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Goal

Goal of this dissertation — o(e* e~ — BB X) and 6(ee~ — BBX) at E,_ from 10.63 to 11.02 GeV

e” b
m B, mesons — open-flavor, q} B
m = (5366.92 % 0.10) MeV v

BY and B* mesons — open-flavor, _

m = (5279.66 = 0.12) MeV

bb - continuum bottomonia
Bottomonia— hidden-flavor




Bottomonium spectroscopy

Heavy quarkonium spectroscopy 1s an excellent laboratory to study non-perturbative QCD

Mass (MeV)

Bottomonium states below BB threshold

Moy Y(11020)
are well described by quark model —
0 e Y(10753) Thresholds:
......... B, B
. - oro0f T T nm z, (0650 Ty bt
Bottomonium states above BB threshold "] --eees s \ / —— - e T ik
........... Z 10610) Xb1 b2 R I g e
demonstrate unexpected properties
Y(3S) ny /
10300 | T o . (2P) X, (2P)
= /, and Z; are charged ' — - X—/ 11D
(at least 4 quarks) e (L e S \ o & N
: Ce T N 1 (1P I <P x,, (1P) %,, (1P)
=» Rates of hadronic transition to | w || || - -
N
lower bottomonia are higher oo | .
then expected for pure bb n I
. (15) =
(violate OZI-rules) i (15)
R 1 1 0 1 2 2

=) y transitions are not suppressed

relative to dipion transitions " , WY " 1 vet!
(violate HOSS) Nature of bottomonia above threshold 1s not well understood yet!
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Analysis of the individual cross sections
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Analysis of the individual cross sections

o

:

Problems with the analysis of the individual cross sections

Parameters of the resonances extracted from ditferent channels may differ .
— Y (5S) peak position in Y(nS)z "z~ and hb(1,2P)7Z'+7Z'_ are shifted from peak in BS(*)Bg*)

Certain states may not be seen 1n some channels .
— Y(10753) was observed in Y(1,2,35)z"z~ final states and is not seen in total 6(bb)

o(BB), 6(BB*), 6(B*B*) have complex shape with peaks and valleys/dips near thresholds
— coupled-channel dynamic should be taken into account

A sum of Breit-Wigner amplitudes violate unitarity — results are unreliable
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Global phenomenological analysis

N. HUSKEN, R.E. MITCHELL, and E. S. SWANSON PRD 106 (2022) 9.094013 Used data:
3 (b) B'B 200 b, © BB BB, B*B, B*B*, BS*B;k, Y(1S)ztrn,
200 150 _ _ _
A\ - ook + YRS n =, Y@S)n n~, h,(1P)n"n~,
100 ¢ :
; S0 h, 2P)n"rn~, and o,;
. . . . : , | b bb
10.8 11 T 108 11 TR 108 11 1.2

1505_ (d) “BsBs” " 150;
100}
100F :
sok //‘ L 50
S S \] . f Poles for:
fo) 108 11 11.2 10.8 11 1.2
g : Y(4S). Y(10753), Y(5S), Y(6S)
© (g) Y(2S)7mm 3
51 2 : : :
f | Various &'s and electronic widths
0 108 11 1.2 L 10.8 11 11.2 ; 10.8 11 11.2

2000f
1500}
1000}

500}

The uncertainties are still large

Need more data


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013

Channel ete” — Bg*)l_}gk)

N. HUSKEN, R.E. MITCHELL, and E.S. SWANSON PRD 106 (2022) 9.094013

¢ (c) B*B*
/\M

80 (a) BB 4 (b) B*B 200
60 200 ; 150
| N, 1 -
20ft \ ¢ ! 100 ' 1)

BN

BB channel — the current data
doesn’t constrain the fit function well

Need to improve the accuracy in

BB channel
10.8 11 11.2
A IS JRN U R [ . S |
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/s (GeV)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.094013

Summary of introduction

* Bottomonia above the open-bottom threshold are still puzzling
* (Global combined analysis 1s promising approach to investigate the bottomonia nature
e Every additional channel 1s very important for the global analysis

* Improving accuracy 1n particular channels will allow better constrained fitting function

More experimental data and new measurements are welcome!

Goal:

Measuring 6(¢Te™ — BB _X) and o(e*e” — BBX) with high accuracy



Reconstruct inclusive D, and DV at each energy scan point,

8
S
5
0
e
X, = P is used to separate continuum and bb- events;
pmax
o(D, X) and (D" X)

Measured cross sections can be expressed as:
(60.2 £ 6.2) % (8.7 +12)%

o(D.X)/2 = BB, > DX) - 6(BB.X)+ %B(B — DX) - 6(BBX)

o(DX)/2 = B(B, » D°X) - 6(B.B X) + B(B — D'X) - 6(BBX)
model: (8 =7) % (64.0 £3.0)%

Idea

MC at Y(55) energy
0.2‘_ D bb-events

0.1:—

0.05-

Explicite formulas for:

o (B, X) and o (BBX)



Reconstruct inclusive D, and DV at each energy scan point,

but B(B; — D.X) has large uncertainty
B(B, — DX) is not measured, only prediction

(60.2 £6.2) % 8.7x1.2)%

o(D.X)/2 = BB, > DX) - 6(BB.X)+ BB — DX) - 6(BBX)

o(DX)/2 = B(B, » D°X) - 6(B.B X) + B(B — D'X) - 6(BBX)

model: (8 =7) % (64.0 +£3.0)%

Events / 0.05

Idea

MC at Y(3S) energy
0.2:_ Ds bb-events
0.15
0.1 — | =iy
0.05-
Sekeacssasasan]
04 06 0.8 1
Ap

Explicite formulas for:

o (BB _X) and o (BBX)

10



Idea

No B, at energy point near Y (45):
Measure with high accuracy %4(B — D X), 9B(B — DX)

At energy point near Y (3.5):

G(DX)‘Y(SS)/Z gg(B —>DX) 0( SX)‘Y(SS) +9§(B_>DX) G(BBX)‘Y(SS)

o(D°X) |y s5)/2 = BB, = D°X) - 6(BBX) |\ (55, + BB — D°X) - 6(BBX) |y s,

BB, - D°X) o(D°X) |55, — B(B — D°X) - 6(BBX) |55,
BBy > DX)  o(DFX) |y 55 = BB = DX) - 6(BBX) |y s,

We can measure using Y (55) data We can measure using Y (4S) data from JHEP 06 (2021) 137

C =

At scan points:
o(DX)/2 = BB, — DX) - o(B, X)+95’(B — D X) - 6(BBX)
o(D’X)/2 = C- BB, - D X)-o(BBX)+RBB — D°X) - 6(BBX)

energy dependence of the 6(B.B X) - B(B, — D X) and 6(BBX) -

Solving eq’s system:

—


https://link.springer.com/article/10.1007/JHEP06(2021)137

Data samples and selection criteria

— A 1 Ch k t. :
SCsolenoid .~ OB o1 030 Charged tracks:
o1 o NI |dr| < 0.5cmand |dz| < 2.0cm
CsI(T1) L\ Lr.=Ll( L+ <L) > 0.6
16X,

:E?EU(::: ﬂ/(LE?KT4_‘5E%) :>’().1
TOF counter

§GeVe -~ "/ . <\ Central Drift Chamber Df - ¢nt, dp - KK~
— NN " _=X__Msmall cell +He/C,Hg
2 | | \ % :j_
\

M, (K~K*) —my| < 19 MeV/c*

P;z{/{(sﬂ;lfgéﬁi COS By | > 0-25
1.9 < M(D,) < 2.02 GeV/c”

Si vtXx. det.'
3/4 lyr. DSSD

Data used 1n this analysis:

data at Y (4S5) energy: Lig=571 b
data at Y (55) energy: Lg=121 b~
dataat E, =1052GeV: £, =74 1fb"!

(continuum data sample)

22 energy scan points: L. ~1 b ! O 2
E.. from 10.63 GeV to 11.02 GeV l 1.8 < M(D ) < 1.932 GeV/c

0,,, — the angle between K™ and D in ¢ rest frame

cont

DY > K—xt
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Fit M(Ds) in X, bins

x10°

- D,@Y(5S)
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| |

Obtain the x, spectra
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Events / 0.05

Method

Fit in high x,, to continuum x,,
%10° Ds at Y(5S)
301 o
20-
o
0:—11' ----- L L 4
0 02 04 06 08 1
Ap

At each scan point:

B.B X and BBX
Cross sections
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Fit the D mass distributions in the different x, bins at Y (55)

x10° Ds

- frac1=0.576

 frac2=0.305
_ frac3=0.086

B frac4=0.033

— sigma1=0.0032
 sigma2=0.0056
- sigma3=0.0121

sigmad4=0.0347

0.7 <x,<0.75

delta1=0.13512
delta2=0.53990
delta3=0.86631
delta4=-7.59237

all parameters
are free
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x, spectra of D at Y (5S) and below Y (45)
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correction

0.98

0.96

1.02

T

+

correction for DS

correction for DY

0.2 0.4 0.6

Continuum spectrum correction

Due to the evolution of fragmentation with energy the

shape of the continuum spectrum changes noticeably
between E_ = 10.52 GeV and the Y (55) energy

The continuum X, spectra should be corrected

Belle II generators:
KKMC — 1nitial state radiation,
Pythia 8.2 — c-quark fragmentation

10



X, spectra at
Y(5S) and Y (4S) data

Red points — on-resonance data

We fit the large x, part of the on-resonance

spectra to find the continuum contribution
in the bb region

Fitting function — shape of the x,, spectra
for the data below the Y (49)

Blue hatched histograms —{it results
Open dashed histograms —
extrapolation of the continuum component

We subtract the continuum component to
obtain pure bb spectra
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Continuum subtraction

Points 1n the high x, region are consistent

with zero, 1t means that continuum spectra
shapes are correct

Apply efficiency correction to calculate
ete™ — bb — DX cross sections
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o(ete” — DX) calculation

N; — number of D events from

Lmax N(Dy) — k - n(Dy) fit in i-bin of the x, spectrum for

oclete™ = bb - D X) = Z on-resonance data
’ i—1 g ‘ %i ‘ %(DS —> K+K—7T) . r¢—cut

n; — number of D events from

; 0 0 fit in 1-bin of the x, spectrum for
olete™ — bh — DOX) _ ﬁ N{(D") — k - n(D") continuum
~Z-€; RB(DVY - K—nt)

k — scale factor for continuum
spectrum normalisation

Fpcur = 0.981 £ 0.006

o(ete™ — bb — D X) y(ss) = (151.8 £ 1.0 £ 5.5) pb o(ete”™ = bb —» D'X) v(ss) = (379.7 £ 1.6 £ 10.0) pb

o(ete™ = bb — D X) [yias) = (248.6 £ 0.6 £9.2) pb o(eTe™ = bb —» D"X) ly(as) = (1468.5 £ 0.9 £ 36.6) pb

19



Results at Y (45) and Y (5.9)

This measurement PDG PDG
Y(4S ) data: full recon same method

o(D; X) Iy 45 s
BB — D X) = - = (11.28 £0.03 £0.43) % (10.47,20) % (8.3 £0.8) %
2-o(ete — bb) |y 4 —

o(D"X) \Y(4S)
BB —» DX) = - = (66.63+0.04+1.7D% (711.6+4.6)% (61.6 £2.9)%
2 - o(ete™ — bb) |y s —_—

Y (5S) data: JHEP 10 (2019). 220
(255.5+£7.9) pb

gg(BS — DOX) 0(€+€_ —> bi? — DOX) ‘Y(SS) — gg(BO — DOX) y G(€+€_ — BBX) ‘Y(SS)

C = — — -
BB, —> DX)  o(ete™ = bb = DX) |y 55— BB° = DX) - o(e*e~ — BBX) |y s

C=0.416%x0.018 = 0.092

20



Results at Y (45) and Y (5.9)

Fractions of BB X events produced at Y(55):

olete™ — BSBSX) ‘Y(SS)

fS — 0(€+e_ — bzb)) ‘Y(SS)

To improve accuracy we fit

£=(23.0+£02+28)%

JHEP 06 (2021) 137

fgnown =49+0.6)%

JHEP 06 (2021) 137

with one constraint

Js+Ieax /g =1
Result from the fit: I = (22.03:(1)) Y0

Belle 2013 Belle 2022

This measurement|  prp g7 (2013)3.031101  PRD 105 (2022) 012004

=23.0x02x£28)% (172x3.0% (285x£32x3.7)%

Source Systematic uncertainty (%)
0'(6+6_ — bb — D;t X)|T(55') 1.4
0'(6+6_ — bb — D;t X)|T(4S) 0.7
0'(6+6_ — BBX)|T(5S) 1.4
B(B° - D* X)
o(ete™ — bb)|y(s9) 4.5
Correlated contributions

— tracking 1.1

— K/m identification 2.3

— ’I“¢ 0.6

- B(Df - KtK— =) 1.9
Total 12.0

Belle

PRD 105 (2022) 1.012004
BB, — DX)=(602+58+23)%

21


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.031101
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://link.springer.com/article/10.1007/JHEP06(2021)137
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012004
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FromDtoB

o(ete™ — bb - DIX)/2 = BB — D'X)-c(ete” - BB X)+BB - DX)-o(ete” — BBX)
oete™ = bb — D°X)/2=C- BB — D X)-clete” — B'B'X)+%B(B — D°X) - 6(¢e"e™ — BBX)

This work:
BB — DX) = (1128 £0.03 £0.43) %
BB — DO/DOX) = (66.63£0.04 £ 1.77) % o(ete” - BB X) = o(ete” — Bbg*)Bg*))
0 _
BB DX e 0018 %0000 up to B,Bx"x" threshold (11.004 GeV)
AB(B, > D.X)

olete™ — BYB'X)- B = 0.54-0(ete” — bb — D} X) — 0.09 - 6(ete™ — bb — D'X),
o(ete™ - BBX) = —0.34 - 6(ete™ — bb — D X) + 0.81-0(eTe” — bb — D'X)
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(Pb)

20

X)*Br(B_ — D.X)

‘ 2

e »>B,B

o(e’

o(ete” —» BB X) and o(e* e~ - BBX)

A A g A A R
Jaa |$ f;é * Clear p@&k _8- 300 |mh |$ |$
QA 3 near Y (5S5) N _ QoA

" Small non-resonant
contribution

ol |
7 200

+
Q
+ ¢l ©

g 4 Hint of a peak _
g g near Y (65)

107 108 1

Shape similar to
c(ete™ = bb)

O -
Mol

em  (GEV)

11 ~ 107 108

Mm:

em  (GEV)
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v’ Cross sections o(e

Summary

e~ — bb — DFX) and o(e

e~ = bb —» D°DYX) as well as

o(ete”™ - BB X) and o(e*e” — BBX) are measured from 10.63 to 11.02 GeV

v Inclusive B(B — D'X) and B(B — D _X) are obtained

v Ratio B(B; — DOX)/QQ(BS — D X) =0.416 £ 0.018 % 0.092 is determined

—2.1

v/ The fraction of B, mesons at Y (59) is measured to be f, = (22.0729 %

e X
Y w, + r
— '._.A \

— &
.

for yourKind attention

Thank you very much for your attention!
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Cross sections for open flavour channels se*e~ — bb)

Rb -
olete” — ptu)
. . 2 _I j_l | | | : I | | | | | !l I l' | | | I | | | | | | | I IT l \l \l | L
Total hadronic cross section has peaks at the | oBB B*B*  BB,* T
Y (4S), Y(5S5) and Y(65), and dips near the E B*B BB, | B, *B * -
open bottom thresholds LoF X Y .4S o E
L4 + ( ) BABAR —
Y (5S) and Y (6S) could provide an oscillatory 12F . / 5 7
behaviour of the corresponding exclusive Cross = R Y(55) -
sections R Y = Y (65) —
o . | 0.8 -
The 1individual cross sections contain = =
considerably more information than their sum 0.6 . " =
4+ _ + 4 0.4 :_ ’ T sottd “%gf; .Qé""é’é” ’ “.’ :_ " ’00 ’¢é¢0+¢p& _-—-
ete” = Y(nS)r"n~, ete” = hyr'n and 09 R L P O CLYORE _Z
ete™ — BYBY)(x) has been already measured B |' o | | | i
0" "106 107 108 109 11 111 112

\s [GeV]

Measurements of the exclusive cross sections should shed light
on the nature of bottomonium states



Puzzling bottomonium states

1 transitions are not suppressed

Mass splitting is too large izrgti‘m Partial width (keV)
M(Y(59)) — M(Y(4S)) = 305.8 MeV/c? A = 81.6 MeV/c? T(18) 7wt 5.7+0.5
axpected , Y(1S)n (9.3+1.5) x 1072
M(Y(4S)) — M(Y(3S)) = 224.2 MeV/c? AP = 40 MeVieT (s -
. Y(1S)ntn~ 0.89 + 0.08
Anomalous production of Y (nS)z 7~ T(18)n <2x1073
" T(2S) Tt 0.57 £ 0.06
PRL100.112001(2008) I, MeV Y(5) >
mtrT A T
Y(55) = Y(1S)z*7™ 0.59 +- 0.04 +- 0.09 oo T
Y(55) » Y@S)z*z~ | 0.85+-0.07+-0.16 102 T(28) 7t 1.840.3
hy(1P 45 +
Y(55) = Y(3S)ntn~ 0.52+0.20-0.17+-0.013 T(Sg)(J"
Y(2S) = Y(1S) 77~ 0.0060 igg AL 288w Al
1o)n T
Y(3S) - Y(S)ztn~ | 0.0009 Y(18) K+ K- 33411
_ T(2S)ntn™ 428 + 83
Y(4S) » Y(1S)ztn~ | 0.0019 rCS)s ot 1
//'é Y(15)
\\:i

Pure b b states: f Rescattering Y(5S) — BB — Y (nS)murt ? Yis)<3*><
fé o
_ B* —

v/
Y(ZS) Y(1S) Conclusion: states above threshold are not pure bb o9




Data samples for the analysis

Data used 1n this analysis:

data at Y (45) energy:
. Aerogel Cherenkov cnt. L= 571 b1

S(lf 5ST(‘)lenmd <IN D, n=1.015~1.030 data at Y(5S) eneray:
data at £, = 10.52 GeV
(continuum data sample):

A

CsI(TI)
16X,

TOF counter
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cont
22 energy scan points

(L., trom 10.63 GeV to 11.02 GeV):
% ~ 11!

_ _; Dy,
Si vtx. det.

3/4 lyr. DSSD

u/ K; detection
14/15 lyr. RPC+Fe




Belle detector

Charged particles: et ,ui, r*, K&, pi
Neutral particles: y, K;

Decay vertices - SVD

Charged particle tracking — CDC

dE
Particle ID in CDC (p<1 GeV),

dx
ACC(1.2<p<3.5GeV),and

TOF (p < 1.2 GeV)

Electromagnetic showers — ECL

1 and K; — KLM system

SN Aerogel Cherenkov cnt.
SC solenmd P ) U n=1.015~1.030
CsI(T))
16X,
TOF counter

Si vtX. det.'
3/4 lyr. DSSD

u/ K; detection
14/15 lyr. RPC+Fe
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Belle detector

dE/dx (CDC) B
.

AdE/AX ~5%

TOF (only Barrel)
AT ~100ps (r=125cm)

Barrel ACC B . n=1.010 ~ 1.028
Endcap ACC - n=1030
| | | i —
0 1 2 3 4
p (GeVic)

Performance parameters expected (or achieved) for the Belle detector

Detector Type Configuration Readout Performance
Beam pipe Beryllium double wall Cylindrical, r = 20 mm He gas cooled
0.5/2.5/0.5 (mm) = Be/He/Be
EFC Bi 4G€3012 Photodiode readout segmentation: 160 x 2 RMS energy resolution:
32in¢; Sin 0 7.3 % at 8 GeV
5.8% at 3.5 GeV
SVD Double-sided Si strip Chip size: 57.5 x 33.5 mm? ¢: 4096k 04 ~80 um
Strip pitch: 25 (p)/50 (n) pm z: 40.96k
3 layers: 8/10/14 ladders
CDC Small cell drift chamber Anode: 50 layers A: 8.4k 0,y = 130 pm
Cathode: 3 layers C: 1.8k o, = 200-1400 pm
r = 8.3-86.3 cm 0y, /Pt = 0.3%+/p? + 1
—T77<z<160 cm OdE/dx — 6%
ACC Silica aerogel 960 barrel/228 end-cap Npe. =6
FM-PMT readout K/m separation: 1.2<p<3.5 GeV/c
TOF Scintillator 128 ¢ segmentation 128 x 2 g, = 100 ps
r = 120 cm, 3-m long K/m separation: up to 1.2 GeV/c
TSC 64 ¢ segmentation 64
ECL Csl Barrel: r = 125-162 cm 6624 or/E = 1.3%/\/E
(towered structure) End-cap: z=—102cm and +196 cm 1152 (F) Opos = 0.5 cm/ \/E
960 (B) (E in GeV)
KLM Resistive plate counters 14 layers 0: 16k Ap = AO = 30 mr
(5 cm Fe + 4 cm gap) ¢: 16k for K
2 RPCs in each gap ~ 1% hadron fake
Magnet Supercon. Inner radius = 170 cm B=15T
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Fit the D¢ mass distributions in the different X, bins at Y (45)

Fudge factor for 4S

Shift for 45
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| M, (K™K™) —m,| < 19 MeV/c?, |cos @, ,| > 0.25

N, cut
N, cut + N, anti—cut

@-cut efficiency correction

Ratio
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DATA

MC

|vv

Ivv |
i

py=0.981+0.005

=1.359

v /ndf

p-value = 0.07
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9 240
220
200
180
160
140
120
100
80
60
40
20

o(ete”™ = c¢c — D X) and o(ete™ — cc — D" X)

o(e'e -> cC -> DX)

III|III|III|III III|III|III|III|III|III|II_IP_III|I

10.65 10.7 10.75 10.8 10.85 10.9 10.95 11
E., GeV

c, pb

1.4

1.2

0.8

0.6

0.4

0.2

o(e*e -> ¢t -> DX)

X

—

-
w

III|III|III|III|III|III|II||I|
-

10.65 10.7 10.75 10.8 10.85 10.9 10.95 11
E... GeV
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x, spectra of Dy in bb MC at Y(5S)

Yield N,  from bsbs and nonbsbs MC Yield N, from bsbs and nonbsbs MC

x10° x10°
i 0 i
0.16 s 14
B =t N
- Z -
014~ — 5s_evtgen-bsbs 1L
i ~ bs_evtgen-nonbsbs i :
0.12— . I Chosen region: x, > 0.55
B from fit p
- — 0.8
0.1 I
0.08  — 0.6/
0.06/— N -
- e 0.4—
0.041 - zoomed
0.02
0l=l._III|IIII|IIII|III IIII IIIIIII’II}!=} llll|=g|=|=|=,
0 0.1 02 03

065 0.7 0.75 0.8 0.85 0.9 095 1
XP= S/4-m§)837
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Continuum spectrum subtraction for D" at Y (5S)

Xp
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N, /0.05

x, spectra of Dg in bb MC at Y (49)

1OYield Np, from charged and mixed MC Yield Ny, from charged and mixed MC
- w 180—
- —_— o. —
— S -
i Zd” 160_—
- 4s_evtgen-charged B
i | 140
— 4s_evtgen-mixed -
i - from fit yonl Chosen region: x, > 0.5
— 100
- 801
- 60
S 40| zpomed
:l_l_lllllII|IIII|IIII_I_II II|IIII|IIII|IIII|IIII|II|IIIIIIIIIII!!!!!II.II
0 01 02 03 04 25 0.6 0.65 0.7 0.75 0.8

0.85 0.9 O.
Xp=\/ s/4-m2
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Yield Npo from bb MC
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I

—_—
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4s_evtgen-charged
4s_evitgen-mixed

N_+/0.05

30
25
20
15

10

0.

X, spectra of D" in bb MC at Y (45)

0P Yield Ny from bb MC

- |

— |

- Chosen region: x, > .55
— zoomed

IIII|=I=I=I=I=I=I=I=I=I=’IIII||||||||||
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Reconstruction efficiency

—
o)

Efficiency, %

—
-

D efficiency as function x,, DY efficiency as function X,
= o\o i
i . —— .
- —|—_'_+ %) o0r —— ——
- o o |
i L — = L
S 40~
i at Y (4S) energy 0l at Y (4S) energy
- at Y(5.5) energy - at Y(55) energy
0o 02 04 o0z 04 0s

X X
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Systematic uncertainties in s(¢ ¢~ — D X)

Source Dsat Y(5S) DOatY(5S) DsatY(4S) DO atY(4S)

Fit model 0.6 0.3 1.0 I.1 Continuum Xp spectrum statistical error:

Continuum Xp spectrum

. 0.6 04 04 0.1
statistical error >
Continuum Xp spectrum 03 13 ] ) 1 Imax Anl. k
correction ' ' — Z O;
O \ —1 N ;T k nl'
MC statistical error 0.2 0.1 0.1 0.0 =
100 0.6 - 0.6 -
MC statistical error:
Tracking 1.1 0.7 1.1 0.7 5
1 max A%l
K/x identification 23 1.4 23 1.4 — .2 | @
0] \ i1 %i
Luminosity 1.4 1.4 1.4 1.4
Branching fraction 1.9 0.8 1.9 0.8

Total 3.6 2.6 3.7 2.5



