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Processes at a B-Factory
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= A B-Factory is much more than a just a B-Factory ,




KEKB at Tsukuba
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The Belle Detector

Long-life particles we detect: Decaying particles we reconstruct:
e*, ut, s K5 p, y BB D B oA
U and K| detection system =
(14115 layers RPC+Fe) < [
-

\Q

;~

,\\ AN Aerogel Cherenkov Counter
S (n=1.015 — 1.030)
3.5 GeV e

s,
~

Silicon Vertex Detectc

e
b D

&Y . s -\‘ - \\\ b,
- A1 \T Central Drift Chamber
N q g E\\gxf_ﬂ-{Lmall cells, He/C,Hg; o /p ~0.35%)

~J . Uz
ﬁ \QQ *ﬂ ToF Counter

Superconducting Solenoid
(B=1.5T)
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MPP Munich

Exclusive Vector-Pseudoscalar
Production in e*e-Annihilation

K K T,

High statistics data samples V: $>K'K
allow for a study of PP
rare exclpswe two-t?o.dy. @. '@ : @ o @
process in e*e~annihilation, AT

Do RS mode 1 mode 2
example: =g ®: @ - @ W)
associated production of P: >y o
Vector & Pseudoscalar N T 'r
Mesons S @) ) TTYE
m Special interest as double charm production (i.,e. VP)

was observed with unexpectedly high cross sections by Belle
(Phys.Rev.Lett.89, 142001) and BaBar (Phys. Rev.D72, 031101)

m Study i.e. charm quarks replaced by strange quarks and
compare to
m Measurements of at different center-of-mass exist (DM1,

CLEO, BaBar(ISR), BES) - Study energy dependence of cross section



ee—2>VP: Selection & Cross Section

Selection:
 events with low track multiplicity: or 4, veto ee—>up
» all tracks from vertex region with
* more than 1 track with . all track
* photons: , veto y’s from n0

* VP energy difference in cms within
* VV P back-to-back

: NSig
Cross Section: =
LBr, Br, &
Ngq: Number of signal events from unbinned 2-dim. fit
L: Luminosity on resonance Y(4S) , off resonance (-60MeV)
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e: Efficiency Simulation of ee>VP with JP=1" initial state
Br. Branching fractions of V and P to reconstructed final states (PDG)




Event yields

ee—>VP
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MPP Munich

ee—~>VP: Cross Section Extraction

[+2]

Extraction of number of ¢ — KK’ n—yy
observed signal events

by 2-dimensional fit
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Entries / 10 MeV/c?

Entries / 2.5 MeV/c?

L
T
e S

Signal on Y(4S) consistent with !
Off resonance signals K e o5 07 08

.. . : (K'K) (GeV/c m(yy) (GeV/c?)
=>Limits for branching fractions o O —
Y(4S) >VP (consistent with 0) 3 f" 7 g nxw
set upper limits (90% CL) & | e
Y%(I)T] (18 10_6) .g .§ 20}
on' (4.3 1079 | 5
pn (1.3 107°) L4 ™ &
pT]' (25 10_6) 005 o 1 1.25 %8 oo 1 11 1.2
m(n*n) (GeV/c?) m(z*7y) (GeV/c?)
) Process Nsignal X & % o, fb Sgys (Y0)
Number of signal () 146+43 | 80 | 141 | 1.1+03 5.3
events, signal o' (nmta) 304+1.7 | 120 | 0917 | 29+ 1.6 7.4
PR o (nt ) 19.6 £4.5 | 30.0 5.36 | 49+1.1 6.2
Slg_n!flca.nce ¢n' (comb.) 4.3+0.9
efficiencies, on(vy) 116.3+20.2 | 9.2 | 232 |25+04 5.0
cross sections pn (prtaT) 17.9+48 | 7.9 3.08 | 22+0.6 7.0
pn' (7t y) | 7214150 | 7.6 14.3 | 3.3+0.7 5.9
pn' (comb.) 2.7+0.5




ee~>VP
Cross sections

Hard to draw definite
Conclusions:

¢én’ and pn as predicted
én lower, pn' higher

no universal energy
dependence found

10
ompared to calculations in light cone approach

(]
—d

“4 10

ee - pn'.'. .

10,
s (GeV")

T0.1 diff (2.30)

11]Cai-Dian L, Wei Wang, Yu-MingWang 1© | . _
Phys Rev D75, 094020 1 [€£86 —>pn
12] Braguta Likhoded, Luchinsky 10 10 10
Phys Rev D78, 074032 s (GeV?)
Channel oo Belle (fb) | o [11] (fb) | o [12] (fb) | 0o BaBar (fb)
A ctem > on | 1L4+04+0.1 33-43 | 24-34 | 29405
MPP Munich eTem = ¢ | 53+1.1+04 44-58 | 3.5-5.0
ete” = pn | 3.14+05+0.1 24 —-3.1 2.4—3.5
eTe” = pn | 3.3+0.6+0.2 1.5—-2.1 1.6 — 2.3

radiative correction:; o, =

1+ 6

1+5=0.809 (E .. <0.3Gev) applied



e'e >DD* n*in ISR

Apligz it

MPP Munich

-
I"'\J

Possible decay channel for
“charmonium like” resonances Y(4260), y(4415)
=>» provides constraints on decay models
Full reconstruction on L = 695 fb-1 :
D0 > Krt, K'K, Kttt Ktn, Kt

D*->D° + slow pion
rntrack, no extra tracks

10



ete~ ->DD* tin ISR

ISR enables scan of ) preliminaryﬂ preliminary
4 <M(DD*7*)<5.2GeV § | 3|

(threshold to just below % f +++ + é m}:- +
B-meson decay) z O J( -
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ete- =2DOD* n* in ISR

Raw Event yield:

Combinatorial bgs are estimated from

sidebands D and D*
Other bgs are small and taken into
account

Cross section:

o(e'e” > D°D* 7)) = dN /dm

gdL/dm

m=M(D%D*r*), dN/dm mass spectrum

¢ total efficiency (from MC, 0.7-4%)
dL/dm diff. ISR luminosity
Total sys. £10%

N/0.04 GeV/ic®

a(nb)

fad
=

20

10
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Fitting the Mass Spectrum

preliminary

ai(nb)

L y(4415)
RBW for y(4415) &
threshold function for
non-resonant contribution
without interference
between amplitudes

0
Yield 14.4+6.2(stat) +1.0/-9.5 (sys)

Significance: 3.1c 4 42 44 46 48 5 52
M(D’D ") GeV/c

c(ete—y(4415))xBr(y(4415)—D’D* 1)< 0.8 nb at 90% CL
Br(y(4415)— D'D*1*) < 11 % at 90% CL

Apligz it

MPP Munich
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Fitting the Mass Spectrum

Limits on X—>DD*-t*, Example: Y (4260) preliminary
X=Y(4260), Y(4360),

Y(4660), X(4630)

1_

a(nb)

perform four fits each

with one of the X states,
y(4415) and non-resonant
constrain mass and width of X

=
n

0
No evidence
(2:0.90, 140, 0.10, 1.80) 4 42 44 46 4.8 5 5.
> Set limits M(D'D ) GeV/ct
Upper Limit (90% CL) Y (4260) Y (4350) Y (4660) | X (4630)
o oletem = X)xB(X = DD =xt) nb || 036 055 025 0.45
£ Bex B(X — DD*xt)  *10° 042 072 037 | 0.66
MPP Munich & )
= B(X — DD 7)) /B(X — nta= /) 9
T B(X — DD ) /BIX — mta(29)) 8 10




Study of yy > nn® Syyyy ¥ ¥

@‘“-—--._-______“_' _____ - __“_,'I__ -------- ""'e'_
Sketch of experimental signature: e ,@5
All neutral final state i
Selection criteria: 2 I
E.: (EMC) <5.7 GeV Raw Yield I
aw Yields: -
Ey > 100 MeV 100000 o B
Ny =4 2 Eatmaiod v et backgroun
vy pairs form n° and n oo » — ppunbalanced background
p+(n0) >0.15GeV g F
p1 (7°n)<0.05 GeV &
£ 1000
10° .
104
10
1
MPP Munich o |
':'-25&5 2 1 1 1.5 2 25 3 35
e 7" ¢ 2 Resonant structlifes?

& e 2,(980), a,(1320), a,(1700,?) 15




Study of yy=>nn° : Cross section

100

Cross section: A | (@
doc AY —AB e N

dWad | cos | gAWA|Cos¢9*|_[£dtLW(\N) s ; \$

AY Signal yield = o | T

. 3 I I L

AB background yield 5 L | E}ffx
(M'=2nn%(n°%), p;-unbalanced) : !

e: total efficiency 0'0010.57: y 5 > IN 2 4.5

J-ﬁdtLW(VV) : Luminosity and yy flux 10 e

(b)
* Belle (jcos 6|<0.8)
= Crystal Ball (|cos 6*(<0.9)
=+ Systematic error

L, =223 fb’

Yields determined by unfolding

le ¥,
-® ,

Apligz it
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Total syst. uncertainty 10-12%

a(|cos 0*|<0.8, 0.9) (nb)
.t
gt
—ie® °
_-_._4;_

Integrated cross section (Jcos0*|<0.8) | H» B
Compares well with Crystal Ball 0 oA A T8 SR LYY !

0.6 0.8 1 1.2 1.4 1.6 1.8 2 22 16
W (GeV)



Differential Cross section

Angular dependence of the cross section in selected W regions

14 60 30 1

wl W=0.91GeV 3 W =0.99 GeV 133 W =121 GeV 0L W =1.31 GeV
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ﬁ Q 02 0.4 0.6 0.8 ° 0 0.2 0.4 0.6 0.8 1 0 0 0.2 0.4 08 08 1 a 0.2 0.4 0.6 08 1
1
E 16 25 ~ 0.9 0.18
B oy } W =1.55 GeV W=218CevV | , W=275GeV ;| owu|  W=355GeV
'8 12 {-IF}E ’ { { E { 0Tt 012 }
of gy M | o
g ot |t ol (] o
t } 0.3 I } 008 f
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) t os | MEEEER: ooz | { } {
0 D D 1 1 1 0 I L I i J
9 02 04 D& 03 1 ] 0.2 04 08 08 1 0 02 0.4 06 0.8 0 0.2 04 0.6 0.8
|cos 0%

Allows detailed partial wave analysis, unfortunately no time to go into much details

Apligz it

MPP Munich dO' 0 0 2 02 2 2
kel = SY, + D.Y Y DY Y .
dQ(W_)U”) | SYy + DYy +G,Y, |7 +[D,Y; +G,Y, |, Good fit already

with SDG Amplitudes & |Y," | spherical harmonics Without G;"
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yy=2>nn’: Low Mass Region

m Study of resonances

_ —— (10,(980)1 + loz( 1320)1)
Magosoy = 9823 102 H91 MeV /2, & (oY)

2
%
Tror = 75.6 £1.6 178 MeV, 4 & — total
£
5

I B(nr’) = 127.5 132 73010 ev

o}

Mayyy = 1316.8 11§ £33 MeV/c?
Cioe = 65.0 731 1952 MeV,

L B(nr') = 432 £6 T3 eV,

MPP Munich
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vy =2 7Y high mass region

o~ 1(|cos 0%|<0.8) do/d|cos 0|

|cos 6*%|<0.8) do/d|cos 6%

45 | W=24-25GeV 45 | W=25-26GeV 45| W=26-2.7GeV

Curves proportional

to 1
sin* @*
0 0.I2 0.I4 0.I6 0.8 0 012 0‘.4 016 0.8 0 0.I2 0.‘4 0.I6 08
4.55: i W=27-29GeV 4-% i W=29-3.1GeV 4-g I W=3.1-4.0GeV
35
3 -
25
2 I
1.5
1 -
05 F ;
0 02 04 06 08 "0 02 04 06 o TEUO’TO
[cos 67 |cos 0% £ 5 0,
LI ] o
“'_E‘“ 0.1 ¥ i 5
W dependence: power law W™ (expect n=10) = N0 T 5,
n® n=105+£1.2+05 g 3
compared to @ .
non%n=8.0+ 0.5+ 0.4 8% S
(Belle: Phys.Rev.D79, 052009) ©
Ks%Ks%: n=10.5+0.620.5 (Jcosq*|<0.6])
(Belle: Phys.Lett.B 651,15) 0001, 1 = = =

W (GeV)




Summary

m Measurements of cross sections of exclusive ee>VP processes:
ee~>¢n, ee>on’, ee>pn, ee>pn’

No universal energy dependence found

Light cone predictions fall short to describe data in all details
(energy dependence and relative magnitude)

hep-ex 0906.4214 (submitted to PLB)

m First measurement of ee->DD*r+ in range 4.0 <m<5.2 GeV

values of amplitudes of Y(4260), Y(4350), Y(4660) and X(4630)
consistent with 0 within errors

Present data do not support Y(4260) >D°D*n* decays
predicted by hybrid models

preliminary study

m Differential cross sections of the process yy=>nn’
measured for 0.84<W<4.0 GeV and |cos6*|<0.8
Resonances a,(980), a,(1320) and a,(Y) near 1320
MPP Munich Energy and angular dependencies for high W
hep-ex 0906.1464 (submitted to PRD)

Apligz it
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