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Motwation of high accwnrate 1 massy measurement

Elementary parameter in SM (PDG2012)

> M _=0.510998910+0.000000013 (2.6x10-%)
» M,=105.658367+0.000004 (3.8x1073)

> M.=1776.82 £0.16 (9.0x10°5)
g, and g, : coupling constants;
Lepton universality testing tand 7, :life time of T andp;

B(t 2ev,v_ )and B (Méeve\/u} :
2 S d branching ratio; A :correct
r,(m,Y B(zr—ev.y) pidpis e
gr _ _H U (1 A ) factor (phase factor, radiative
m B ( o> —> e V.V ) correction factor of QED, correct

¢ factor of propagator of W-meson
etc.)

Yoshio Koideo (1981) equality testing

B Ty GO b e 1

> Af, =1/30m,
2
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1700

DASP 1807% 20 - PDG (2006): 1776.90""2
SPEC 1787 7 . KEDR (2007): 176,822
PDG2012: e
Markll 1787+10 | o BELLE (2007): 1776.64:0.13:0.35
DELCO 1783"; o 1776.82 £0.16 MeV OPAL (2000): 1775.10:1.60:1.00
T gl CLEO (1997): 1778.20:0.80:1.20
CLEO 1778.2+1.4 L BES (1996): 177696, "
CLEO (1993): 1777.80+0.70:1.70
OPAL 1775.1+1.9 -l
BES (1992): 1776.90_‘::;;";“
Belle 1776.77:0.35 4 00
e ARG (1992): 1776.30:2.40:1.40
KEDR  1776.77 .35 1 DELCO (1978): 1783.00°°™ .
BES  1776.96'5 4 | T '
1725 1750 1?1?5 1800 1825 17‘55‘ — I17‘60I — ‘17‘65| — ‘17‘70‘ = ‘17|75‘ = I17‘6:0I - I17‘65I —
m_ (MeV) m, (GeV)
Method: Pseudo-mass and threshold scan
T lepton mass measurement Year Ex. Group |Data Method
[value+statistic +systematic errof] sample
1776.68 £0.12+0.41 2009 Babar 423 tb~1 | Pseudo-
mass
1776.81+(+0.25-0.23) +0.15 2007 | KEDR 67 pb~! | Scan
1776.61 £0.131+0.35 2007 Belle 414 fb~1 | Pseudo-
mass
1776.96+(+0.18—0.21)+(+0.25-0.17) | 1996 | BES 51pb! |Scan




Psendomass method L f(x) (a,+a, x)-arctg((x- al)/az)
g
e = 1750
P o0
i > 0 All in CMS Q 1500
()
D 1250
[
)
M < M Lﬁ 1000
min — T
M, =M’ +2(E - E, )(E, - Py) 70
E_=E,.,,- beam energy, run dependence 500 |- 4
T C _ <2.8 - —
is corrected 250 M, -M,_|/M,<2.8-10
E, : hadron system energy @ 90% C. L
P, hadron system momentum O T R R
M, : mass of the hadron system 2
_ - Data: 414 fb! M (G8V/C7)
Source of systematics o, MeV /¢~
Beam energy and tracking system 0.26
Edge para 1rniterlzat10n g 0.18 MT — 1776.61
Limited MC statistics 0.14
Fit rzinge 0.04 + 0.13(Stat.)
Momentum resolution 0.02
Model of 7 — 371, 0.02 + (0.35(sys.) MeV
Background 0.01
Total 0.35 (Belle:PRL99,011801)
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VEPP-4M energy (MeV)

ThreShOId SC&H l l leth()d u.uaf 450 b lut 1yt ndf .299,1/28I0 -
; 400 g1 “[Prob 21[
é (};[3)2/] measurements : ) 2 ;32; 1
]777.62 0.025F = 2002 \‘ OBS
r [ 150 E t
1777.55 F 0.02F N ‘
17775 F : L] S — el
r - ) 10900 11000 11100 11200 11300
1777.45 time (3) Channels
]777.4; | 0 02
1777,352 01 _ . 5
17773 E :
177725 F L - I
17772;— l 008 R B
E ‘ ‘ . L e -
1777.15 06/|04 07/04 08/04 09/04 1 0/1)4 & B O
006 -5.0-250 2550
. _ F: . yu
8 points, 6.7 pb~, for T % 004l !
1 points, 0.8 pb~!, at ' Tr y(3770)
0.02 W(2s)
Beam energy determination 40 -
Detection efficiency variations 100 0L PN T T T T T T A T N T Y S
Energy spread determination accuracy 25 0 20 40 60 80 100 120
Energy dependence of the background 20 Eb —1776.96 (MGV)
m .
Luminosity measurement instability 90 = 0.95
Beam energy spread variation 15 M’C = 1776.81_{; 0??3 i O. ]_5 MeV
Cross section calculation (r.c., interference) 30 .
Sum in quadrature 150 e} \/I / \/I _ 1 64 XIO —4
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For BEPCII
Energy accuracy

Improvement :
103> 5x103

For BESIII physics

Effective
experimental
means of T mass
measurement

*  High accuracy
measurement of
physics analysis

e  Measurement of
resonance
parameters, mass
of charm mesons
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C()ntent 1. Scan optimization

Sep., 18th, 2012

2. Data

taking

3. Analysis
1)Ecm calculation
2)Energy point

determination
3)Resonance scan (E, AE)

4)t mass fit
4. Summary

BINP, Hawaii University,

IE

P, Tsinghua University.
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Summary

»Monte Carlo simulation, sampling technique,
are employed to obtain the optimal data taking
point for high accuracy T mass measurement. We

found:
O optimal position is locate at large derivative

of cross section near threshold ;
® one point is enough, and 54 pb~! is sufficient

for accuracy up to 0.1 MeV .

» New technique maybe adopted at BESIII to
improve the accuracy of absolute energy

calibration

oth International Workshop on Tau Lepton Physics

Pisa, Italy, 19-22 September 2006
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Statistic optimization for scan data taking

1. N free parameters fit, N energy points is
enough

2. The optimal position can be obtained by
single parameter scan

3. Luminosity allocation can be determined
analytically or by simulation method

4. The uncertainty of tau mass is
proportional to the inverse of square root
of luminosity

Sep., 18th, 2012 Mo Xiaohu 9



0251 o 1-parameter Optimization study:
ool . e | Chin. Phys. € 2009,
! 1 33:501-507 ;
0.15 L 1 Y.K.Wang,
1 J.Y.Zhang,
0.1 1 X.H.Mo,
_ 1 C.Z.Yuan.
0.05 -_L,E 110 ph ! {1 Only based on
ol | v | | epevent!!
0 50 100 150 200 Only Statistics
Lee (pb™") uncertainty !!

1-M_, 2-¢, 3-0p; ;
L L, - 31, L L, - 10%, M, c(NL) ™}
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g 7 : NS
25-35;_ J / d) u-.crr;— T — threShOId lg s-jcé—
25":":'; 0-055—1 00 pb_l 50&%—
- 005~ o C
1500/~ ;j o_u-si— 1 4-3(:-;—
+000F- o.u@f— * BDC-;—
=/ 10days| =
r 001 i10 F
E 8 o/ IDC-_—
1T P S T T T T N T T T A TN T N WY T M A TR DR I AT SN S B BN A AT B AT S | O by s by by by v by v by v by g aaal
l;542 1544 1548 1548 1550 1552 IIES,SI'\::QV o 1770 1778 1780 1785 1780 1?96]7:[1.1;?!]-‘ 1834 1836 1838 1840 1542 1544 1845 1848 1BSE,I’\,11QB‘I;?2
. . . Energy | order | Beam energy C.M.S energy | Integrated
First circle: region M) (MeV) fum. (pb?)
b Energy |1 1544.0 3088.00
J/y scan (7.pts) —> T scan (5 pts) =2 y’ scan (7 pts) N e g
Second circle: for Tipsi | 3 1548.1 3096.20
scan 4 1548.5 3097.00
J/yscan (7pts) > tscan (pt.9&10) = y’scan (7 pts) s 15180 200780
6 1549.3 30098.60
7 1552.0 3104.00
. . Energy | 8 1771.0 3542.00 14
oints 9 1776.4 3552.80 14425
Final uncertainty ;
for tau| 10 1776.65 3553.30 14+12
scan 11 1780.2 3560.40 7
(sta. @ sys.)< 0.1MeV
Energy | 13 1838.0 3676.00
points 14 1841.8 3683.60
for psi’| 15 1842.4 3684.80
scan 16 1843.0 3686.00
° ® 17 1843.7 3687.40
T scan plan /anticipated 5 s oo
19 1847.0 3694.00
Sep., 18th, 2012 Mo Xiaohu 11




actual T mass scan [
Job Beam Begin Begin time | End End time Int. lum. Gt; e M events Only

encrgy Run Run (Elil'l) 1.4 _+ oot | | - .

(MeV) number number T 1.2 : - S T % ,
Tipsi 1544.0 24937 2011/12/22; | 24978 | 2011/12/23; 1.428 g 1 i ‘
scan 1547.7 10:40:12 10:01:35 s - :

1548.5 8 o6l .} %@@@

1548.9 © G@%@ _

15493 0.4 ’ @ | pr—
Energy | 1771.0 24984 2011/12/23; | 25015 | 2011/12/24; 4.035 OE-I . |i|| ‘]‘ e T T
points 13:12:26 14:47:46 3540 3550 3560 3570 3580 3590 3600

W (MeV)

for tau| 1776.9 25019 2011/12/23; | 25094 | 2011/1226; | 4.914

scan 182410 08:32:34 21.75 pb~' () +
17804  |25098 | 2011/1226; | 25141 | 2011/1227; |3.671 8.677pb—1(J/\|] &\V’)=30.348pb‘1 /9.7days

09:46:24 09:38:34
1800.0 25142 2011/12/27; | 25243 | 2011/12/29; 9.0356
10:26:46 08:48:20 — . R
pst’ 1838.0 25244 2011/12/29; | 25337 | 2011/12/31; 7.245 Prellmlnary reSUItS:
scan 1841.9 09:04:32 02:31:32
1776.84 £0.30) MeV
1843.1 ( . :I: . e
1843.8
0.31MeV (5 pb!) 2
1847.0

414 5/39+26) 3.7/7 914  <0.1MeV (66 pb™')
28% 7.7% 53%  64%
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Details about data analysis

1) Ecm calculation

2) Energy point determination

3) Resonance scan (E AE)
4) T mass fit

Sep., 18th, 2012 Mo Xiaohu
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CM energy setting S=(E.+E_)—(p,.+p.)

EM=(E., +E_)-cos—
e e 2 Ee+ - . Ee_
E.n =2,E.E_ -cos% O=r—a
p 22mrad
E~EN ~ 2Ebeam[1 —?j
BEMS

EE

EYS = \/2m§ +2E_E_—2\JE2 —m2 JEZ —m? -cos(7 - o)
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History Graph

Data from BEPCII. Lines:2,Points:d449 2012. 5.1
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Two conditions for BEMS
data taking control:
1.Accelerator status, beam
injection;

2. Time duration of
counting, 40-60 minutes.

Sep., 18th, 2012
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/ n h“"‘-._ || .\-VI"'L
aso |/ [
f R |
y e el !
400 | / SN f .
! ~— ) .
350 [ Tl ‘ ~
| . ‘-";—-.,_
300 l '
250 | |
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150 | |
100 I |
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count rate: 11556
time stej

Acquisition time a it t:

FEFFFrrrnnn Iy J

IVIU Al14dUIIU

Under the
condition of
stable running,
the data taking
time for

and

almost coincide
with each other;
but for unstable
situation,
whatever due to
accelerator or
detector, the
overlap of two
kinds of time
are complicated
and should be
considered
carefully,
especially for
scan data
taking.




Beam Energy Measurement System Status (Sun Dec 25 08:13:20 2011)

[ [ Eeom | Postom |
Energy, MeV: 1777.207 £ 0.141

—emstm ]

oy wesaiov | e | o

e mme———a| or resonance scans, the
o121 | S ecsser003 1|

Measured until: Sun Dec 25 08:13:01 2011
—4— electrons energy

% 1778.5 —§— positrons energy

situation 1s rather ... ...

E— requested energy

& 1778.0

@

c

@ 1777.5

£ _{,_-

E 1777.0 = I + + i' n m Energy Measurement System Status (Thu Dec 29 23:50:15 2011)

R e

1776.0

AR RN A O R E I Thu Dec 29 22:57:11 2011 |  Thu Dec 29 21:26:32 2011 |
0:00 22:00 00:00 02:00 04:00 06:00 08:00

Requested energy is: 1776.60 £ 0.15 MeV

1775.5

1775.0

N

—$— electrons energy
L e e S e + positrons energy

requested energy

For 1t scan, the
data time is
comparative long
and the running

status is fairly
stable

1843

1842

beam energy, MeV

1841

1840

1839

1838

Beijing time

Requested energy is: 1843.10 £ 0.15 MeV
Sep., 18th, 2012 Mo Xiaohu 16
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- te o Q - ©) y' scan
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R 4 , o \Y B ® S a,.é..
= ..., Tun; 24937-24978 N
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Time matching

1) For each scan point, find runQ, runl are the
starting and ending run # respectively; and TO
is starting time of run0; T1 is ending time of
runl;

2) Select E(e+/e-) whose starting time or
ending time falls >=T0 and <=T1;

3) Abandon E(e+/e-) of the scan point i whose
central time <T1(i-1) or >TO(i+1).

. BEMS d.t time

BES d.t. time

\ J \
|

Scan point i Scan point i+1

l } k J
| |

Scan point i Scan point i+1

Sep., 18th, 2012
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Scan point

Run number

FE.-(MeV)

E.+ (MeV)

E.pn (MeV)

1

[N

i~

24983-25015
25016-25094
25100-25141
25143-25243

1771.558 = 0.
1777.307 £ 0.
1780.926 £ 0.
1800.526 &= 0.

1771.069 £ 0.053
1776.730 4= 0.046
1780.431 £ 0.065
1799.878 £ 0.044

3542.413 4= 0.085
3553.822 £ 0.075
3561.142 £ 0.085
3600.186 £ 0.062

T/

o =

=W

wt

=I

24937-24937
24938-24942
24943-24949
24959-24966
24967-24971
24972-24975
24976-24978

1544.542 4 0.
1547.917 £ 0.
1548.692 = 0.
1549.079 = 0.
1549.451 £ 0.
1549.566 £ 0.
1552.186 £ 0.

1544.312 £ 0.217
1547.548 £ 0.106
1548.171 £ 0.036
1548.714 = 0.075

3088.667 £ 0.256
3095.278 £ 0.145
3096.676 £ 0.135
3097.606 £ 0.133

=

W

25245-25251

25252-25262

25299-25314
25315-25322
25325-25337

1838.183 + 0.25

1842.177 £ 0.0
1842.755 £ 0.1
1843.402 £ 0.0
1844737 = 0.1
1846.832 4+ 0.
18344.130 = 0.

Bhabha

eDce

Di-gamma
ey

Sep., 18th, 2012

1549.014 = 0.114 3098.278 4+ 0.140

1549.438 4+ 0.083 3098.817 +=0.131

1551.936 = 0.107 3103.934 + 0.139

1837.940 = 0.157 3675.901 4+ 0.300

1841.279 4= 0.220 3683.653 + 0.303

1842.489 4= 0.087 3685.113 £+ 0.230

1842.893 £ 0.110 3686.337 = 0.189

1844.137 = 0.107 3688.819 £ 0.226

1846.487 = 0.108 3693.515 4+ 0.245

1843.396 4+ 0.088 3687.573 + 0.158

Scan point iyl :,"-'-" 8 i';‘" Lenabhe (mb™1 I\ obs nbh—1}

1 1575827 SR0= 1502 89 TA4240
2 2043558 TH53T1 BRTT.-14 ST
3 1413321 H2432 102350 GT192
I 3411037 126051 100GE.29 161482
I 35143 1393 31.79 I =04 T5.52
2 114205 T19] 239.19 016 219.26
a5 1370495 21744 26007 55567 243.13
1 109972 17947 20600 1718 206G.55
5 116221 155003 235,84 5104 223.53
5 106130 10079 215.17 1050 21687
T 1 SOSEE0 G615 324 .23 T218 317.31
[ 269201 O=TH =®30.58 12763 TE7.04
2 254362 1095 B879.30 13201 823,10
=] 285T6H2 1277TH BT TH 13432 83247
] 114291 20000k 12665841 | R0y 115:1.34
5 SGHGH] 27641 173427 26761 1GGO.TT
( 265322 115809 B17.48 123064 TGT.9
T 501530 19215 1550.59 23624 1470 ¥

Mo Xiaohu



J /1 3096.916 == 0.011 )’ 3686.09 = 0.04
Lumi. di-gamma Bhabha di-gamma Bhabha
1\-’1(1\-’16V/C2) 3097.022 4= 0.063 3097.070 = 0.083 3686.229 + 0.107 3686.243 4+ 0.108
Agp(MeV) 1.086 = 0.055 1.109 = 0.029 1.556 £ 0.060 1.567 = 0.058
€ (67.29 + 1.69)% (65.76 + 1.56)% (84.83 +2.65)% (79.85 £2.47)%
XQ/-ndof 2.48/3 3.05/3 6.17/3 5.21/3
Am I 0.106 = 0.064 0.154 = 0.084 0.139 =0.114 0.153 = 0. 115 ]
) e 800 P
- |t= 3 — |4 y
%400 _— W %400 == W
g |Z= g |Z=
3 . A ~
g, 200 § 200 AE Scale~70 keV
36‘75 3680 36I85 36I90 5695 56}5 3680 36r85 36I90 3695
Ecm (MeV) Ecm (MeV)
2000 ————— 2000 [
Ewoo _z J/ W £1500 :o: J/ W
S o0 |—= 2 1000 | — =
E 500 g 500 |
gOBS 3{1'9[1 30-95 31I00 3105 gDSS 30I95 31I00 3105
Ecm (MeV) Ecm (MeV)
Sep., 18th, 2012 Mo Xiaohu 20



MeV | AE (e-) AE (e+) AE_., from BEMS | AE from psi fit
J/psi 0.68+/-0.05 0.86+/-0.04 1.09+/-0.06 1.063+/-0.002
tau 0.94+/-0.03 1.15+/-0.03 1.48+/-0.04

psip | 0.96+/-0.06 |1.15+/-0.06 | 1.50+/-0.08 1.672+/-0.002

Ag (MeV)

2

1.8

1.6

1.4

1.2

1

0.8

0.6

+ A from BEMS | |

+ Ag from fit

95 10 105 11 115 12 125 13 135
E2. (GeV?)

Sep., 18th, 2012 Mo Xiaohu
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Event Selection

Partial information,
not the full list !

PID p (GeVl/c) EMC TOF MUC other
€ |\Pmin < P < Pmaz|0.8 < E/p <1.05| |Atof(e)| <0.2
0< tof <4.5
o Pmin < P < Pmax E/p <0.7 |Atof(p)| <0.2 [(depth >80xp-50 or depth >40)
0.1< £ <0.3 and numhits >1
T | Pmin < P < Pmaz E/p <0.6 |Atof(m)| <0.2 not i
0< tof <4.5
K | pmin <P < Pmax E/p <0.6 |Atof(K)| <0.2 not f
O< tof <4.5
— P”f ) (P Jfﬁm; 'I_'he detection e_ff|C|ency for dlff_erent
Emer W B - B final states at different scan points
No good photon: N, =0 scan point Efficiency (%)
Good photon: ec e eh pp ph hh ep pup mp
;; C|J<T%C|<t4é(léni2tisiﬂon\?) 2 17.1 21.8 32.4 14.2 15.3 256 99 5.5 9.1
3) 0.84| cos® | <062, E>SOMeY 3 17.623.2349 140 16.9 29.3 104 6.1 8.9
4) Byc >20 _. 4 17.8 23.1 36.2 13.9 17.7 34.5 10.8 5.3 12.8

Sep., 18th, 2012
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The number of observed events and that of
normalized MC samples are consistent within errors.

2 3 4 total
Data MC Data MC Data MC Data MC Data MC

final state

ee 0 0 4 37 13 122 84 76.1 101 91.9
el 0 0 8 92 35 31.3 168 192.7 211 233.1
er 0 0 8 86 33 20.6 202 184.5 243 222.7
ek 0O 0 0 05 2 18 16 169 18 193
m 0O 0 2 29 8 92 49 563 59 o084 Total

5y 0 0O 4 39 11 140 89 86.7 104 1047 ConSIStenCy

yk 0 0 0 02 3 08 7 90 10 10.1

e 0 0 1 20 5 77 5 s40 63 e IS fairly well!
k0 0 1 03 0 08 10 82 11 93

ke ke O O 0 00 1 0.1 I 0.3 2 0.4

ep 00 3 61 19 206 142 132.0 164 158.7

up 0 0 8 33 I8 11.8 52 623 68 785

o 0 0 5 34 15 108 97 960 117 110.2

Total 0 0 44 44.2 153 150.8 974 976.1 ||7| [171.1

Sep., 18th, 2012 Mo Xiaohu 23



Events /(180°/30) Events / (180°/10)

Events / (180°/55)

Acoplanarity angle

{

1) 20 40 60 80 100 120 140 160 180

Acoplanarity Angle(degrees)

4-data
—MC

R
g
RIRIERINTRTNIRIRRARTE

H

R —

ST T T T T

Acoplanamy Angle(degrees)

5¢s883

a o

1] 20 40 €60 80 100 120 140 160 180

Acoplanarity Angle(degrees)
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Events/0.02 Events /0.11

Events /0.017

PTEM

(=

—
w
l'l'll'lIl'lrl'lll'llt"ll'lll’ll’l'll,,

——

—

—+-data
—MC

—r

2-point
Ecm=3553.8MeV

%0 01 02 03 04 05 06 07 08 09
PTEM

as .

% —+4-data _

o e

i Y TR R TR T 08 09
PTEM

Mo Xiaohu

13-point
{Ecm=3561.1MeV

4-point
Ecm=3600.2MeV

1.0
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Momentum of charged tracks

Events / (0.03GeV) Events/ (0.24GeV)

Events /(0.015GeV)

40
35

25
20
15
10

40
35

25
20

15
10

53883 8

20
10

[} ..

- IIII[IlIl]II]IIIII]lIIIlI]IlIIIlIII]IlI

0.2

02 06 08

Momentum(GeV)

l1,0‘ .

lllllllllulllul[nu

+caa

oy

- lIIIIIllllillIIIIlII]lIIlI]IIIIllllllll

Al

E ik 1 1

0 0.2 04 0.6 0.8 10
Momentum(GeV)

é: 4-ca31a

—MC

LA

ot IllllllIIIIIlllllilll]ll.lllI]llllilllI[

% FE——

02

Momentum(GeV)
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A M PRI PPN
04 06 oe

Events / 0.063 Events /0.36

Events / 0.025

TOF of charged tracks

s E +-data

i 2-point
3 Ecm=3553.8MeV

1 3-point
1 Ecm=3561.1MeV

" TOF

90 ¢

S.0

80
70
60
S0
40
30
20
10

P U i
%5 30 35 a0 45
TOF

Mo Xiaohu

4-point
Ecm=3600.2MeV

FETY FTTTI IYYTY IOV [PTY JTYT: Foem premL e

s.0
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s BES:PRD53(1995)20
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F(x): E.A.Kuraev,V.S.Fadin, Sov.J.Nucl.Phys. 41(1985)466;
[1(s): F.A. Berends et al. , Nucl. Phys. B57 (1973)38]1.
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Theoretical accuracy of cross section at the level of 0.1%
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T mass measurement ~0.15 MeV or 9x107,

2.0_' rrrp e p ettt i
.8 i il 0.1 MeV or 6x107°.
z 1o ~ Systematic errors
o | :
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m - —
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@ 05k 4 | Espread ~15
O 1 |E ~70
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M, = 1776.¢ s MeV
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Summary

1. BESIII: Mr — similar = comparable MeV,
PDG12: M_=1776.82 £ 0.16 MeV;

2. Universality will be tested at the
level of ~0.3%; and Koideo identity
is established within the error of
~50keV;

3. Experience is gotten, confidence is
built for obtaining in the future
the uncertainty < 0.1 MeV;
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