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Introduction BCSII

m_ is a fundamental parameter of SM
s — 2.5
B(r —lvv) _ grmr3 F (m.m)
T 1927

T

Determination of m_to the highest possible precision = high precision
test of the Standard Model.

Check lepton universality

2 5 g, is the Fermi weak coupling
( 8 J _ T_u(mtu ) < Br(z — evir)x M ™) - constant. Phys.R 421, 191 (2005)

Su Te \ M, Foor(mesm,) F.or- Weak(electromagnetic)
Universality is sensitive to: m_° radiative correction
For e, u, Am/m ~10-8 | for t, Am/m ~10-4, need more precise
measurements.
Methods:

Pseudomass technique: ARGUS, OPAL, BELLE and BABAR

Threshold scan method (our focus): DELCO, BES (92, 96), KEDR and
BESIII



Threshold scan method BESIT

Study of the threshold behavior of the t pair production cross section
In e*e-collisions

Extremely important is to determine the beam energy and the beam
energy spread precisely

Observed t*t— cross section versus the beam energy
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Be1jing Electron Positron Collider (BEPCII) BESII

» Working energy range:
2.0~4.6 GeV

» Double-ring structure

» Design luminosity: 1 x
103 cm2s T @
1.89GeV

» Achieved luminosity:
0.7 x 103 cm=2s' @
1.89GeV

» Number of bunches:
2x93

» Beam current:
2x0.91A
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BESIII Detector BESI

Magnet Yoke 1T SC magnet
TO F —f ( M U C-ul D
Position resolution
Barrel time resolut ) | 2cm
ns (Barrel)

PID: 30 K/x separation for
P<0.7GeV/c@90° (Barrel)

Be beam
pipe
MDC

Position resolution:l 135 um Energy resolution: 2.5% (Barrel)
Momentum resolution: EMC @1.0GeV/c
0.5%@1.0GeV/c Position resolution: 8mm (Barrel)

Int. J. Mod. Phys. A24, 377 (2009)
) NIM-A614,.345(2010)
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T Mass Scan Experiment

T scan experiment done in
December 2011

Jp and ¢’ resonances
were each scanned at
seven points

Four scan point data were
collected near T pair
production threshold

The first point is below the
mass of t pair

The other three are above
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BESII

Scan Ecvy (MeV) L(nb™%)
J/ 3088.7 78.5 1+ 1.9
3095.3 219.3 +£3.1
3096.7 243.1 3.3
3097.6 206.5 £ 3.1
3098.3 223.5 3.2
3098.8 216.9 £ 3.1
3103.9 317.3 +3.8
T 3542.4  4252.1 £18.9
3553.8  5566.7 + 22.8
3561.1 3889.2 +17.9
3600.2  9553.0 + 33.8
2’ 3675.9 787.0 7.2
3683.7 823.1t74
3685.1 8324+ 7.5
3686.3 1184.3 9.1
3687.6 1660.7 £ 11.0
3688.8 767.7 = 7.2
3693.5 1470.8 £ 10.3




Beam Energy Measurement System (BEMS) BES]]I

Determination of beam energy crucial for t mass measurement

The electron energy E_ is related to the maximal energy of the
scattered photon E, by the kinematics of Compton scattering

E | m® = 0.
E,=—1|1+ [1+— —DECM=2><\/Ee+er- X COS(—==)
2 e E, 2

o(Energy) ~ 10-°, A (Energy spread) / Energy spread ~ 6%

positrons

RITAMB

R2IAMB

o NIM A659, 21 (2011)
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Scan point energies from BEMS B€SII

All-units-are-in-MeV
Beam energy Runs E.. AE., E,. AE.. Ecym AEcy
1554.0 24937 1544.542 0.135 1544.312 0.217 3088.667 0.256
154777  24938-24942 1547.917 0.099 1547.548 0.106 3095.278 0.145
1548.1  24943-24949 1548.692 0.103 1548.171 0.086 3096.676 0.135
1548.5  24959-24966 1549.079 0.109 1548.714 0.075 3097.606 0.133
1548.9  24967-24971 1549.451 0.081 1549.014 0.114 3098.278 0.140
1549.3  24972-24975 1549.566 0.101 1549.438 0.083 3098.817 0.131
1552.0 24976-24978 1552.186 0.088 1551.936 0.107 3103.934 0.139

1771.0  24983-25015 1771.558 0.067 1771.069 0.053 3542.413 0.085
1777.0  25016-25094 1777.307 0.060 1776.730 0.046 3553.822 0.075
1780.4  25100-25141 1780.926 0.055 1780.431 0.065 3561.142 0.085
1800.0  25143-25243 1800.526 0.044 1799.878 0.044 3600.186 0.062

1838.0  25244-25251 1838.183 0.256 1837.940 0.157 3675.901 0.300
1841.9  25252-25262 1842.234 0.112 1841.642 0.281 3683.653 0.303
1842.5  25264-25270 1842.825 0.201 1842.511 0.112 3685.113 0.230
1843.1  25271-25295 1843.560 0.113 1843.000 0.152 3686.337 0.189
1843.8  25325-25337 1844.148 0.126 1843.648 0.095 3687.573 0.158
1844.5  25299-25314 1844.700 0.177 1844.342 0.140 3688.819 0.226
1847.0  25315-25322 1847.141 0.189 1846.597 0.156 3693.515 0.245
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Beam energy spread from BEMS BESIL

Total energy spread (MeV) of a scan point,
OBEMS is calculated from the average
electron and positron spreads using

5P = |87 +6°

Error from error propagation:

A(85) = \/53_ x A28 )+0> xA%(3,) /8PS

Scan 0FMS A (BFMS)
J/p 1.112  0.070
T 1469  0.064
' 1534 0.109
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Data Samples and MC Simulation BESII

Bhabha events and two gamma events (ee—>vyy(y)) =2
determination of luminosities

Babayaga 3.5 generator

Hadronic events in J/ip and ¢y’ scan - study of J/ip and
1y’ hadronic cross-section line shapes

data @ 3.097GeV, @ 3.686GeV, @ 3.650GeV used for signal
/background assessment.

inclusive MC @ 3.097GeV and @ 3.686GeV
13 two-prong t pair final states are used 2>
determination of T mass

ee, ey, em, eK, uu, ux, uK, nK, x, KK, ep, up and zp (with
accompanying neutrinos implied)
KKMC + BesEvtGen

J
N VE—R.SI‘]'Y 12
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Event Selection for T pair candidate events BESIT

Good shower in EMC

E > 25MeV (50MeV) for |cosB| < 0.8 (for 0.86 < |cosH|
<0.92)

0 <t< 750 ns, tis the time information from the EMC
Number of good photon: 0 or 2
Number of charged tracks: 2

Cuts on Acoplanarity angle (6 and PTEM

aCOp)
P, _ (CIB1 +cf’2)T
E"" W—‘cé‘—‘c}z"

miss

PTEM =

PID selection criteria

13



Event selection details BESII

g Background from final state Owecop PTEM
) E the first scan point ce >10° >0.3

5 data ep <160° >0.1

s E em <170° >0.1

< .

eK <170°
i <140°

B uh <140°
g Signal T pair ee event hh <160°
E from the second scan ep <170’
3 point MC Kp <150
< T
PTEM
PID p (MeV/c) EMC TOF MUC other

e Pmin <P < Pmaz 0.8 < E/cp < 1.05 |ATOF(e)| <0.2 ns
0 ns< TOF <4.5 ns

L Pmin <P < DPmaz E/ep < 0.7 |ATOF(u)| <0.2 ns (D >(80xp-50) cm or D >40 cm)

0.1< £ <0.3 and N >1
T Pmin <P < Pmaz E/ep < 0.6 |ATOF ()| <0.2 ns not u
0 ns< TOF <4.5 ns
K Pmin <P < Pmaz E/cp < 0.6 |ATOF(K)| <0.2 ns not

0 ns< TOF <4.5 ns
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Comparison of the data and Equivalent MC RESTT

Samples
Acoplanarity angle PTEM 1st — point below threshold
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Comparison of the data and Equivalent MC RESTT

Samples (Continued ...... )

Momentum of charged  TOF of charged 1 point below threshold
_tracks tracks
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Numerical comparison between data and
normalized MC

The numbers of normalized MC events have been multiplied
by the ratio of the overall efficiencies for identifying t pair events for

data and MC simulation

BESII

2 3 Total
Final state Data MC Data MC Data MC Data MC Data MC
ee 0 0 4 3.7 13 12.2 84 76.1 101 92.0
eu 0 0 8 0.1 35 314 168 192.6 211 233.1
ern 0 0 8 8.6 33 29.7 202 184.4 243 222.6
eK 0 0 0 0.5 2 1.8 16 16.9 18 19.3
Up 0 0 2 2.9 8 9.2 49 56.3 59 68.4
Un 0 0 4 3.9 11 14.1 89 86.7 104 104.7
uk 0 0 0 0.2 3 0.8 7 9.0 10 10.1
b 7/3 0 0 | 2.0 5 7.7 57 54.0 63 63.8
7K 0 0 1 0.3 0 0.8 10 8.2 11 93
KK 0 0 0 0.0 1 0.1 1 0.3 2 04
ep 0 0 3 6.1 19 20.6 142 132.0 164 158.7
Up 0 0 8 33 8 11.8 52 63.3 68 78.5
np 0 0 5 34 15 10.8 97 96.0 117 110.2
Total 0 0 44 442 153 151.2 974 975.7 [l 171 1171.0
Agree well
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Data Analysis — Determination of luminosity BESTIT

» Correction for
iInterference effect
has been
considered.

» AL 1£<2% for most
energy points

UH

of HAWAIL'l"
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Scan|Ecys|  LBhabha L L Bhabha /Ly~
(GeV)| (mb71) (nb~1)

J/1|3.0887| 77.95+0.81 | 78.5+1.9 [0.993 &+ 0.026
3.0953| 223.6 2.6 | 219.3 +£3.1 {1.020 £0.019
3.0967| 247.4+2.1 | 243.1 £3.3 |1.018 £0.016
3.0976| 202.6 =1.8 | 206.5 3.1 [0.981 +£0.017
3.0983| 223.2+2.2 | 223.5+3.2 [0.999 £+ 0.017
3.0988( 213.9+2.2 | 216.9+ 3.1 |0.986 £+ 0.018
3.1039| 312.9+2.4 | 317.3 £ 3.8 [0.986 +0.014

T 3.5424|4283.4 + 26.5(4252.1 £+ 18.9({1.007 £ 0.008
3.5538|5595.9 & 34.4|5566.7 £+ 22.8({1.005 £ 0.007
3.5611|3873.0 = 24.0(3889.2 + 17.9({0.996 + 0.008
3.6002]9581.3 &= 58.5(9553.0 £+ 33.8{1.003 £ 0.007

P [3.6759| 788.2+5.5 | 7T87.0+ 7.2 |1.001 +0.012
3.6837| 835.4+6.2 | 823.1 7.4 ({1.015+0.012
3.6851| 836.7 6.0 | 8324+ 7.5 {1.005+0.012
3.6863( 1209.4 £ 8.0 | 1184.3 £9.1 |1.021 £+ 0.010
3.6876|1672.8 =11.1(1660.7 £ 11.0{1.007 £ 0.009
3.6888| 7T88.7T+£5.6 | 767.7T£ 7.2 |1.027 £0.012
3.6935| 1497.3 £ 9.8 [1470.8 £ 10.3{1.018 £ 0.010
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Data Analysis — J/Ap and 1y’ Hadronic Cross RESTT
-section Line Shape

Fit parameters of resonances:
AM: the difference between fitted 1p mass and normal value from PDG
d,,. energy spread

Scan AM (MeV /CZ) 0w (MeV) L (NP — ot 1)
J/v 0.074+0.047+0.043 1.12740.04240.050 X = ; NP1+ NP(AL;/L;)2)
)’ 0.11840.0764+0.021 1.545+0.05140.069

_ 7 — — 500 —
% 1400 e B R
o) 1200} x%/ndf =3.828/3 o) 400} x2>=10.1/3
1000~ -
. 3001
800 B
600 200
400 -
. 1001
200 - B
3085 3090 3095 3100 3105 3110 3115 3 7bléé7sléésb*36851369b13695157oo

Ecy [MeV] Ecy [MeV]

|
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Extrapolate the energy correction to

the T-mass

_ — 250
If the correction hasa 3

linear dependence on X
the energy (red line) :

= 200
Am_ = (0.054£0.030)

BESII

MeV/ 150
If the correction is 100
constant (blue line) :
Am_=(0.043+0.020)
MeV 50
The difference :

Am_ = 38

(0.054+0.030+0.012) MeV

ﬁn\
I( 5
L&)
-
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E —— Linear fit: At =54+30

- Const: At =43+20

B —— Sys: At,=11

E ///’/

- . Lo Lo L .

00 3200 3400 3600 3800
E. [MeV]
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Extrapolate the the J/y and v’ energy
spreads to the T region

BESII

Quadratic dependence of §,, on energy, extrapolate the the J/y and
W’ energy spreads to the t region (blue line):

d,, = (1.471+£0.040) MeV
BEMS results are plotted by red points.

S 1800_ —a— J,,: resonance fit
N Ax E2,: A=1.15":2.8"°
= 5,: BEMS
« 1600~
1400
1200~

i | | | | | | | | | | | | | | |
100800 3200 3200 3600 3800
Eyy [MeV]

ﬁn\
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Data Analysis — T mass determination BCSIT

The likelihood function for the
maximum likelihood fitting:

L(m. . Rowa, we,,) = ﬁuiN"e_“" The CM energy dependence of the
oo PR T g LNy T pair cross section resulting from
AV the likelihood fit (curve), compared

to the data (Poisson errors)

‘ui = [RData/MC X gi X G(EéM’mr) T GB] X li

8i=Bl"j8ij, 2.0_""|""|""|""|""|""|""_

_ o QO L me = 1776.91£0.12 MeV/é, i

[ represents energy points, j represent channels £ 1 5 Rowac =1050.04 -

CC) ’ - 0B — 01012 p, ]

In carrying out the ML fit, m_ , = B i

O 10f .

R,..uc OB are floated (% - )

B os5fF -

O B j

S L m

O 00 _. v by b b b b by .__

3540 3550 3560 3570 3580 3590 3600 3610
W (MeV)
o
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Systematic Uncertainties BESII

Source Am, (MeV/c?)
Theoretical accuracy 0.010
Energy scale RGP
Energy spread 0.016
Luminosity 0.006
Cut on number of good photons 0.002
Cuts on PTEM and acoplanarity angle 0.05
mis-ID efficiency 0.048
Background shape 0.04
Fitted efficiency parameter IR
Totl 000t

UH ”




Summary BESII

_ 4 +0.10 2
m_ 1776.91._0.12_0-13M€V/C PRD 90, 012001
Calculate g_with B(t=>evvbar) and t. from PDG

_ =3 =2 Compatible with previous determinati
8, =(1.1650=0.0034) x 107 GeV ™ o o comee fom am.
The ratio of squared coupling constants:

(gr /gu )2 —=1.0016+0.0042  agrees at the 0.4c level !

Yoshio Koide equality testing ARGUS 1776307
BES (96’) 1776.96%%2

) CLEO 1778.201 5

m,+m, +m_ ==(/m, +m, +m, )? OPAL 1775101 &0
‘ 3 BELLE 1776.61:938

> , Om,, | KEDR 1776.8115 55

Afm=\/ 2 (ml.—§ E 1/ml.mk) ><( ) BABAR 1776.68%)2
ime i, keequ.v m PDG12 1776.820,8

This work ~ 1776.91%57¢

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
1766 1768 1770 1772 1774 1776
Tt mass (MeV/c?)

The error: Af, z15m1z60kev A
3 1778 1780

‘\\-..w"
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BESII
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Bask up slides BESIL
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Pseudomass technique BESII

Based on the kinematics of multihadronic T decays, such
as : X

e'e 2Tt 2 T TV,

+ +
-2 etv.v,, U Vi Ve

22 l

3 E’E _pr . °°°§’
~ R \[(aFTa ]

I RS el

T momentum region: pT P3 +P,.
= \/Ev _mv m , neglect,

Assumptions

\4

%9 7 ) 2
=ET _pr =2(ET_E37I)(E37I_p37I)+m37T
Large sample, 3 assumptions 1 mass can be extracted from the fitting

S ]lY 27



Theoretical T pair production cross section BESII

dee

()FA
v

Energy Spread

(w-w) /2A2fdxF (x

|

ISR correction

Coulomb Correction

FSR Correction

N

Vacuum Polarization
Correction

o (). 47 BB=F) E /»’)E(/»’/
3W? 2 1 H(W)]
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