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‘ona Do

= BEPC II: Large Crossing Angle, Double-ring

RF RF
Beam energy:
1-2.3 GeV
Compton back-scattering Luminosity:

1%1033 cm—2s1

Optimum energy:
1.89 GeV

Energy spread:
5.16 x10-

No. of bunches:
93

Bunch length:
1.5¢cm

Total current:
0.91A

SR mode:
0.25A@2.5GeV

for high precision beam
energy measurement

BESIII is here

IP
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NIM A614, 345 (2010) BES]]I

The BESIII Detector

Super-conducting
magnet (1.0 Tesla)

Drift Chamber (MDC)
op/p (°/,) = 0.5%(1GeV)
G ge/ax (/o) = 6%

Ly
=

Counter
8- 9 layers RPC
OR®=1.4 cm~1.7 cm

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

EMC: GE/VE(/,) = 2.5% (1 GeV)
(Csl) Gz’d)(cm) =0.5-0.7 cm/VE
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& BESIIlI Data Sets BES]]I

 July 19, 2008: first e*e collision event in BESIII
* Nov. 2008: ~14M y(2S) events for detector calibration
«2009: 106M y(2S) 4XCLEO-c
225M J/\V 4 %< BESII World’s largest sample of
J/w,y(2S) and y(3770)
«2010: ~0.9 fb1y(3770) 3 )
. 2011: ~2.0 fbl y(3770) > X CLEO-C
~0.5 fbl @ 4.01 GeV
«2012: tau mass scan: ~5.0 pb?; y(2S): 0.4B; J/y: 1B;
J /v lineshape, R scan (2.23, 2.4, 2.8, 3.4 GeV)
«2013: ~3.3fbl@ 4.26, 4.36 GeV, ..., for XYZ studies;
«2014: ~0.8 fb' R scan 3.8-4.6 GeV, more for XYZ.

Future plans: R scan & QCD study in 2-3 GeV, D, physics (E_,,= 4170 MeV),
t scan, 10 fbt or more y (3770) for DD physics, ...... 6



The BESIII Collaboration

http://bes3.ihep.ac.cn
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BESII

Features of the BEPC Energy Region

= Rich of resonances, charmonium and charmed mesons
= Threshold characteristics (pairs of t, D, D, charmed baryons...)

=  Transition between smooth and resonances, perturbative and non-
perturbative QCD

= Energy location of the gluonic matter and glueball, exotic states and hybrid

% © @ BESS9S PRL 34({2000)594 .
= @& BESS99 PRLE83(2002)101802 B
. . CrystalB e
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e |BEST

lowest
order

- - :ZQﬁ
e At lowest order flavor

color

Definition of R:

u
o(eTe” — hadrons) B Eqﬂ'(EJrE_ — qq) B EZQE
olete” — utp) - olete” — utp) _T - T
* At higher order
R = EKQGUZQE :
g

cve (u° 3 ac(u)\ "
Kgecp = 1+ s() +ZC’:1 (—) ( (e ])
T s

2
=2 H

R

Number of quark colors

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

* Directly test quark model & QCD, and discover new particles.
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&) BESI
R: from threshold to Z
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R
- BESII

Motivations

e Hadronic contribution to
— QED running coupling constant oy (M)

oo p'!.jf‘
A{}hﬂff( J — _”—HRE/ ds’ Hs)
1

'r.-;."l. !

{2 s' — 8§ — 1€
‘ ?H-n_

— Anomalous magenet moment of the muon a , or (g,—2)
. o0 T ’
am,, . K{(s o
a,"" = (=) / 1523 Ry
3T s <
1

P
dm=

e Resonance structure and component in open charm region;
 Strong coupling constant o, determination;
e Baryon form factors;

Charm quark mass m_determination;

X, Y, Z particles and other possible new resonances;
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== BESII R Measurement: A big Improvement BES]]I

oo, h b = Y= p.o.0 Py Y’s
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- Burkhardt, Pietrzyk '95 i i Burkhardt, Pietrzvk 2011 1
B |- - 1 -
[ ] I After BESII R Scan ]
: : : = CMID-2 2004 T
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L - - - SND 2005 .
- - - o BABAR E
B i i + KLOE 2008 il
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Ak - - § } -
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* AR/R~15-20% below 5 GeV * AR/R~6% between 2 and 5 GeV
* Unclear & complex structure in 3.7-5GeV * Much clean structures in 3.7-5 GeV
e Values from Mark I much higher than others  Mark | results is removed from PDG
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Relative Contributions to the BESII

Uncertainties of a, and Ao(M?)

Before BESII R scan

=)

e,
L
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Y Impact of BESII R to muon (8,—2) BESIT
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BESII

Aa(M;?) and a : Current Status

Burkhardt, Pietrzyk 2011 | Biyeeesa

INO9 (e'e)
—-298=x65 —e—
TABLE I Contributions to Mgd(mi). Davier e! al. 06/1 {+-based) —a—i
| E)Sa%vzi?rﬁfit al, 09/1 (e'e")

Range /s, GeV Aa Relative error E’;g-g%u%‘ a1 0012 (6™ w/ BABAR)
plrm) 0.00349 0.5% | HUMNT 10 (e'e”w/ BABAR)
Narrow resonances 0.00184 3.1% DHMZ 10 (x newest)

-195+54 F—A—
10520 0.00156 15% DHMZ 10 (¢'e” newes) 3.6
20-5.) 0.00371 5.0% BNL_E 00 ;
T T001%3 a7 BhL 821 (world average) *
1-12 00304 T T R e R S R
>12 001203 02 a, - oo X107

UO2750 J 2% a, = (11659 208.9 +6.3) x 10 1% (E821)

] / aﬂs'\" = (11 659 180.2+4.9) x10-1°
Still the 2"9 largest one. .
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© BESI

~ Brief Review on BES R Measurements

* Pre-study, using BESI tau mass data, 12 points
around 3.55 GeV, ~8.5%, HEP&NP24, 609 (2000);

* Test run, 6 continuum pointsin 2.6 ~ 5.0 GeV,
PRL84, 594 (2000);

e Full scan, 85 pointsin 2 ~ 4.8 GeV, PRL88, 101802
(2002);

* Raround y(3770), 2 points off-resonance, 1 on-
resonance, PLB641, 145 (2006);

* Improvements at 3 continuum points, PLB677,
239 (2009).

Apr.8, 2014, Mainz G.S. Huang: BES R 16



© R Scan at BESI BESII

* 6+ 85 energy points, total ~5 pb™ data,
uncertainties 5~10% (average 6.6%).

b

% ® BESY8, PRL 84(2000)594
; ® BES99, PRL88(2002)101802 o
[ O Gamma2
- (1 Markl
I Zs  pluto
4
| t% “@%} %
| ﬁwﬁw%% Rk
N
Threshold
0 R P P N
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Last Attempt at BESII

BESII

2

E ¢ BES, Phys. Rev. Lett. 84, (2000)594
:— * BES, Phys. Rev. Lett. 88, (2002)101802
E ® BES, Phys. Lett. B677, (2009)239 |

|
1 2.6, 3.07, 3.65 GeV, ~10 pb? |||' |l hﬂ% l
_| data, uncertainties ~3.5%. l | HWI' T
P TR
: . |||
TRy '|':l'+| '
| T
SRR AR AT "Mﬂ'
2 I I s
Ecm (GeV)
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| Charm -
- ¢ BES, Phys. Rev. Lett. 84, (2000)594
- 2}-6.6% baryons
4.5 - BES, Phys. Rev. Lett. 88, (2002)10180
- ® BES, Phys. Lett. B677, (2009)239 3 59 A \
4
3.5 e
3 [ Y(2175)?
: ® L ER:
2.5 ¢ I A l 1141
L TR T
2 _—l |
; v 1 1 1 1 1 L l. 1
1575 3 T 4
Ecm (GeV) |
* Phase |: pre-study, to extend?

Machine study at 2.0, 2.5 and 4.2(4.6) GeV, MC tuning, ...

* Phase Il: scan continuum region,

15 points in 2.0-3.6 GeV, step 100 MeV, 100k+ hadrons<3 GeV.

*Phase Ill: scan resonance region,

~100 points in 3.8—4.6 GeV, 100k events, step 2, 5,10, 20 MeV.
(108 hadrons at 4040, 4160, 4415 for radiative decay search?)

Apr.8, 2014, Mainz G.S. Huang: BESR
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BESIT

Measurement of R Values

R — 1 Nhad _Nbg Our goa|:

o L-g.4-Q+0)| 3% precision

p+

D

|&

N,.q4: Observed hadronic events

Np,g:

L:  integrated luminosity

background events

€haq: detection efficiency for N, 4

ok radiative correction factor

G, can be precisely calculated(QED). Measurement of R
is to measure the total o(ete'—>hadrons)

Except for controlling each item to the precision requested,
stable long term machine and detector performance is crucial.
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First R-QCD Run at BESIII BESII

BESIII collected data at 2.23, 2.4, 2.8 and 3.4
GeV during June 8-16, 2012;

Total integrated luminosity ~12 pb;

Useful information for machine at low energy;
The data being used for MC generator tuning;
Necessary to establish analysis chain;

Baryon form factors, fragmentation function
study underway.
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Resonance Structure in High Energy Region
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* What are these broad resonances?

* Mass resgion where some X, Y, Z particles are found.

* Possible new resonance that not yet discovered?



SII

RScanin 3.8-4.6 GeV

 Data taken 2013.12.9 - 2014.1.24;

* 104 energy points in total

’

* >100k hadronic events each points.
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Aim to Understand Resonance Structures

ol BESI| * All possible two-body decays of
o Phys.Lett.B660,315(2008)
4k b(3770), ¥(4040), (4160),

1 (4415) are included in the fit.

ag [
aof 4
25 [
[ 20F

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

15[
ol |
o5 [
0.0 |
05k

3758 59 40 41 42 43 a4 45 a8 a7 28 48 50 |V(3770) = DD;
Sem(GeY) (4040) = DD,D*D*,DD*, DD*, DD,
¥(4160) = DD,D'D'.DD' DD*, D,D,,D.D::
¥(4415) = DD,D*D*,DD*,DD*,D,D,,D.D*, DD

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
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Parameters of the Broad Resonances

Parameters (M, I, [..) of the JP¢=1"~conventional

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

remain quite uncertain and model dependent:

M, MeV [t » MeV [, keV J, deg
y(3770) 3772.92 +£0.35 27.3+*1.0 0.265 +=0.018 PDG09
3772.0%1.9 30.4 +8.5 0.22 +0.05 0 BESO8
w(4040) 4039 +1 80 +10 0.86 +0.07 PDGO09
4039.6 +4.3 84.5+12.3 0.83 +0.20 130 *+46 BESO8
w(4160) 4153 +3 103 +8 0.83 +0.07 PDGO09
4191.7 +6.5 71.8 +12.3 0.48 +0.22 293 =57 BESO8
y(4415) 4421 +4 62 =20 0.58 +0.07 PDG09
44151 +7.9 71.5+19.0 0.35 +0.12 234 +88 BESO8

Apr.8, 2014, Mainz

G.S. Huang: BESR

26



2 - 3 GeV: R and Beyond SOOI

Plan being discussed: ~15 points, 1 run-year;
Precision of R measurement expected: ~3%;

Nucleon form factors: 9-15% accuracy. For
proton |G./G,,|, top BaBar results;

Suspicious structures in the pp invariant mass;
Hyperon form factor studies;

Studies of threshold effects (A, 2, =);
Determination of a, and charm quark mass;
Quark fragmentation functions;

Apr.8, 2014, Mainz G.S. Huang: BESR 27
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BESII

Form Factor: pp

df)

Most measurements assume G.=G,,.

E.-' .
a3 , N R
= 1 {-H{T_nﬁrl:SHE':ﬂ].—|—C'D525|}—|——|£TE|:~SE:'|“51H“I9]
1s T
G.=F,+ TF, G,=F,+F,
ira®f . 2M?
00 = —5——(1+=—)|G(s)[

Only 2 experiments measured |G. /G|,
but apparently disagree with each other.

& FI‘F—!G-';‘L:::‘:::::T?} _."E I L S B E B B S B B S B
.k a ersociee Q) @ BABAR
e U o « PS170
m D ,/Do 1 87
g : = ]
o BES iR
* —  fitting PQCD G{a) 15 LY
w“_— + ) ?
i 1
QCD predict \@N H _
|{f_ﬂqj|_ ﬁ\l o5l % BESIII can improve the -
_a = o2 2 2 L |
" 111 (s/A%) 3 statistics by an order!
ﬁ | . L 0 I R R RS R
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BESI

Structures in pp

* Finer scan around 2.15 GeV:Y(2175)? Where
there is also a drop in the pp invariant mass;

 And another drop at 2.9 GeV;
* To explore even lower energy 1.8—2 GeV.

1000 T ——— ! | : \l

= | | | |
[ B B L i
= i BABAR 06 80 ® BABAR - | ' ??IBSR |
s - & BES -
= 800 = j 0 FEN]CE 1
D 1 1 06F .
17 5] 4
w L i =
v
S 600 | - :
~ I =
[ 15 04t (t+ +
400 | 18 i
I 18 —#—_4._
1&
1o02F

200

0 OI [ I B B A
35 4 4. 1.875 1.9 19 5 1.95 197%

2.5 2.75 2 3
M, (GeV/cT) M, (GeVic) M,, (GeV/e)
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S} BESII

Summary

* BEPCII/BESIII has been in excellent status. Largest samples:
0.5B y(2S), 1.2B J/wy, 2.9 fb-1\y(3770), 3.3 fb! for XYZ studies
and more is taking;

e BESIlI reduced R uncertainties in 2-5 GeV to ~6% (improvement
by a factor of 2~3);

* Precision R measurement still helps in aq,(M;) and a,
evaluation, and a ~3% precision is expected at BESII|;

e BESIII collected data at 4 points in the low energy region;
A 104-point scan between 3.8 GeV to 4.6 GeV just finished;

* High statistics data in 2 — 3 GeV will significantly improve
measurements like proton form factor, event shapes, etc.

Apr.8, 2014, Mainz G.S. Huang: BES R 30



Invitation to Super 7-c Factory Workshop

e When:Jan.14-16, 2015
 Where: Hefei, China

* What we are proposing:

— A STCF with 1x10%> cm2stat 4 GeV,
* E,.=2-7 GeV, polarized beam;

— Plus a synchrotron radiation facility;
— Potential for free electron laser study.

= High Intensity Electron Positron
Accelerator/Advanced Facility (HIEPAF).

Apr.8, 2014, Mainz G.S. Huang: BESR
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Invitation to PhiPsi2015 Workshop

* When: Sep.16-19 or 23-26, 20157 To be fixed.
* Where: Hefei, China

e 10t in a series, to discuss physics at low
energy e*e colliders.

* Previous ones: Karlsruhe (1996), Novosibirsk
(1999), SLAC (2001), Pisa (2003), Novosibirsk
(2006), Frascati (2008), Beijing (2009),
Novosibirsk (2011), Rome (2013).



