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Tau Mass Measurement

T

Elementary parameter in SM (PDG2012)

> M,=0.510998910+0.000000013 (2.6x107%)
> M, =105.65836710.000004  (3.8x107%)
> M _=1776.82 +0.16 (9.0x1075)

Yoshio Koide (1981) equality testing
m, + m +M. 2
(o 666659(10))

D)

Lepton universality testing
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Tau Mass Measurement

PDG2012:
1776.82 £0.16 MeV

1.Pseudomass Method
2.Threshold Scan Method

m; =pi=(p,+p,)
2m§+2(Eh—‘Bh‘)(ET—Eh)

Our Goal: Am < 0.1 MeV
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For BEPCII
Energy accuracy
Improvement :

103> 5%x10
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Data AnaIyS|s

-t 7 — threshold

2500 B 12
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Time: Dec. 2012
Data: ~ 20 pb™
BOSS: 662
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Scan point

Run number

24983-25015

E.—(MeV)
1771.558 % 0.067

Eo+ (MeV)
1771.069 = 0.053

Fop (MeV)
3542.413 £ 0

.085

T 2 25016-250941 1777.307 = 0.047 1776.730 = 0.016 3553.822 £ 0.075
3 25100-25141 1780.926 £ 0.055 1780.431 == 0.065 3561.112 £ 0.085

hl 25143-25243 1500.526 £ 0.044 1799.878 4+ 0.044 3600.186 £ 0.062

1 24937-241937 1544.542 == 0.135 1544.312 = 0.217 3088.667 £ 0.256

2 24938-24042 1547.917 £ 0.099 1547.548 4+ 0.106 3005.27s £ 0.145

3 24943-24949 1548.692 £ 0.103 1548.171 &£ 0.086 3096.676 £ 0.135

J/qp 4 24959-219606 1549079 = 0.109 1548.714 4+ 0.075 3097.606 += 0,133
5 24967-21971 1519.451 = 0.081 1549.0141 = 0.111 3098.278 = 0.140

6 24972-24975 1549.566 = 0.101 15419.438 = 0.083 3095.817 £ 0.131

7 24976-24978 1552186 £ 0.088 1551.936 = 0.107 3103.934 = 0.139

1 25245-25251 1838.183 &= 0.256 1837.940 = 0.157 3675.901 = 0.300

2 25252-25262 1842177 &= 0.090 1841.279 £ 0.220 A683.653 = 0.303

3 25264-25270 1842.755 = 0.153 1842.489 £ 0.087 3685.113 = 0.230

o al 25271-25295 15343.402 £+ 0.075 1842.893 + 0.110 3686.337 £ 0.139
5 25299-25314 1844. 787 + 0.125 1844137 + 0.107 B3688.819 + 0.226

G 25315-25322 1846.832 = 0.138 1846.487 = 0.108 3693.515 = 0.245

7 25325-25337 1844.130 = 0.091 1843.396 = 0.088 3687.573 == 0.158

Bhabha

ete 2> ete”

Di-gamma
ete 2> yy

2012-10-25

Yavax
1
ZF

EYS

cm

U

2E

beam

1-2

Scan point Ngbs Npbs Lihabha (b 1) I obs Laigamma (mb—1)
1 157TH827 HEO1= A4502.59 74240 425217
T 2 2043538 THATI 5877.14 GG5T0 556G6G.82
3 1413321 H2432 A0R2.350 GT192 ARs0.29
4 3411037 126051 1O0GE. 29 161452 9553, 18
1 35143 1393 51.79 15304 TE.52
2 114205 T191 239.19 5016 219.26
3 137995 21744 26G0.07 5557 243.13
! 109972 17947 200,00 IT1s 200,55
5 116221 15503 225.34 5104 223.53
G 106130 10079 215,17 1950 216.87
T 15060 GG1s 324.23 T218 S417.31
1 269201 Q=78 S30.58 12763 TRT.04
2 284362 10995 SH579.30 13291 523.10
3 285762 12775 B7TR.TH 13432 832,47
4 414201 20008 126654 190097 115434
5 SGhHGA] 276411 173427 26761 1GGO.TT
G 260322 115850 H1T7.458 1 2366 TGT.OT7
T 501530 19215 155959 23624 1470.75

F | TR 251 Xia L.G.



Event Selection

Partial information,

not the full list !

PID p (GeV/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 < Pmaz E/p <0.7 |Atof(p)| <0.2 [(depth >80x p-50 or depth >40)
0.1< E <0.3 and numhits >1
T | Pmin < P < Pmax E/p <0.6 |Atof(m)| <0.2 not 1
0< tof <4.5
K | pmin < P < Pmazx E/p <0.6 |Atof(K)| <0.2 not fu
0< tof <4.5
priy - L _PtBn fnal states at diforent scan pointe.
Eper ~ \Pi| — | P
No good photon: N,=0 scan point Efficiency (%)
Good photon: ee el ppe ph hhoep pp mp

4)

1) 0<TDC<14, (unit: 50ns)
2) | cosB|<0.8, E>25MeV
3) 0.84<| cosB |<0.92, E>50MeV

Byc >20

2 17.1 21.8 32.4 142 15.3 25.6 9.9 5.5 9.1
3 17.6 23.2 349 14.0 16.9 29.3 104 6.1 8.9
4 17.8 23.1 36.2 13.9 17.7 34.5 10.8 5.3 12.8

2012-10-25
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The number of observed events and that of
normalized MC samples are consistent within errors.

] 2 3 4 total
final state
Data MC Data MC Data MC Data MC Data MC

ee 0O 0 4 37 13 122 84 76.1 101 919

e, 0 0 8 92 35 31.3 168 1927 211 233.1

e 0 0 8 86 33 29.6 202\IB4.5 243 2227

ek 0 0 0 9 18 193

we 00 2 563 59 68.4

ur 0 0 4 39 %@ 86.7 104 104.7

1k 0 0 %@ 9.0 10 10.1

a0 0 5 57 540 63 63.8

wk ” 03 0 08 10 82 11 93 TOtaI_

kk @ o 00 1 01 1 03 2 04 CONsistency
ep 0 0 3 61 19 206 1421320 164 1587 s fajrly well!
up 0 0 8 33 18 11.8 52 623 68 785

xp 0 0 5 34 15 108 97 96.0 117 110.2

Total 0 0 44 44.2 153 150.8 974 976.1 1171 1171.1

2012-10-25 o5 i TR 233 Xia L.G. 10



T mass measurement
2-O"''I""I""I""I""IIIIIIIII

— - ~0.15 MeV or 9x10>>,
'8 i ~0.1 MeV or 6x107>.
~— 15

- i

O -

O 1.0} Ni o

5 1p =M €

n : 1= N

g 0.5¢ - -

S i :'B'Gobs(mr’si)_l_GBG:l
O 00 | | l I

[ R
3.60 3.61

cvo by b by by
3.54 3.55 3.56 3.57 3.58 3.59

She came, her face
half hid behind a

pipa still.
M_=1776.?

2012-10-25 51

MeV
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R-value and QCD Physics



Motivations

e R-value measurement;
eHadronic contribution to
— QED running coupling constant o.5(M5)
— Anomalous magnet moment of the muon a ,

* Resonance structures in open charm region;

* Strong coupling constant o, determination;

e Baryon form factor (p, n, A\ ...);

e Charm quark mass m_determination;

e X, Y, Z particles and other possible new resonances
* Physics with D, Charmed baryons, ......



R Measurements at BESI|I

e [
; X|Y, Z study
4.5 - * BES, Phys. Rev. Lett. 88, (2002)101802 '
- @ BES, Phys. Lett. B677, (2009)239
4
: ole’e” — hadrons
3.5 R= ( — — )=3KZQ§
: ole'e > u'u) f
3 - AR/R™6%
25+
] | + l fldl
2 -_| | | |+ +
_ A slight deviation in 2.2—2.5 GeV b(3770), U(4040), W(4160), (4415)
15 [ L s L o . . . L . L L |
2 3 4 5
_ Ecm (GeV)
2012-10-25 5B | ER P21 Xia L.G. 14




o and R,

.5 L { BEPC
'__.:":.E &
I
0 L i i i i |
1 10
i Gey

=

0°

i

PDG10: a,(M,)=0.1184+0.0007

BESII Vs=2.60, 3.07, 3.65GeV

a(M,)=0.117+0-012

5 | E RS Xia L.G. 15
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1.4 1
- Leading Order
1.2 QCD
[ Next}o-Leadlp_g!_gggg_r,_
4 ‘1“ L

***# NLO-0.07

0.8
* BES
a Other e+e-
0.6 |
1 Ecm (GeV)
(ny(n, -1) 11

= (4455-40n, ) /172867



Proton Form Factor: ete 2> p*p-

dor a3

df) ds

; . J- P 3
CllGar(5)|*(1 +cos?8)+ —|Gg(s)|*sin® 4]

Ara?B . 2M?
* P14

G(s)[?
3s s IGE)

GE=F1+TF2 GM=F1+ FZ T =

Only 2 experiments measured |G./Gy,|,

but apparently disagree with each other.
L L L B L B
oo ® BABAR
-'-r:;-n( ? ¢ PS170

m DO 7R B 1
A& DWZ2/0001 883} 2 B ]
v FEMICE{1904) r .

o BES iR
—  fitting PQCD G{a) Y
14 15

QCD predlahl\ﬁ,\I 1 H
Al — | : %.
w (G = (s/A2) ﬁ\ 05 ¢

. . o o b
2012-10-26 5 & 7 8 08 1o T e R HE 2313 Xia L.G. 2 2.25 2.5 2.75 3
S(GeV) g (GeV/c)

Most measurements assume G¢=G,,.

FE—F a'a
o OERN PX 10773
A LEAR(1994)
1 o E7Fea(isesy

[Ce/Cyl
M
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BESIII can improve the
statistics by an order!




BESIII continuum -
data overview

~8.3pb!

2012-10-25
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Works ongoing
1 . Nhad _Nbg
o, .., L-g.4 -@Q+05)

p+

R =

Npag» Ny - Observed hadronic events, backgrounds
L: integrated luminosity

Ehag. detection efficiency for N, _

O:  radiative correction factor

e Luminosity measurement

e J/y line shape fitting

e efe"—ppbar cross section

* e'e™ T cross section



Summary

e BESIII has measured Tau mass with a precision
better than PDG value. Preliminary results is
under internal review. And the future goal is

ess than 0.1 MeV/c? with more data taken.

e R measurement and QCD studies with data
below 3.7 GeV are in progress, and R scan in
the high energy region is expected.

Thank youl!



* BACK UP

2012-10-25

5 | E RS Xia L.G.
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Definition of R

e At lowest order Number of quark colors

o(ete” — hadrons) ., o(e’e” — ¢q@) ‘l'
e -ixe

H = —
olete” — ptu~)  olete” — ptu~)

e At higher order

H = 3 KQETUZQi:

o BEL L S ( ) (F"_S_gr%“f}'.) i

-2

Kocp

R is one of the most fundamental quantities in particle physics that
directly reflect the flavor and color of the quarks.

Directly test of quark model and QCD, and discover new particles.

2012-10-25 T T B ZS Y Xia LG. 21



o 25

- t 7 -

e ¢ Qe
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- 4 Q B waee TUN 25R245-20337

C Q" L @

P JAY scan e > -

4 . 3 ~ - @’ e

- ..., Tun: 24937-24978 NOf

R 'g P R cond S N B

:_® @ I ®

E| * | | | | | | | | | | | | | | | .I ‘I 2 or | | | | | | | | | | | | |
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Nhad/ Nee OCo-res

-t
T

10-1 E

...... TRy, SEECRITE: STRECS HITTRICS (ITPIRIey IRPOtI IORIIE EETIICIE SRCIITIE RECTIIRE RECTIITI ILICIIIE) ERRECt] ETEEEY IITEIEEY SLTECRE: (IITEIEIS ITECt TITIETE

1
25000

poooeed 1 | 1 t
25100 25200

9 R IR HE 231 Xia L.G.
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Pseudomass Method

m? = p?=(p,+p,)




CM energy setting

Eo = (E. + Ee)-cos%

E. =2,/E_E_ -cos%

2
E(?mA ~ EchA ~ 2Ebeam (1_ %J

GA ~F GA ~ V5
Ecm ~Ecm ~ Ecm

a-effect ~6x10~>,
0.11MeV @ t threshold

2
Ec\/mg ~ 2 Ebeam (1 B C;j

EYS = \/2m§ +2E_E_-2,/E2 —m? [E2 —m? -cos(7 - )

) N OSNN SONIOS SUSVSOS SO £ S 3 . S

2012-10-25 9T R EE P4 Xia L.G. 25



Fragmentation Function

Fragmentation function Dhq(z):
probability that hadron h is found in
the debris of a parton (quark/gluon)
carrying a fraction z = 2E, /Vs of
parton’s energy.

At leading order

LO: do(e*e™ > h+X)/dz=3, o(e + e- > qg)(Dhq(z) + Dhg(z))

No good data at Vs < 10 GeV
e DASP: i* at 3.6GeV, average stat. uncertainty 18%
e DASP: k* at 3.6GeV; average stat. uncertainty 55%



Frangmenation Function

ep collision, H1 data

Fix target experiment
HEMES

= =48 Gew?

do/dp, [phGeV]

# B0 darms

w’p == BEPCI| region

-
1 : I T
4.5 =07 = 15 Ge™ S
U THTS FTT
gy L ]
I WHE
[ .
1 . . e
15 %) =70 ey T
=) & i i
B9
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BESIII can provide e*e  data in 2-5 GeV
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R values and QCD

R, o, and charm quark mass

Quark fragmentation functions

Form

factor of baryon (p, A, ...)

MLLA/LPHD predictions
- £ distribution (<§=-In(2p/\/s), parameter A &

KLPF

- Mu

D

tiplicity, 2"¢ binomial moment R,



R & QCD: analyses

1 . Nhad_Nbg
o L-g.q-Q+0)

o+ p—

> R=

Npaa» Ny - Observed hadronic events, backgrounds
L:  integrated luminosity

€hag. detection efficiency for N, _,

O:  radiative correction factor

» J/y line shape fitting
» QCD studies (so far):

e ppbar cross section and form factor
e m*n cross section and form factor
* Fragmentation function



More on Form Factor

Puzzles related to proton timelike FF:

- Proton FF factor 2 higher in Timelike region compared
to Spacelike Region (pQCD precicts them to be equal)

- Neutron FF ~ factor 2 higher than proton FF =
measurement of Neutron FF at BES-IIl very important

- Steps at 2.2 and 2.9 GeV
(see slide 26)

- Threshold enhancement



Motivations

e Hadronic contribution to

— QED running coupling constant o.,¢y(M;)
I ‘ VS o0 I’,'p"‘
‘i{}.:;;;]d(ﬁj — _T}_LJRE/ f.'g,&;f v J

—_— __‘f = a3
12 S§'— 8§ — 1€
T

Jn

— Anomalous magenet moment of the muon a , or (g,—2)
. o0 YN ’
had QMM L K(s) o,
a, = ) ds XE R(s")

:';T"T ']'-T”'-J::Ir
Resonance structure and component in open charm region;

 Strong coupling constant o, determination;
Proton form factor;

Charm quark mass m_determination;

X, Y, Z particles and other possible new resonances
e Physics with D,, Charmed baryons, ......



LE
L.
45
4.0
ak
a0
25
20
1.5
1.0
05
o0

-05 -

- BESII % Phys.Lett.B660,315(2008)

Z Iﬂkllﬂll L
| 1]111{11 __ﬁuﬁi’ﬁﬂrfq’” nqj
L et —R,.
ER R,
:— ;"ﬁ\k ques_RBW'I-Rint __i__ A

Z .IFR'L / , -‘ .LIL\ . ,f ~ | Few
|||||||||||| ':“fl 1 M 1 1 1 1 1 M 1 1 1 1 1 M 1

Resonances in the Open Charm Region

* All possible two-body decays of
1(3770), b(4040), b(4160),
p(4415) are included in the fit.

A7 898 39 40 41 42 43 44 45 48 AT 48 49 50

Ecm(GeaV)

* Interference, phase and energy-
dependent width must be taken
into account in the fit.

S|

DD:;

DD,D*D*,DD*,DD*, D,D,;

DD,D'D* DD* DD* D,D,,D.D::
DD,D*D*,DD*,DD*,D,D,,D,D*.D*D".

We need high statistic data taken at each peak position to
measure the resonance parameters by knowing the cross
section of their exclusive decay channels.

« Non-resonant contribution

« Open charm threshold .

2012-10%25

o+ ER Y 21 Xia LG.
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Parameters of the Broad Resonances

Parameters (M, ', [..) of the J’°¢= 1"~ conventional

charmonia Y(3770), L (4040), »(4160), L(4415)

remain quite uncertain and model dependent:

M, MeV Lot » MeV [, keV 9, deg
y(3770) 3772.92 +0.35 27.3+1.0 0.265+0.018 PDGO09
3772019 30.4+85 0.22+0.05 0 BESO8
w(4040) 4039 + 1 80 + 10 0.86 + 0.07 PDG09
4039.6+4.3 84.5+12.3 0.83+0.20 130 + 46 BES08
v(4160) 4153+ 3 103+ 38 0.83 +0.07 PDGO09
4191.7+6.5 71.8+12.3 0.48 +0.22 293 + 57 BES08
w(4415) 4421 + 4 62 + 20 0.58 + 0.07 PDG09
4415.1+7.9 71.5+19.0 0.35+0.12 234 + 88 BESO8

2012-10-25

1 fE ER PSS Xia L.G.
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Broad Resonances Beyond Open Charm

5 -

4.5 —

al
““

D
g
n
u
»
= L]
= .
L .
1 [
- .
. = V4 Y
- "
- |
- n . *
. v N ® -
a5 |- i g ~ - ’ .
. ] & D
B 0 a
. ‘. . R
L i
Ky, L \J PR
- +* | . »
‘0 " .,
— *
*
o Q .
— N u| Ll ‘-
s
B : a .‘ "
» ¥ . o
B . & . »
. o 03 s
L * S P
Q. “
AR FTT LA

N

R Value
S
o Ny
- =
= =
'/_"ﬁ__ﬁ_‘_'.\_\_d
\
)
e
——
\
]

I 3I.E I I I -;l I I I 412 I I I 414 I I I 4.IE
E.:-m { SeV)

e \What are these broad resonances?

e Mass resgion where some X, Y particles are found.

e Possible new resonance that not yet discoveried?



Events /(180°/30) Events / (180°/10)

Events /(180°/55)

Acoplanarity angle PTEM

1'B T T L T LE L] L5 s o m
16 E
12 20 —MC -

10
8

32-point
jEcm=3553.8MeV

Events /0.11
|

&

: {

2 e

T — 100 120 140 160 180 001 0z 0 55 06 07 06 08 10
Acoplananty Angle(degrees)

25 ¢

nf +4-cata
- —MC

EB-point
Fcm=3561.1MeV

o 100 120 140 160 1 N T T K A 1=.u
Acoplananty Angle(degrees) PTEM

—_
(=]
—._
R —
*
IItIlIII’IlIIIIIII-IIIII

Tlprrrrrrrrrrr 7Ty T T T YT T T T T T T Ty
% +4-data ~
s S
o i

. = -point
20! ..% cm=3600.2MeV
0 - L, o
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Acoplanarity Angle(degrees) PTEM
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Scan point

Run number

E.—(MeV)

E.+ (MeV)

Eep (MeV)

2012-10-25

=1

501530 19215

1559.50

23624

24983-25015 1771.558 = 0.067 1771.069 = 0.053 3542.413 £ 0.085 2
T 2 25016-25091 1777.307 £ 0.047 1776.730 = 0.0416 3553.822 £ 0.075 E A S 2 E 1 a
Ny — —
3 25100-25111 1780.926 £ 0.055 1780.431 = 0.065 3561.112 £ 0.085 cm ~ beam
4 2514.3-252423 15800.526 £ 0.044 17990.878 4+ 0,044 600,186 £ 0.062 8
1 24937-24937 15414.542 = 0.135 1544.312 = 0.217 3088.667 £ 0.256
2 24038-24942 1547.917 &4 0.099 1547.548 &+ 0.106 30905.278 £ 0.145
3 2494:3-24949 1548.692 4 0.103 1548.171 &+ 0.086 3006.676 £ 0.135
.f/-t,-" 41 24959-21966 1549079 += 0.109 1548714 4+ 0.075H 3097606 4+ 0,133
15 24967-21971 1549.451 £ 0.081 15419.011 = 0.1141 3098.278 £ 0.140
6 24972-24975 1549.566 £ 0.101 1549.138 £ 0.083 3008817 £ 0.131
7 24976-24978 1552186 £ 0.088 1551.936 = 0.107 3103.934 £ 0.139
1 25245-252561 1838.183 £ 0.256 1837.940 = 0.157 3675.901 = 0.300
2 25252-2026G2 1842177 == 0.090 1541.279 4+ 0.220 A683.653 £ 0,303
3 25264-25270 1842.755 4= 0.153 1842489 = 0.087 3685.113 = 0.230
o’ 4 25271-25295 1843.402 + 0.075H 1842.893 + 0.110 3636G.337 + 0,189
5 25299-25314 1844. 787 + 0.125 1844.137 + 0.107 JG88.819 + 0.226
G 25315-25322 1846.832 &= 0.138 1846487 = 0.108 3693.515 £ 0.245
7 25325-25337 1844.130 &= 0.091 1843.396 = 0.088 3687.573 = 0.158
Scan point Ngh= N Lihabha (Mb~1) Nobs Laigamma (b~ 1)
1 1575827 58018 4502.89 74240 425217
T 2 2043538 THAaTI1 GBETT.14 OGLTO LOGG. 82
Bhabha 3 1413321 h2432 A0=2,.30 GT192 ARE0.29
4 3411037 126051 1006820 161482 9553.18
1 35143 1393 S51.79 1501 THE.OH2
+ + 2 114205 7191 230,10 5016 219.26
e e e e 3 1379095 21744 260,07 A557T 243.13
T/ 4 109972 L7947 206.00 1718 206.55
e 5 116221 15503 225.34 5104 223.53
D’_ amma G 106130 L0070 215.17 1050 216,87
T 1 5060 GGls S24.25 T218 S17.31
1 260201 ORTS H30.458 12763 TRT.04
+ — 2 284362 10995 SH579.30 13291 523.10
e e 3 285762 12775 ST8.75 13432 232,47
o) 4 414201 20008 126684 19097 1184.:34
5 565651 27641 173427 26761 16GO.TT
G 265322 11889 S17.48 12366 TGT.OT

1470.75

5 TR 251 Xia L.G.
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Motivation of high accurate Tt mass measurement

Elementary parameter in SM (PDG2012)
» M_=0.510998910+0.000000013 (2.6x10"

%)
> Mu= 105.658367 +0.000004 (3.8x1078) |
"  mm .qq.,- PR :\ "~ . (9.0X10_% and gu.: c01.1phng constants;
Lepton universality testing t.and 7, dlife ime of T andu;

B(t 2ev,y,)and B(u2evy):
2 m 5 B decay branching ratio; A :correct
gr _ T p p (T —> € Vevz') 1+ A ) factor (phase factor, radiative
m B ( 1—> e VeVﬂ €/ correction factor of QED, correct

¢ tactor of propagator of W-meson
etc.)

Yoshio Koideo (1981) equality testing

O N e i)
2 Af =1/306m,

2012-10-25 S R EWY 21 Xia L.G. 37
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