613 = 0.0058 = 0.0059
K(1600) — K*(892)7r 0.0187 * 0.0058 * 0.0050
K(1600) — K p 0.0424 *+ 0.0062 = 0.0110
. K,(1770) — K*(892)7 0.0164 = 0.0055 = 0.0061
K,(1770) — K3(1430)7 0.0100 = 0.0028 = 0.0020
K>(1770) — Kf,(1270) 0.0124 =+ 0.0033 = 0.0022
K,(1770) — Kf(980) 0.0034 = 0.0017 = 0.0011

TABLE V. Fitted parameters of the signal function for B — J/ K" 7" 7, along with the corresponding decay fractions.
Thursday, March 7, 13




B—J/p+AIll Two Body

9/16
B — J/\I) + 7( :: Burns, Piccinini, Polosa, Prosperi, Sabelli, arXiv: | 104.1781::

2 From the fractions we compute the two body branching ratios

K; |mx, (GeV)|T'x, (GeV)| B(B" — K;J/¢) x 10°
K 0.494 - 95.0 & 3.6 k
K* 0.892 0.050 137.0 £ 7.8 *
K1(1270)|  1.270 0.090 144.0 & 29.3
K1(1400)|  1.403 0.174 25.1 +5.7
K*(1410)| 1.414 0.232 |>5.14+24 and < 11.8+5.7
K3(1430)| 1.430 0.100 40.2 £ 24.0
K>(1600)|  1.605 0.115 > 8.4+ 2.9
K>(1770)|  1.773 0.186 >4.4+1.5
K>(1980)| 1.973 0.373 > 15.2+2.5

* http://hfag.phys.ntu.edu.tw/b2charm/index.html
Thursday, March 7, 13



http://hfag.phys.ntu.edu.tw/b2charm/index.html
http://hfag.phys.ntu.edu.tw/b2charm/index.html

B—J/p+AIll Two Body

10/16
B — /Y + &

2 Two body contributions accounts for the high py region:
we found good agreement for py > 1.2 GeV.
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B — J/p +All Multi Body

[1/16
COlOI" Octet Contribution :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 If the cc” pair is produced in color octet configuration one has a
multi body decay.

2 NRQCD matrix elements describe the fragmentation (cc’)s—|/W.

2 Near the extreme endpoint of the kinematic region the effect of soft

I
gluon emission can be modelled with a non relativistic shape function. :ghths
2 ACCMM model accounts for the Fermi motion of the b-quark inside B. Q/QQS/
S

W

Hypothesis:
no interaction between the hard B
part and soft part of the process.

0000000000000000000000000000000000000000000000000000000000
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B — J/p +All Multi Body

12/16
COlOI" Octet Contribution :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 Two main parameters to model the color octet contribution:
NAocpe[200,450]MeV :the characteristic energy-momentum scale of the soft gluons;
pr €[300,450]MeV : Fermi momentum of the b-quark inside the B-meson.
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Which XYZ contribute to B — |/ +All ?

13/16

PRODUCTION
@® SR

@ B XK
@ B XK&pp > X+ all
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B — Jiy +All

B> X — % J/P + light hadrons

2 B — K(500) % — K(500) J/\p + light hadrons branching ratios are known:

XYZ

X;  |ma, (GeV)|T'x, (GeV) Final State B(B — KX; — K.J/v + light hadrons) x 10°
X(3872)|  3.872 0.003 | Jjpmim 0.72+0.22 [A
T/ w 0.6+ 0.3 [B]
Y(3940)|  3.940 0.087 T/ w 3.70 + 1.14 [C]
Y (4140)|  4.140 0.012 T/ 6 0.9+ 0.4 [D]
Y (4260)|  4.260 0.095 | J/W fo— Jjibntn 2.00 + 0.73 [C]

[A
B
C
D

2 For heavy kaons % we deduce the coupling B-% % from the B-K(500)% one:

| B. Aubert et al. (BABAR), Phys. Rev. D77, 111101 (2008), 0803.2838.
] P. del Amo Sanchez et al. (BABAR), Phys. Rev. D82, 011101 (2010), 1005.5190.

| http://hfag.phys.ntu.edu.tw/b2charm/index.html.

] K. Yi and f. t. C. collaboration, PoS EPS-HEP 2009, 2009:085,2009 (2009), 0910.3163.

Spin 0 & (X (e,p)K(q)|B(P)) :@e :

Spin | % (X(e, p)K(n,q)|B(P)) =(¢)e-n

We assum

.
q g =Ag

/\ some mass scale
\_

~

J

S

A\ = myg=1)
taking all X'to be Spin | states.
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15/16
Results (1)

2 We simulate the decay B = %X — % |/W + light hadrons taking into account the

partial decay wave.

2 We fit the sum of all the contributions to data using as a
free parameter the overall normalization of the color octet component.
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16/16
Results (2)

2 The best fit in the allowed region for the two parameters (A\oco, pr)
is obtained choosing: \ocp = 500 MeV and pr= 500 MeV.
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16/16
Results (2)

2 The best fit in the allowed region for the two parameters (A\oco, pr)
is obtained choosing: \ocp = 500 MeV and pr= 500 MeV.
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16/16
Results (3)

2 If the branching ratio due to XYZ turns out to be larger than the one measured
(more XYZ states!) the best fit could be obtained with more reasonable
parameters for the color octet component.
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B — J/\I) + A” :: BaBar, Phys. Rev. D67,032002 ::

2 Ine*e collisions at /s ~ myus) with 20.3 fb"! they measure:
B—J/p+AI,B = P(2S) +All, B = Xci,2 + Al

2 )Y - ete, ppr
P(2S) = e'e, W U and J/P TTHTT
Xei2 2 JIPy

TABLE II. Summary of B branching fractions (percent) to char-
monium mesons with statistical and systematic uncertainties. The
direct branching fraction is also listed, where appropriate. The last
column contains the world average values [15].

2@ (/P — e'e)=5.94%
(P = HTU)=5.93%

%@ (Ll)(zs) - e+e')=0.765% Meson Value Stat Sys World Average
@ (P(2S) = p*p’)=0.760% I | 1057  +0012  +0.040 1.15+0.06
J/ ¢ direct 0740  +0.023  +0.043 0.80+0.08
@ (P(2S) = J/p1ri1r)=33.1% Yot 0367  +0035  +0.044 0.36+0.05
Y., direct 0341  *0035  +0.042 033+0.05
0210 +0045  +0.031 0.07+0.04

—} - (o) XC2
2@ (X = )P Y)=34.1% Y., direct 0.190  +0.045  *+0.029 _

(X2 — /Y Y)=19.4% Y(2S) 0297  +0.020  *+0.020 0.35+0.05
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B — |/ +All

:: BaBar, Phys. Rev. D67,032002 ::

Total contribution

Feed-down contribution
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B — Jip + &

:: Belle, Phys. Rev. D83,032005 ::

2 535 x10¢BB" events (492 fb!) from e*e- collisions at /s ~ myas)

? AE = E*(B)'Ebeam and Mpc = \/(Ezbeam-P*z(B))
Signal region: -30ae < AE - pae < 30ae
Sideband region: -0.13 GeV < AE - Hae < -0.05 GeV
& +0.05 GeV < AE - pae < +0.13 GeV

2 @(B — J/P KTT*TT) = (7.16+0.10+0.60) x 104
@ (B — P(2S) K*TT*TT) = (4.31£0.20+0.50) x 104

2 The PDF is p(x,a), with x=M2(KTTTT),M2(KTT),M2(TTTT) and a=fit parameters

)(x;a) =|n PsX) ng Ps(¥;d)
s " [p(X)dx 3 [ ps(X;a)d’x

Signal \
ps(®: @) = e(D)P(®)s(%: a)

Background modelled
from sideband region

s(x: a) = s(x; a;)

=
=~ |anrAnr(»x)|~ 5 Z | Za.ll.l:A.hJ:(x) I
J J>
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B—J/p+AIll Two Body

B+ & . Belle, Phys. Rev. D83,032005 :

2 The K*TT*TT" final state is modelled as a non resonant signal
plus a superposition of initial state resonances R
The latter are assumed to decay through intermediate state resonances R»

Ry @ aR; and Ry — bc

Signal
ps(X; a) = e(X)p(X)s(x; a)

s @) =-=six:a;)

:
o @ A, (%) + Z ' az,,An %) I
hl,

complex coefficients

2 Since the components of the signal function are not individually normalized,
a decay fraction is calculated as

fr = [ dDNaAr(3)*dx
N f(b(-f)S(.i'f;&)dl?x
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B—J/p+AIll Two Body

B — J/\') + 7( :: Burns, Piccinini, Polosa, Prosperi, Sabelli, arXiv: | 104.1781::

2 Belle measures

B(Bt — K;J/v — RiJ/v— J/v K¥ntn™) = Bior f)
where the intermediate resonant states are

Ri=Kp, Kw, K*'w, K;(1430)7, K5(1430)7r and K fo 2

2 To extract two body branching ratios one needs to take into account
isospin multiplicity

B(B* — K;J/4 — RiJj — JJ K*+ntn) @x@(B* — K;J/$) x B(K; — Ri) x B(R; — Krr)

where the isospin factors are
T(Kp) =1/3, I(K*x) =I(K;(1430)7) = 4/9, T(Kw) =1, I(K fo) = I(K fa) = 2/3

so that

BUB* = K,9/ = Rl = I K*r) _ Buf?
T: x B(K; — Ri) x B(Ri — Krr) T: x B(K; — Ri) x B(R; — Knr)

B(Bt — K;J/¢) =

Thursday, March 7, 13



B—J/p+AIll Two Body

B — J/\l) + 7( :: Burns, Piccinini, Polosa, Prosperi, Sabelli, arXiv: | 104.1781::

2 Interference effects among different heavy kaons % have been neglected,

so that one needs to rescale the two body branching ratios by some factor.
B(BY — K;J/¢ — RiJ/Yp — J/p KTata™) = Bioy f/

. | :
i = x (1_m_{>fg Biot = (71.6 £ 14 6) x 1077
J

K; |mx, (GeV)|T'x, (GeV)| B(B" — K;J/¢) x 10°
K 0.494 - 95.0 & 3.6 *
K* 0.892 0.050 137.0 £ 7.8 %
K1(1270)|  1.270 0.090 144.0 & 29.3
K1(1400)|  1.403 0.174 25.1 + 5.7
K*(1410)| 1.414 0.232 |>5.14+24 and < 11.8+5.7
K3(1430)|  1.430 0.100 40.2 £ 24.0
K>(1600)|  1.605 0.115 > 8.4+ 2.9
K>(1770)|  1.773 0.186 >4.4+1.5
K2(1980)| 1.973 0.373 > 15.2+2.5

* http://hfag.phys.ntu.edu.tw/b2charm/index.html
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2 B — K(500) % — K(500) J/\p + light hadrons branching ratios are known:

B — J/p +All XYZ

B> X — % J/P + light hadrons

X;  |ma, (GeV)|T'x, (GeV) Final State B(B — KX; — K.J/v + light hadrons) x 10°
X (3872) 3 879 0.003 J/pp— Jpntr 0.72 + 0.22 [A]
J/ Y w 0.6 £ 0.3 [B]
Y (3940) 3.940 0.087 J/ P w 3.70 + 1.14 [C]
Y (4140) 4.140 0.012 J/p ¢ 0.9+ 0.4 [D]
Y (4260) 4.260 0.095 J/p fo— J/Yp mTwT 2.00 £0.73 [C]
[A] B. Aubert et al. (BABAR), Phys. Rev. D77, 111101 (2008), 0803.2838.
[B] P. del Amo Sanchez et al. (BABAR), Phys. Rev. D82, 011101 (2010), 1005.5190.
[C] http://hfag.phys.ntu.edu.tw/b2charm/index.html.
[D] K. Yi and f. t. C. collaboration, PoS EPS-HEP 2009, 2009:085,2009 (2009), 0910.3163.

2 For heavy kaons % we deduce the coupling B-% % from the B-K(500)% one:

Spin 0 % (X' (e, p)K(q)| B(P)) =g)e -
Spin | % (X (e, p)K(n, )| B(P)) =(g)e-n

From B(B — K*X(3872)) x B(X(3872) — J/y n7n~) < 0.34 x 107°

.
q g =Ag

/\ some mass scale
\_

~

J

we deduce /\ > 600 MeV = my+ and thus we assume /\ = mg|,
taking all X'to be Spin | states.
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B — J/p +All Multi Body

COlOI" Octet Contribution :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 At leading order in the non-relativistic expansion the cc* pair has to be
produced in a color singlet 3S; state.

2 At relative order v*=1/15 in the non-relativistic expansion, |/ can also
be produced through cc™ in 'So®), 3P, ®),35,®) color octet states

2 The short-distance structure of the AB=| weak effective Hamiltonian
favors the production of color octet cc” pairs in the b—cc’q transition
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B — J/p +All Multi Body

FaCtO rization :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 The hard and soft part of the process can be factorized

| : o
(,277)32pR = ] (r((c[n](/)F [)

dk? d’k

) X H (P,, .P.l.p,) X O pR+/\'— —/([)n(/\ PR PD

in
hard process cross section shape function

ﬂuxXJ dPS[p,](27) 6| P+1+ >, p,—P

R ;3
2 The distribution can be d°PR
written as an integral over —E J ap dk* ’ (B*+k2)I(2B)
the energy and invariant mass
of the soft radiated system:

dkoX flux
(a~ 2 + K2 ) (Qa)

XHn(,Pin -P~]-pX) ]n(/\ PR )

da(B—a
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B — J/p +All Multi Body

Shape Function :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 The color octet configurations which contribute to B—}/ + All are

n= 1568) ,SPBS) .35(18)

2 The shape function is related to the NRQCD matrix elements as

d*l | ki
Fall)=—— |

em* T @2w)l.

dk* ] _dk,
0 J k<

X Vka—k*®,(k:pg .P)

=(0¥),
2 An ansatz for the shape function is
D, (k:pg .P)=ay,|k|’rexp(—kg/ A2)k*exp(—k*/A2)
which is exact in the Coulombic limit. The exponential cutoff reflects the

expectations that the typical energy and invariant mass of the radiated system is of
order An =m v?
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B — J/p +All Multi Body

Shape Function :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 The decay distribution in the rest frame of the cc” pair is

dl'  |p aBdk™ [ (B2+KDI(2B)
=t IPRI, 2 J ﬁ ) i dkg
dEg 4mw° n Jo 2T J(2+k)IQa)
- Mp |
X5—H,(my .M k)) — D, (k)
<ty 8 mmy|pp

where

M>(k)=(p+1)*=(pg+k)>=My+2Mgko+k’
2 To normalize the shape function one uses

(03%(351))=(05-1.0)x10"2 GeV?

{,/ ol X /\- /.1 {4 -~
MIPASE® 3P =(0Y(1S0))+ —(OF*(CPy)) MIPAS® 3P#)=(1.0-2.0)%x10"2 GeV?
m:

C
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B — J/p +All Multi Body

Fe rmi MOtiOn :: Beneke, Schuler, Wolf, Phys.Rev. D62 (2000) 034004 ::

2 The b quark is moving inside the B meson at rest with a momentum p according
to some distribution with a width of few hundred MeV.The cloud of gluons and
light quarks is treated as spectator.

D acm(p)=——=—Fexp(—p /pF)
NTPF

2 One needs thus to consider a floating b-mass

5 ) 2 P — )
my(p)=Mg+mg,—2Mpg\myg, +p?

2 To obtain the distribution in the B rest frame

dr’ I‘p + - ,, mf,(p )
—_— =
iEx dpp~Pacmip) 20E,(7)

Jmax{0p _}

” "'E.gmx(p) ([ER dl’

,E?m(P) ER (]ER.
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