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Fundamental parameter

» M_=0.51099892+0.00000004 (7.8x10-%)
(8.5x10-8)

> M, =105.658369+0.000009
> M_=1776.99 022
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Cross Section {nb)

‘ | ! | ' B ﬂNie_ﬂi
. |[Threshold Og 7l LF=[]r, B=H—
scan 7O i=1 N;:
1.0 — ~— Iui(n/lr’Si):B { “(B G()/)ﬂ(er’Si)_FGBG}
. -
05 — ] G ’ . 1 ) _ (\/?_\/;)
R T
: J  BES:PRD53(1995)20 -
3.54 3.56 3.58 3.60 oy :M.B.Voloshin,
Eom (GeV) PLB556(2003)153.

O s m,,s) J‘Grc(mf,s)G([ \/7)61\/7
)= [ Sl

[1-T1[s@-x)] [
F(x): E.A.Kuraev,V.S.Fadin, Sov.J.Nucl.Phys. 41(1985)466;
I1(s): F.A. Berends etal. , Nucl. Phys. B57 (1973)381.
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T-1NaSS 1meastrement

1) One-parameter {1t
2) "T'wo-parameter {1t
3) Three-parameter {1t



Statistical optimization

Neglecting all
experiment
uncertainties such as:

Branching fraction: 3; =0.1736 < 0.1784 ;

Luminosity £ ;
Efficiency € =714.77, ;
Background cg; =0 .

Nov.,26-27th, 2007

Assume: M. is known.

To find :

1. What's the optimal distribution
of data taking point,

2. How many points are needed in
scan experiment,

3. How much luminosity is

required for certain precision.
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A tentative step

1.5—
7
= Evenly divided :
E. 0.5/ 1, for E: E,+ OE, SE=(E~E,)/n
2, for lum.: L =L, /n
o
3.|52
- 1 Nsamp -
m. = m;.
samp /:1

To eliminate statistical
fluctuation, sampling many Nsamp
times (say, 500) S (17) = Nslmp — Z (my — 71,)”
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N,

1. Sm. >>Am_, using
Sm_ to evaluate the
quality of fit;

2. Ny =5.

>
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ral 1 Random sampling 100 times:
3 1 E, . (3.545,3.595) GeV
T ool 1 L =45pb~
: 0:4 _ — Npt :5;
X R o(Ecn) 74— min. Sm, =0.147MeV/
aar e R 4 %‘313 — max. Sm_=1.48MeV
E__ (GeV) /
2l - 1. Points near threshold
7.2 o E lead to small Sm_;
7 P 1 2. This corresponds to
_ | larger derivative of G
1 | The large derivative
1 | position may be the

1 | optimal data taking point
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L=5 pb ! for each point

Scheme I:
1 2 points at region | +
1 N, (1—20) at region I

1 Scheme II:
1 Only N,(1—20) at
1 region Il
=2 - O _
1: ; oo 1 The points within
= 77 o * .
D i o 1 region | are more
E 1-25_ OO | i )
E T <><>°°O§Cheme I sensitive to fit
i o : -
a:: ; l Scheme | 000000_ Uncertalnty
0.25 [ nsi e e e s s

o 5 T0 5 20 9

Pt



A E__c (3.553,3.555) GeV
g .. Lot =45 pb
° Ny = 1—F6;
-0554 3.|55 3_|56 3__57 2 e
E__(GeV) |
Within the region I, o
one point is enough! N S
B
' 0.5/
Where should this ‘”"j
point locate? R
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E..c (3.551,3.595) GeV
L. =45 pb

Ny = 15 scan

e

E., = 3553.98 MeV
Sm_= 0.0956 MeV

3553.8 MeV

— 0.2 ~

2 o0 . ~ [near threshold ]
U IS AR E__=3554.84 MeV
oo

Sm_= 0.100 MeV
[max dofdE,, ]

3.556

= 3553 3.554 3.555
E_. (GeV)
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o (nb)

One point
With lum.
Ltot

Lt (Pb) | SM, (MeV)

9 0.2488
18 0.1692
27 0.1402
36 0.1213
45 0.1065
54 0.097/8
63 0.0904
{2 0.0842
100 0.0678
1000 0.0214
10000 0.0068
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Two-parameter (m_and g) fit L, decrease
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Three-parameter fit

m_, €, Og are free parameters

Error of tau Mass(X10°GeV)

|

1.5 — . | . 2
]
T N M s s
Number of point
) o
= 0.5 .
b | E E
7 2
= 4
3.52 3.54 356  3.58 3.6 § ° * * * * *
E__(GeV) 5
One point is enough e
3 SGGV IS SeleCted 3049555 5505 357 3515 352 3525 355 9535 354 5545

E_.(GeV)
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Data taking design

1.5 . . . - | Event
2 G [T selection
1 |
o)
E 0.5+ —
© Optimal
INeg "V a IOoint
study| ¢ 1 8
3. |52 3. |54 3. |56‘ 3. |58 3.6

E__ (GeV)

BESIII Luminosity : 1 x10-3cm -2s-1(50%); One day (864005s) : 43.2
pb ! (ue-tagged final state) Three days, ep-tag, at BESIII = Sm_:~0.1

MeV
M, =1776.99 +0.1 MeV
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Systematic Uncertainty Study
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Summary:systematic (one-parameter case)

om om_/ m
Term 3N L

(10-3 MeV) (10-6)
Luminosity (2%) 14 7.9
Efficiency (2%) 14 7.9
* Branching Fraction (0.5%) 3.5 2.0
Background (10%) 1.7 1.0
* Energy spread (30%) 3.0 1.7

* Theoretical accuracy 3.0 1.7




BEPC Il Storage ring: Large angle, double-ring

o . KEDR at Novosibirsk

Compton
 Backscattering

: % technique,
: ; o W accuracy
i o= 7 T8
s T up to
== 5x 105
1m i . G
! = sl " The uncertainty
t —» Incoming laser H
_ s ## of beam energy
‘ —» Backscattering laser  |_ |
\ | o can be at the
level of 0.09MeV
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Dranching ratio
measirement

1. eu final state

2. &K K final states
3. Suggestion for BESIII

data taking



- -
App-0.323xpP0.37%

mt &KK final state

events

_ . T— Kv _
t-pair atrest :(1) = —mnt+v_; - C memi
10 4:_ T evv + Uvv Praa = T_E
(2) t*—oK*+v, ] miemi]
2m,

10°%

Effect due to energy spread

6000 - AR ITI U  U AU (rrrl IVRUN B
04 0.42 0.44 0.46 0.48 0.5 0.52 0.54
Achim Stahl ,Int. J. of Mod. Phys. A Vol.21,No0.27(2006)5667-5674
-E"’.. 4000 |
& E_.,=3.554 GeV (1 pair
threshold) m =17769 Gev
20001 m_=0.13497 GeV
m,, = 0.49367 GeV
875  os - 0.85 0.95 Pr = 0.883 GeV
Momentum (GeV) pK = 0.820 GeV
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Result of eut

N-Gen N-Select |N-norm
ee 20k 82 42.12+4.66
el 20k 12173 12173 +£130.23
e 20k 032 585.17 + 19.74
eK 20k 031 37.05+1.74
ep 50k 669 393.06 + 15.39

Nov.,26-27th, 2007

%95 06 07 08 09 1 11 12

P(GeV)

Mo Xiaohu

selection efficiency
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| A RooPlot of "p(GeV)" |
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Study of ep,n, KK final states
near t threshold at BESII|I

- N ) Statistic error L (pb) Time (day)
T —>E VWV, T — WVV
@3.6GeV 10-2 196 2.3
10 3(PDG: 0.3%)[1.96 x 104 | 227.3
L Statistic error L (pb) Time (day)
T——>TTV
@3.554GeV 10-1 1.96 x102 2.27
102 (PDG: 0.6% ) |1.97x104 227.3
Statistic error L (pb) Time (day)
K,
@3.554GeV 101 4.8 x104 551.8
102 (PDG: 3.3% ) | 4.8 x10°¢ 55176

(More detailed studies are in progress)

Nov.,26-27th, 2007 Mo Xiaohu 23



Summary

> Optimization study indicates at BESIII short
period of time Is enough to obtain high statistical
precision for T mass:

O optimal position is locate at large derivative
of cross section near threshold ;

A one point is enough, and 54 pb~! is sufficient
for accuracy up to 0.1 MeV .

>New technique is to be adopted to decrease the
uncertainty of beam energy measurement at
BEPCII.

»For t-pair decay, one-year’s data taking time
IS required to obtain reasonable precision at
BESIII .
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Backup

Mo Xiaohu

25



Statistical optimization [ wurwie )

!
Neglecting all experiment uncertainties calculate p;
Luminosity £ ; . )
EffiCiency c =14.7% ’ sampling by 1;(7) [ ] —
Branching fraction: 5, =0.1736 « 0.1784 ; [_ *_( | / Rc'm'tl ing /"
it mi (j >
_ !
BaCkg round OBG =0 C Calculate ! and S, >
Eliminate = S,
statistic e
Assume: M, is known. fluctuation @ iy ¥ty
To find : T Naamp — 1 Y
1. 'What's the optimal distribution of I BN
data taking point; oo | e T
2. How many points are needed in scan so
experiment; o
3. How much luminosity is required for co |
certain precision. 1o
P7=5 1776 1777 1778 T77o

Ecm (GeV)

Nov.,26-27th, 2007 Mo Xiaohu 26



* Beam Energy

[ dt/Foint

Pseudomass method

. ARGUS
. CLEO
. OPAL
o Belle
KEDR
'I‘hreshold scan
BES

1785

(MeV)

1780

5 7
Scan Point

Pomts 12,

Lum. ;

b pb_
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| | |
DASP 1807+ 20 : .
SPEC 1787'"° , -
-18
Markll 1787+10 | e
+3
DELCO 1783, o
ARGUS 1776.3+2.8 o
CLEO 1778.2+1.4 o
OPAL 1775.1+1.9 -
Belle 1776.77+0.35 )|
+0.46
KEDR 1776.77 , |
+0.31
BES 1776.96,,, .
| | | | |
1700 1725 1750 1775 1800 1825
m_ (MeV)
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TABLE II. A chronological summary of the 7%+~ thresh- 2 I I [ i
old scan data; W denotes the corrected c.m. energy, A the !
spread in ¢.m. energy [12] [see Eq. (8)], and £ the integrated (a) {b)
luminosity. = N
Scan point w2 A £ N =
(MeV) (MeV) (nb~1) (ep events) g~
1 1784.19 134  245.8 2 2 ’
2 1780.99 1.33 2489 1 o 11
3 1772.09 1.36 232.8 0 €] &/
4 1776.57 1.37 323.0 0 %
] 1778.49 1.44 322.5 2 o
6 1775.95 143 296.9 0 ST l
7 1776.75 L 1.47 384.0 0
8 1776.98 1.47 360.8 1
9 1776.45 1.44 794.1 0 0 | ] ]
10 1776.62 1.40 1109.1 1
11 1799.51 1.44 499.7 2 3540 3360 3580 3600 3553 3554
12 1789.55 1.43 2500 2

E.. (GeV)

+ 018 + 0.95 BES results:
M'c =1776.96 © 091017 MeV the stat. (0.18 © 0.21)

is compatible with
OM_/M_ =17x10-4 the syst. (0.25 @ 0.17)
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BES:PRD53(1996)20

Cross Section (nh)

2

aad

Fix all other fit parameters except for [V]_

0
3540 3560 35

0.08

0.06

0.04

0.02 b

1

1

80 3600 3553 554
W (MeV)

KEDR:hep-ex/0611046

eliminated

W(3770)

Nov.,26-27th, 2007

PR B R 1
100
h‘bemn_r776‘96» MeV

T20

BES KEDR
Scan | W/2 L N | Scan | W/2 L N
point | (MeV) (nb™") point | (MeV) (nb™)
1 1784.19 2458 9 1 1771.945 668 0
2 178099 2489 7 | 2* | 1776408 1382 1
3 1772.09 2328 0| 3* [1776.8906 1605 6
4% 1776.57 323.0 0| 4* |[1777.419 1288 4
0 1778.49 3225 5 b 1782103 283 4
6 1775.95 2969 1 6 1792457 233 3
7* 1776.75  384.0 2 7 11837994 305 14
g% 1177698 360.8 1 8 | 1888521 967 49
9 1776.45 7941 1
10 | 1776.62 1109.1 3
11 1799.61 499.7 24
12 1789.06 250.0 12
all 177693703 1776841019
inside 1777.06"0 53 1776.8310 3
outside 177684703 1779314
Mo Xiaohu 29




BESIII Luminosity : 1 x10 -3 cm ~2s ! (50%)
One day (86400 S) : 43.2 pb -1 (ue-tagged final state)
Two days, eu-tag, at BESIII =» Sm_ : <0.1 MeV

ee, ey, eh, py, ph, hh (h: hadron, like w, K)
N(ee, ey, eh, puu, ph, hh) > 5 * N(ep)
Multi-channel-tag, one day,

at BESIII = Sm_ : <0.05 MeV

Statistic uncertainty < 0.017 MeV

one week, multi-channel-tag
[One week, ep-tag, Sm_ : < 0.025 MeV]

Nov.,26-27th, 2007 Mo Xiaohu 30



O'B(mr,s) Accuracy Effect of Theoretical Formula

G5 5 )= exp W5 s

2N
Energy spread, variation form

5=(Ecm)?
Energy scale, variation form
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Study of systematic uncertainty

1. Theoretical accuracy
2. Energy spread AE

3. Energy scale

4. Luminosity

5. KEfficiency

6. Background analysis

Nov.,26-27th, 2007 Mo Xiaohu
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tot

m, = 1776.99 MeV

Theoretical Formula

o,4 [BES, PRD53(1995)20] fit results:
m_=1777.028 MeV, Am_=0.105 MeV

G [M.B.Voloshin, PLB556(2003)153] fit results:
m_=1777.031 MeV, Am_=0.094 MeV

om_=| m_(new) —m_(old) | < 3 x10 -3 MeV

Uncertainty due to accuracy of cross




High accurate theoretical cross section

— 2o’ an  any

o*(v)= v(3—V?)E, () L+~ S(V)— 2, - ) @ (10-39)
;(v)_z”“ v3-v)E M)+ 2 S(V)——+h(V))ﬂ’(1O ) MBVoloshin
Ao = G(v) 0'*(v) O'O(V)F (v)(h(v)+?) PLB556(2003)153.
g & 558 St 3t Sk 5o 9 5555 3_'56W?c_§,;v)3_'58 S5 56
o lm, s @=0)] 500 et Phys 41(1585)466

o, (m_,s)= J- s a’xF(x s)

1-T[s@-x)] [ 2 B Berendsctal .

Coo(m,5.8)=[" &, (m,,5")-G (s s, A )d s
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M, =3097.20MeV, M, =3868.88MeV
Tt//

0
v v

T, —
W:TW+T0

w°-T1))

M,,,=3096.916MeV , M, =3868.093MeV
1.8 . : : : : :
1.6}
1.4}

1.2F /‘-l
= 1t ]
= i ]

S i ‘/.
0.8F
o [
0.6 F /
0.4}
0.2F
Ot \ . . , ]
3.54 3.55 3.56 3.57 3.58 3.59 3.6
W(GeV)
n IuNie_ﬂi
LF(m_,¢g) = HPl.(mT,g) , P(m_,&) = ZN'
i=1 it

m_ = 1776 .98 04012 May/

Nov.,26-27th, 2007 Mo Xiaohu

Fit Results

New formula &Re-scale E
m_= 1776.98f8‘_§i MeV

£=14.2"71%

Old formula &Re-scale E
m_=1776.97"02 MeV
£=14.3"11%

Old formula & fore-scale E
m_= 1776.94f8'_ﬁ MeV

Fore result:PRL69(1992)3021

B +04
m_ = 17769 05 I\/|3e5V



O 102 -
3 Aoy f
% (1.06MeV) -
% 101 | L I |
S 308 300 310 311 312
O 10% | ] | :
: -
E’,; 4

102 |- ! —

——(1.51MeV)
3.67 3.68 3.69 3.70 3.7
E . (GEV)

Nov.,26-27th, 2007

Ao f(E) ;
f(E)=a E+b E2+C ES

a=1;
a=0;
a=0;
a=1;

n=0: ¢c=0;
n=1: c=0;
n=0; c=1;

n=1:c=1;

om_< 1.5 x10 —3 MeV

A—>3A
om_< 6 x10 =3 MeV

Mo Xiaohu
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(qu) uonoas sso1D

i0° !
102 |-
1 o o f(E) ;
B f(E)=a E+b E2+c E?
= a=1; b=0; c=0;
Y a=0; b=1; c=0;
102 |- a=0; b=0; c=1,;
| | a=1; b=1; c=1;
3.67 368 369 370 371
Ecrm (GeV) dm_< 8 x10 —3 MeV
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BES:PRD53(1995)20

Luminosity £: 2% = dm_< 1.4 x10 -2 MeV
Efficiency € : 2% =» dm_< 1.4 x10 -2 MeV

Branching fraction: 3; : 0.5% =» dm_< 3.5 x10 =3 MeV
[‘(Bf: ‘(B'c —>uv. ‘(Br —ev ! PDGO4]

Background g : 10% = dm_< 1.7 x10 =3 MeV
[ 655 = 0.024 pb -1: PLR68(1992)3021 ]

Total : dm_< 2.02 x10 -2 MeV

Nov.,26-27th, 2007 Mo Xiaohu 38



Absolute calibration of energy scale

OE transfer to the final fit
results directly and linearly <&
)
S
i 3
Depolarization method <

Compton backscattering method
KEDR Collaboration
Novosibirsk

KEDR Collab. , depolarization method:

0.2

0.1

0

-0.1

-0.2-

Single energy scale at level of 0.8 keV, or 10 *MeV
Total systematic error at level of 9 keV, or 10 -2 MeV

Nov.,26-27th, 2007 Mo Xiaohu




Stetet: of energy measunement syotem at BEST77

—p Incoming laser
—p Backscattering laser




Data taking design
Event

1.5 I I T T vr

3 or 5 points, or more selection
;|
=
E o.51 |
BKG.| D - Optimal
study, ¢ — | point
3.I52 3.I54 3.I56 3.I58 3.6

E__ (GeV)

BESIII Luminosity : 1 x10-3cm -2s-1(50%); One day (864005s) : 43.2
pb ! (ue-tagged final state) Three days, ep-tag, at BESIII = Sm_:~0.1

MeV
M_=1776.99 £0.1 £ 0.09 MeV
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@E,,;=3.6 GeV; EvtGen

e /unK

3 2
X w | ;
32 : ‘ ‘ | | | © [ ggroen
W[ oee | | | - | C T oen
TT— U | | | _— | 1.8— oek
1.8 TAM....c. | ‘ ‘ ‘ o -
- .rr—)KI_(_
YT | 1.6
1.6
14
14
12 1.2
- 1
08" 3 3 3 3 3 3 08
L ] | | ‘ | ] | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ B ] ] ] ‘ | |
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2

EIP

3*dE/dX+2*(E/ P)>5.6
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