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Briefing on BEPCII/BESIII

Machine runs well, It is normal to take ~3 M
v (2S)/day recently.
BESIII work well in general, most performance reach

the designed values (better than low values in design).



Physics Data Taking Plan in 2009
» March —April, one month for y(2S), expected
hadronic events, 30 -50 M (CLEOc~30 M) -
90-100 M.

> April — June, or 2"d half of the year, ~ two months
for J/ v, 150-200 M events - > 250 M.

» Second half of 2009, another one-two months at

y(2S), and scan y(3770), mainly to study

v (3770) »>non DDbar decays .



Charm productions per year at BEPCI |

Average Lum: £ = 0.5XPeak Lum.; One year datataking: T = 10’s

Gerp(W) = ]OdW’a,.,c,(W") G(W', W)

Nevent/Y€aAr = Gy XLx T

Resonance Mass(GeV) Peak Lum. Physics Cross | #Nevents/year
CMS (1033cm-2s1) Section (nb)
J/vy 3.097 0.6 3400 10 x 10°
T 3.670 1.0 2.4 12 x 1096
y(25) 3.686 1.0 640 3.2 x 10°




BESIIII detector: all new !

BES-III

Magnet:
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Csl calorimeter
Pr
Time-of-flight + dE/dx PID

ecision tracking

)\/IDC small cell & Gas:
He/C3H8 (60/40)
—130 pm
= 0.5% @1GeV
d%/dx 6%

5100
(2373)

— OF:
o; = 100 ps Barrel
110 ps Endcap

Muon ID: 9 layers RPC

EMC: Csl crystal
AE/E =25% @1 GeV
6z = 0.6 cm/\E

Data Acquisition:
Event rate = 4 kHz
Total data volume ~ 50 MB/s

8 layers for endcap

The detector is hermetic for neutral and charged particle
with excellent resolution, PID, and large coverage. 6



BESIII collaboration Totally 38 institutions now
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Run number: 8§10; Type: MDC; Time: EI}'.'IEI- <004 063531
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Typical online detector histograms

There are small number of
dead channel in MDC.

No dead channel in EMC,

g s | A ;’r*”r? a few with one photo
w.w - diode reading.
EMC Barrel
I\/IDGmI Rurnrnumil 5:!'1:] IT1EI1i?mllf;m.ifﬁﬁ':ﬂ;ndifiﬂ1 S ——
There is one dead phototube In 2 e
the barrel (outer layer) TOF g S

Some muon readout electronics
problem in the endcap.

Try to fix in the summer.
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Performance from collision data : meet design
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Resolutions of barrel and endcap EMC
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Physics analysis tools
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Official particle identification 7
Partial wave analysis

Particle lists: pion_list, Kaon_list,
(FDC: feyman diagram calculations) 5

Mean of Ks Mass (GeV)

Ks list, p10_list ...

Kinematic fit

Vertex finding tools

Dalitz plot analysis Sos0 Sa00 S0 o0 6050 6100
Official D tagging algorithm (charm physics Run No.
Ks reconstruction

ZzZ: v2 < 20 #

250~ L/cL >1
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Main physics topics at BES-I11
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Main topics at BES-I11

» Light hadron spectroscopy:
meson, baryon, hybrid, glueball and other exotics in J/y and
y(2S) decays.
» Charmonium states: n(1S), n.(2S), Iy, w(2S), x. h.
y(3770), new ccbar states above 4.0 GeV

> Energy scan: R values, new resonances ...
» Tau physics: precision tau mass
» Charm physics: D, Ds mesons
Leptonic Charm Decays D—l+v
Semileptonic decay rates & form-factors
Charm Dalitz Decays, ......
Charm Mixing. CP Violation and Rare charm decays ...

» Rare charmonium decays:
LFY, invisible decays, ......
many more unexpected innovations 13



Light hadron spectroscopy

With 10'° J/y events with the state of art detector, we expect

to learn more on:
« Baryon spectroscopy

* Glueballs
« Non-gabar states
12 .- 19
0" m— Y. Chen et al.
o — PRD73:014516,2006
10 ~ — | 4 (updates Morningstar &
A" — 3.__‘ — Peardon, "99)
8
O 3 s
f "‘—I ﬁ
G -3 P T —— K
{2
4| O mm— 0*:1710 £ 50 £ 80
2 1
Also:
0 0 1611 + 30 + 160 Michael '98
=+ =+ + - 1550+ 50+ 7 Balietal. ‘93

Spectrum from quenched LQCD
Spectrum of glueballs from LQCD 14




States with Exotic quantum number

Hybrid mesons and glueballs are always mixing with
normal mesons with the same quantum numbers.
It is hard to us to separate them from normal mesons.

Quantum numbers

of fermion-antifermion Exotic
1= gquantum numbers
28+l | JPC Meson
nn (S-wave) _ a, JJFe
= 0 T 0+
nn (p-wave) T,
*S1 mn (d-wave) a P 0
- 2 *
1Py 1+ b, o+
3p, mp (p-wave)ott m, a, Q-+
3p, nf, (s-wave) 1+ m, a,

3P2 Ttbl (S'Wave)2++ TCl a2
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O** resonances at BESII|
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Example
X(1835) at BESIII via J/y > yn'n'n ,n'>nr'n

58M J/y data phys Rev.Lett.95:262001,2005

at BESIII at BESII

3x10° J/psi events (50 times of BESIT) 2 years'

data taking
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Charmonium physics in y(2S) decays

» Understand charmonium spectroscopy and
charmonium decay dynamics
— Hadronic transition (54%o)
— Radiative transition (28%0o)
— Study of spin-singlets (h., n. M.’)
— Hadronic decays (15%0)
— Leptonic decay (2%0)
— Radiative decays (2%0)

3x10%y(2S) events /year
at BES-111

» Search for rare decays and new phenomena

18



Charmonium states below open charm

What can we do with 3 billion y(2S)?
¥(2S) > -y (31%)

really “pure” J/y sample Xc.012 SAMple
a complementary of 1977 useful to understand
Jhy peak datal the decay dynamics of ccbar
(MeV) y(3770) Charn and light hadrons
................. s - Zhao, hep-ph/0508086
3790, | 19‘7;41; 5, Q p-p
. S 2004, x, 1975
ne' in y(2S) >y KgKn ‘ h, S
¥(2S) >y wrnc fete o o Sy U
M. Voloshin hep-ph/0206240 |/ 7 Xy ';PiT
B(nc(2S) > mtn—nc ) =5-10% |/ “pn” puzzle
" Kuang et al.

3300

J. Rosner PRD 64 (094002) 2001
Detail study of hcat BESHI /7

P. Wang et al PRD70(114014)2004
Non-DD decay of y(3770):

31001980 /A Lt7 N N.Achasov hep-ph/0505146
nc(1S) sample from y(2S) (Iy) 2 ync(1S) 174 The productions of D°D° D*D-
used to study the light spectrum M. Voloshin hep-ph/0402171
2900—¢ *°
oot = 01,2 3P 19



Alabofne (07°) and xco1.

Nc IS not well measured :
65 million n. sample from 10%° J/psi decay at BES-II|
Mass/width spread in wide range

WEIGHTED AVERAGE
WEIGHTED AVERAGE 26.5+3.5 (Error scaled by 2.1)
2979.8+1.2 (Error scaled by 1.6)

2

, X
Xh - WU 06 BELL 6.3
- Wu 06 BELL 0.5
- ABE 07  BELL 1.6 ASNER 04 CLEO 041
Wwu 06  BELL 6.0 - AUBERT 04D BABR 1041
: S WU 06 BELL 0.6 - AMBROGIANI 03 E835 0.6
---- ASNER 04 CLEO 10 BAI 03 BES 1.3
-+ - AUBERT 04D BABR 35 FANG 03 BELL 01
-+ - AMBROGIANI 03  E835 34 BAI 00F BES 2.9
------ BAI 03 BES 22 ARMSTRONG 95F E760 0.1
-+ - - - FANG 03 BELL 0.0 - BAGLIN 87B SPEC 6.7
<\ BAIl 00F BES 1.9 R BALTRUSAIT... 86 MRK3 0.5

-------- BAI 90B MRK3 3.7 GAISER 86 CBAL _11.
- GAISER 86 CBAL _ 08 402

247 (Confidence Level 0.001)
(Confidence Level = 0.006) | | | | |
‘ | -20 0 20 40 60 80 100

2950 29060 2970 2980 2990 3000 3010

nc(15) WIDTH
1-(1S) mass (MeV)
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Nnc IS not well measured

« Only a few final states
observed

Decays involving hadronic resonances

7' (958) (41 £1.7 )%
pp (20 £07 )%
K*(892)°K—nt + c.c. (20 0.7 )%
(892)!(*(892) (9.2 +£3.4 )x1073
KK gt (15 20" )%
dKTK— ( 29 - <103
PP 56% 10—2
p2ArT ) < % 103
a0(980) 7 »& %
a5(1320) ‘bﬁ %
K*(892)K + c.c. Q)C) 1.28 %
£,(1270) 7 &6 <11 %
Ww Q < 31 % 10—3
w o Q\Q < 17 % 10—3
f(1270)(1270) A (10 T03 )%
‘bﬂQA,rs into stable hadrons
KK @ (7.0 £1.2 )%
N QJ%% (49 £1.8 )%
ato, \) (15 £0.6 )%
KTK=2(. =) (10 +4 )x1073
2(KTK™) (15 +0.7 ) x 1073
2(nTw) ( 1.20£0.30) %
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Radiative decays
vy (27 +£09 )x10~%
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KK KK
ppbar
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Hints for New Spectroscopy-Challenge QCD

:X(3872)

Particle Zoo from
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* Probe gluon enhanced hidden ccbar states

Opportunity at BESIII
to look for new states
near the open charm

region.
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Scan will be crucial at BES-lll: Ey,= 3773-4600 MeV

Opportunity at BESIII to look for new states above the open
charm region.

2540306-001
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Rare and forbidden quarkonium decays

No any evidence beyond SM is found on the accelerators.
No any indication beyond SM in Quarkonium decays.

Rare and forbidden Charmonium decays :

(1) Lepton Flavor/baryon number violating decays;
(2) Invisible decays .

24



Search for LFV IN J/\u% Ut

J/w )

\,Z//\\

LFV decays are forbidden in SM but can be easily generated In many
theories where LF is not conserved (consequence of non-zero
neutrino mass and mixing)

» GUT inspired models with leptoquarks, SUSY with sleptons,
technicolor model with special role for t quark (TC2):
Hou, Feng, and Yue, PRD 67, 114001 (2003):
Model dependent:  B(Jhy—ut)<10-8-10-°and B(Jhy—pe)<10-14-10-5
Model independent: B(J/y—ut)<10-" and B(Jhy—pe)<10-

» LFV decays can be induced by low scale guantum gravity effects

or other new physics at TeV scale or by extra dimensions:
Silagadze, hep-ph/9907328

B(Y—ur)=2x10” and B(JAy—pt)=10"
Even more optimistic estimates: Datta et al., PRD 60, 014011, 1999
B(Y—10)<10* and B(JAy—1()<6x107

083, 0150655 Nussinou .0 Peceiand <1 21ars SRS




Lepton flavor violating processes in J/y decays

Lepton flavor violating (LFV) processes are strongly suppressed in the
Standard Model by power of (small) neutrino masses. Such decays signal
new physics. PRD63, 016003, S. Nussinov, R.D. Peccei and X.M. Zhang

18
Ly > ur,t >evy,

BESII upper limit

BR(JAy > ep) < 1.1x10-8
BR(JAy > er) < 8.3x10-6
BR(Jy 2 ur) < 2.0x1076

with 58M J/ y sample

—
wn
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Entries/20MeV/C
o
T T I Ll T

o .:'hﬂ”.nn. o
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(a)
.l|'|7.n I
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Entries/20MeV/C

JIy —>er,t—>uv v,

-

lutin]

BESII
PLB561, 49 (2003)
PLB598, 172(2004)

momentum (GeV/c)

1 1.2 1.4 1.6 1.8

0.5 1 1.5
momentum (GeV/c)

u momentum distribution

Jy 2 ey, et, tu, the sensitivity can be 10-3 - 10-°

at BES-Ill with 10° J/\y events per year
Jhy = e~ proton +c.c, Jy = u~ proton +c.c

can also be searched for.
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Invisible quarkonium decays

With in SM, the invisible quarkonium decays are predicted by:
hep-ph/9806487, L.N Chang, O.Lebedlev and J. N. Ng

LY —vp) 27G2 My 4., 2
- _]‘ oS 97
= L1107 With 2-3% uncertainty!

T(J/W 7 27TG* M7 8
/¥ — vp)) = I/ (1 — —sin Gy )? .
[(J/W¥ — ete) 25622 3
=454 % 107",

One get:

Br(Y(1S) >w) = 1.0x10°5 Theoretical clean process
| can be used to test model

Br(J/y 2 vv) =2.69 x10-° and probe new physics!

New physics may enhance the production rate of the invisible
decays of quarkonia. For example, MeV dark matter candidates.

hep-ph/0506151 Bob McElrath 27



Invisible decays of mesons
> Search for n/n’ Invisible Decays in JW2M/M’ 58 million Iy

BR (77 — invisible)
BR(r7 — 77)
BR(n'— invisible)
BR(7'— y7)

<1.65x10~° @90%C.L.

<6.69x107* @ 90%C.L.

|
BES, Phys.Rev.Lett.97:202002,2006

» Search for J/y Invisible Decays Dy USING y(2S)>xtr- Jhyinvisivie )
14 million y(2S)
B(J /v — invisible)

~——2 <1.0x10° @90%C.L.
BU/y > pu )

BES, Phys. Rev. Lett. 100: (2008)

Iy

The sensitivity at BESII will be 10-° -10-"for JAy, %c , Nc M, n°=2 Invisible
78




y(3770) Scan
and
v(3770) non-DDbar decay
From BESII study, there are significant
non-DDbar In (3770) decays
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R & BF (y(3770) > DD)

Phys. Lett. B 641,
145(2006)

R values measured at three energy points

5 _ g
A Gammaz § R;U < i
4.5 - : (T o
o PLUT: ‘ El
4 [ @ BEs (PRL24(2000)594) ) (I
D O BES-ll (PRL 88(2002)1018021- 1; 1
— 3.5 | X BES-II lltf'ud.-:-. work) =
o' 3 3

3.25

Ecn [GeVY]

o3,

o"(z*~ - hadrons )

R

3.650

18.98+0.22

14.6210.16

2.25+0.02

3.665

18.30+ 0.27

14.15+0.21

2.2010.03

3.773

27.6810.27

23.1410.22

3.7510.04

Born

r
Io-y/(377(b

=9.28+0.25+080 nb

Opee,, = 0.764+0.014

With BES previously measured cross
- sections for DD production.

3 . 3.5 3.75
Et'?'[l [(;f‘-‘\?]
prd Born obs
BF (W(377O) - D D) = pdeD = Blgl!?\ I:’DBorn
w(3770) O-x//(377@ gBES—II O.y/(3770)

BF (y(3770) - D°D°) = (50.5+1.3+3.9)%
BF (w(3770) > D*D™)=(36.1+1.1+3.5)%
BF (w(3770) > DD) = (86.6+1.7+5.9)%

|BF (w(3770) - non— DD) = (13.4 1.7 £5.9)%|

A
i / e

il
= e
[
kadrons

Assuming that there are interference
between the two amplitudes

Considering the possible interference
hetween the two amplitudes ...

BF (w(3770 ) > D°D ") = (53.0 + 1.3 + 4.1)%
BF (w(3770 ) > D*D")=(37.9+ 1.2+ 3.6)%
BF (¢ (3770 ) > DD)=(90.8+ 1.8+ 6.2)%
BF (y(3770) > non — DD)=(9.2+1.8+6.2)%




BI: (l//(3770) — D[_)) Phys.Rev.Lett.97:

Y Lo _ 121801(2006)
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flleLﬂ‘f.tﬂ—i;}E la‘-:: b::::;; Uitr:hi(-t[i g:]wﬁhﬁ::uihf l:l‘fujﬂz - ]_"tot =331+58+2 keVV
ﬂ.}dfi';.l_m_ ewiut pl&.:d.f__'timl.. {.b] i{x\iJif};lmW ﬂ:.:e D‘-‘dﬂ” .d_ud. | 10 8 Z;(ZS) =
are the data. \i'h.ile thue huu:- h-:.m the f'l‘tb {5 ‘é].e d-:ta.. i E | FW(ZS) =2.33+£0.04+0.11 keV
BF (w(3770) > D°D°) = (46.7 £ 4.7+ 2.3)%| E ] >LL'3

BF (w(3770) — D*D") = (36.9+ 3.7+ 2.8)%)| .~ |

, %E Mainly due to
— B 1 vacuum
BF (v (3770) > DD)=(83.617.31£4.2)%0 : 1 polarization

2 L

. . | corrections
& | 3.66 3.68 3.7 3.72 o

BF (w(3770) - non— DD)=(16.4+7.3% 4_2)%| I Eewm [GeV] | First observed this effects!




Because the limited data sample, the results are not

very conclusive so far,

It is planned to do y(3770) scan in the second half of
this year using BESI I, when the accurate beam
energy measurement system will be installed, to better

measure the BF of y(3770) ->non-DDbar.
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Charm physics at BES-I11
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800 -
600 -
400
200 1

DD Pairs at different Experiments

128 M is expected at BES-III with 4 years’ luminosity.
5 M is expected at CLEO-c until 2008.

/00M

BESII

\—

CLEO-c BESHIII

7

w(B%) peak
Background free

BaBar Belle

A\ J
Y
Y (4S) Peak
Higher statistics
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Impact of Charm Physics

 Precision CKM

— Leptonic Charm Decays D—/¢*v
— Semileptonic decay rates & form-factors

— Hadronic Charm Decays - B>Charm is dominant

» Possible New Physics in Charm Sector

— Rare Charm Decays

(Heavily GIM suppressed: BF(c—ull)~107%)
— Charm Mixing.
— CP Violation
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fy, and challenge of QCD

170 180 190 200 210 220 230 (MeV)

o1 IV exml”
4

CLEO-c Prellmlnar : 818 JJb 1
CLEO-¢ | 206.7 £8.
D i
b/
LQCD |_4_? 0% -y
T(D+ g ) (f ptm lpj‘, ‘2 1 'm..f BES-I <‘__12-50@
i : m% ; | L

Recently, the HPQUD+UKQCD collaboration claims
better than 2% precision for their unquenched calcula-

tions [11]  PRL 100, 062002(2008) BES-III can reach 2% with

(fo+)oep = (208 +£4)MeV, 20 fo-! data @ psi(3770).
(fprloep = (2414 3)MeV, (7)
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Precise determination of fy.—challenge LQCD

See Hewett [hep-ph/9505246] &

200 220 240 260 280 300 320 340 360 (MeV)

Hou, PRD 48, 2342 (1993). T

CLEO-c uv l

N |

CLEQ-¢ v (t'—=n'V))

CLEO-¢c combination

CLEO-c, Belle and BaBar: Belle wy

The average of T and pv, values is
- BaBar by,

(fpt)eap = (276 £ 9) MeV.

world average

HPQCD+UKQCD PRL 100, 062002(2008) ocp spaco-ukacn)
(fp+)ocp = (241 +3)MeV.

BES-II

4.0 sigma discrepancy between LQCD
and experimental determination in the SM.

) H

CLEO-¢ tv (r'—e’v V.

264+ 1527

C
||
||
|
|
|
|
|
|

e

| 310+25+8
273+ 16+ 8
274+ 10+ 5

275+ 16+ 12

fp, (MeV)

H 283+ 177+ 14

3.2%
1.2%

11% 276+ 3
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Probing new physics in leptonic decays

In the Standard model: [y et me TP
- + + 217 12 a = "o m2 Me+ Mg
fR _ BR{DS _xr{,[ j_.-"}l . fl_D;I_ -{’C‘S ?TED;‘ « : H=* o .52
Y BR(DT — ptv) [ fpr | [Ved| mpe = 1—-;rp§,-.+f?2( ¥ )] |
s m, + 1y,
1 — mﬂ / mzﬂJr ot | R,R)m_=0.05 | ]
1 —m?/m7,, 8 Tp+ : 16F : :
D “1555_ H.B.Li ,J.H.Zou arXiv:0804.18272
CLEO-c determination: 151
fDJr 145
rp+/p+ = 7 =123+ 0.10, g L o o o e v
® f.D'l' ll.lhszat;unzdﬁ1

135}
HPQCD+UKQCD: PRL 100, 062002(2008)

fo+/fo+ = 1164 £ 0.011, T

- Predicted'ﬁ'u"fn-zl-j_[‘jm
1.5

At BES-III, R, : 2.0% with 20fb™

data at 4170 MeV 1’0_"'6.55'"'u|.1"'n'.|1§"'u.lz'"h.,l“:s'"'qf.la'"'u.és'"'g.d
R — tangs

Mg+ 38




BES accuracy

Precise test of CKM in D decays o For leptonic D decays
L I .,.ron o(|Veal)/(IVeal) = 2.3%
0.0005 E—i 3 %—j HHVCEHHVCA = L7%
- ‘E E ':T(| I!"f-|:ﬂ'|f'f|‘.""‘F-c“E“ 1.3%
"EE " \Ny =/ E | Veal /| Ves| ,
000005 :—6; < —:'
s = 5 3 e For semileptonic D decays
-0.001 ;— Am, —;1 (Ds — K and Ds — ¢):
-0.0015 E_ __sin2p m Am,&AmE g“\,{: d” / “Vcd” = 2.4%
W 'o.slssl == .oslss' == _; : '1.olo1. e l1.nlozl T r_’r(|V_,:5|}Jf|VC5| = 1.3%
" N
Observable | CKM QCD Lattice Exp meas Exp el
BJ"(D —fﬂ) Vcﬂr fD 2% fD|Vcd| 1.1°
Br(D, — fv) Ve fDe 1.5% fos| Vs 0.79
Br(Ds—{1) Vis fDs / Ves fps
o i | = | o | || || os

dr(D° — 77) | |Vea| || Fo—=(0) | 4% Ved|Fo—=(0) || 0.6°
dri(D® — K7) | |Vl || Fok(0) | 3% Ves|Fp_k(0) || 0.5
dr'(Ds — K) | |Vl || Fo—k(0) | 2% | |Vea|Fp—k(0) | \1.2°
drf(Ds — &) | |Ves| || Fo—s(0) | 1% Vs |Fp.—s(0) 8¢




Mixing rate R,, from (3770)-D°D°—(Kn*)(Kn*)

_ X4yt N[K* ) (K 7")]
"2 NIKT)(K )]

Sensitivity from 20 fb-t data
at BES-IlI: Ry, < 1.5 x 104

2 events in the signal

D°.D° Mixing Limits region due to mis-ID.
s I (the mis-ID rate for pi
R | as a Kaon is 1%).
Lo
- Y K rtvs Ko
e000
o

L |
P_BZ 1.83 1.84 1.85 1.86 1.87

- o K 7 vs. K™~
o= no BE' assumphion g
: 93% CL Limits Beam constraint mass
_Hu_l.b.l_l_u_!.l_l_u.b.l_ =z 3
°* Mp-=\ Eheam_PD
x { 95) |

E -
faz .83 1.84 1.85 1.86 1.87



CP Violation at y(3770) at BESIII

CP violating asymmetries can be measured by
searching for events with two CP odd or two CP
even final states:

-, KK, 0% Ksn?,
for the decay of " — f f,

CP( 1:1 fz) — CP( fl) . CP( fz) ) (_1)L -
CPWy") =+

Acp sensitivity : AA ~103
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Sensitivities (20 fbt at psi(3770) peak )
* Mixing parameters
—R,=(x?+y?)/2 < 10*in Kxt and

Kev channels . SESH
—Probey: Ay.p <0.7%, - zm G|
— Acosdy,, < 0.06 o
« CP Violation ﬂ;
- AA-p~103 in D* decays of
(direct CPV), o3¢ JE
« Improvement to ¢./y 75 PR PO OV OV SOV 1
measurement in B> DK <2° X

(CLEO-c: ~59)
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Rare and forbidden Charm Decays
Charm FCNC decays heavily GIM suppressed in SM:

BF(c—=ull)~10-®

(

i

¥

- -'Zﬂ &

W W

¢ > - > y € - > - u

Burdman et. al., PRD66(2002)014009 &\«ﬁf/f

New Physics can contribute in loop, which is different from
the cases in B and Kaon mesons.

Lepton decays: DO — I*I- (I = e,n);

GIM suppressed decays: D% MO [+[- (M is meson allowed);
LFV decays: D° —» et u—, D& -sM&et —;

LNV decays: D= ->M=I*|* (I = e, u; the same signed-di-lepton) ;
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Sensitivity of LFV

Improve the limits by more than order magnitude!

BES-TII (20 fb-1)
CLEO—c (1fb-1)
W BaBar (288fb—1)

LFV and LNV are “smoking gun” , any indication of
deviation from zero will indicate New Physics (NP).




Data quality check using physics channels
Mainly use Bhabha events to calibrate the detector,
EMC energy scale by n;

Use some y(2S) decays to check the data quality
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dE/dx vs momentum for charged particles

= 2000
=1
=]
© 1800
=1
1600
1400
1200
1000
800

600

0

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Momentum (GeV/c)

The dE/dx information can be used to separate between «t, K, p
particles with momentum less than 0.6 GeV/c. For high momentum, ,
K can not be well separated with dE/dx.
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dE/dx: g distributions of particles to themselves

offset sigma
Yo 0.098+0.0064 1.06210.05
K 0.09+0.0068 0.97 +0.0049
Y -0.046 +0.007 0.97 +=0.006
0% -0.14 =0.022 0.780.0162
-0.21+£0.034 0.71+0.0316
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TOF: AT of particles

(barrel) Offset (ns) Sigma (ns)
AT, -0.003x0.0006 0.104x0.0006
AT, -0.07£0.0007 0.098 +-0.0006
AT -0.032+0.001 0.12+0.001
AT, 0.031%0.004 0.1190.004
AT, 0.0330.0089 0.12090.0083
AT ppar 0.38%0.018 0.213+0.029
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Fake photon veto using EMC TDC

EMC TDC is very useful to veto beam gas related
fake photons

Do a EMC TDC calibration to improve performance
of fake photon veto

Use v 2>nn°] /y, J/w=21*1- process to do the
calibration
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EMC time of inclusive hadron sample htemp
A Entried4403321
120 - Il Mean  20.76
E RMS 10.31
100 — - _
E l Shower caused by physics events
80 -
60 - [
40 [~
o |J-‘ M.L“ " IIONMAEOOOnOL; 1l
N Shower caused by beam gas
0 [ il | | |

o
Y
<o

20 30 40 50 60
time (/50NS)

The width and center value of TDC signal vary with trigger and photon energy,
->Smear the TDC signal
The time window is set to 5-35 now (BOSS6.4.1)
Calibration it can improve the performance of fake photon veto



M(n+n-) recoiling Jhy  DUEOYAII RISl

nn reecoiling mass for data | | | nn recoiling mass for MC | | | 7 reecoiling mass for nightly build(Zhang¥) | |
o bakfrac = 93+ 15 = el bakfrac = 624 + 32 el bakfrac = 259 + 16
S pO= 100101 04| | 50 @f h p0= 42.17+0.16 bese S | h po=-976+11  |4384
o } pl= 903450 ) I r\ p1=-135196+0.050 | _ A0 @’ I pl=99.1:33
il @ | p2=-38.3711.6 g | sigfrac = 47321 70 S | p2=-21.615 + 0.10
E } sigfrac = 685428 I - sigmean = 3.096836 % 0. I 30 sigfrac = 4021+ 53
g sigmean = 3.09686 + 0, - 4 [:] [:g sigwidth = 0.001656 + 0. 1 3 [:] [-_g L sigmean = 3.096963 + 0.(
5 sigwidth = 0.00294/1 0. l § I I 5 | sigwidth = 0.001580 + 0.(
w o w L B
20 , (200 |
. 200 . |
I } \ 1100 | J

s 08 gl 03 a1l 503 Ball

M=3096.91+0.2MeVV M=3096.8 + 0.1MeV M=3097 =+ 0.1MeV
0=2.910.2MeV c=1.710.1MeV c=1.62£0.1MeV
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M(m+x-) recoiling Jhy

_nn recoiling mass for MC

_nn rcecoiling mass for data

4 [l bakfrac = 63 + 11 T C bakfrac = 291+ 21
S [ p0 = -100.00000 + 0 S T ﬁ p0 = -2.69170 + 0.004877
] B ]
o L 1= 64.32643 + 0. 1= 0.7557 + 0.0014
<« | |Data P __4 (M [g - P.
-8 L L—MJ1 |l p2 =-10.377633990 -9 T [ MC sigfrac = 3501+ 61
518 . S | .
o | sigfrac = 411+ 22 o [ sigmean = 3.096710 = 0.0(
2 | | | sigmean = 3.09706|= 0.C [ [_'B sigwidth = 0.001520 + 0.0(
2 [}f LN | sigwidth = 0.00245)+ 0.( § -
e T
[ Al
[ | 4o T
Lt i , . 100 ¢
L . 3 \ :
[j-k [ ! i i y :'.: _;ﬂ.::‘ : ’ u B ) .
a3, e (Ged &) | S, e (Gad &) | =

M=3097.1+ 0.1MeV M=3096.7+ 0.1MeV
0=2.510.1MeV c=1.5+0.1MeV
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M(nz*r) Distribution

Entries 740

m(J/\) for real data

M=3096.7+0. 1|v|é
6=1.740.1MeV !

sigfrac = 4883 + 71
sigmean = 3.096704 + 0.000025 G¢ I
sigwidth = 0.001684 + 0.000022 Ge

1l 3.1ledslZ I

M=3096.8+0.1MeV

m(J/y) for nightly_k

0

0=1.620.1MeV

p1 = 63.71486698 + 0.1%000017
p2 = -10.25912505 + 0.0000082
sigfrac = 4059 + 65

sigmean = 3.096790 +
sigwidth = 0.001557 +

00002!

00002

3.083.09 3.1 3.1h.3el2
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Event selection of w(2S)->y y.; 24w used
for vertex cut and y information check.

e Atleastl gamma
(without cut).

» At least 2 positive and 2
negative tracks (without
vertex cut)

» Loop over all neutral and

charged tracks to select
the vy +2 (n *r)

combination with smallest

v2(4C), and require
v2(4C)<20
*The remaining tracks in the

good event are considered to
be fake tracks

—_—

ARooPlot of “M(; )"

N ) = 3697:£70
Ni )= 162136

)

2

—

on

L=
II|III|III|III|III|III|III|III|I

—
~
="

Events / ( 0.001 GeV/c
)
=

% | Il )= 0.00195+0.00044 ‘

Nix ) = 201351
M )= 341575 +0.00021
My )= 351195 +0.00020|
M )= 355716 +0.00016

sigma = 000595 + 0.00014 f+
Iy )= 001274+0.00055

py

35 36
M{4n) (GeVic?)




Event selection of y(2S)=2y x.; 274K

2 positive 2 negative tracks
(Jrvxy|<lcm, |rvz|<10cm ),
more than 1 vy

Give four charged tracks the
mass of K =

AC fit of y(2S) 2 y2(K*K")
v%(4C) <20.
cut m ©d/ v background

1% backgrounds

ARooPlot of "My )

Events / ( 0.001 GeV/c?)
[ %] | o]
> on
| | [

—
<
T T T 1

10-

N )=
N )=
N )=
M )=
M )=
I M )=
sigma =
J F(xm)= 0.0099 0.0017

M2
746197

205116

3413551 0.00060
3.51038 £ 0.00091
3.55656 1 0.00049

0.00563 + 0.00067

4
' |
| I"'\n l

I, ) = 00022+ 00016 ‘ ‘

3.45

H|
In / ||

0 !!!

[ ﬁll ‘ il _"' bl 1

35 3.95
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Signal of %, ,

E=171.24MeV

PDG value=171MeV
220 Res=3.99%
200 E=127.43+0.26MeV _1._
180 PDG value=128MeV

Res=4.65%

_f_

160
140
120
100

80

Number of events

40
20

8.10 0.11 012 013 014 015 016 017 0.18
E(GeV)

Transition photon energies consist with PDG value after =° calibration
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h. signal in DATA Very preliminary,

240
220
200
180
160
140
120
100
80
60
40
20

o ‘o,
S +
0 o )| dadl PO W (7 WY Mt M 2 R N 0 YO g I |

3.510 3.515‘3;..520 3.525 3.530 3.535 3.540 3.545 3.550 3.555
M,....(GeV)

191 events
DATA

T Illllllll

I
ji

s

Events / ( 0.00155172 )
IIIIlIIlllIIIIIIIIII!IIIIIIIIIIII

I

Significance S=5.5¢
Progress report,

not for quoting
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Some comparisons between
Data and MC for y(2S)— n%=%J/y

—MC
= Data

—MC
= Data

Nentries

E6000[-

Nentries

5000

4000

3000

2000

1000

L]

T nl N = T Y, 0:‘”\H‘\H‘\H‘\H‘\H"{FTTHW,FM
0.06 0.08 01 0.12 0.14 0.16 0.18 02 0 20 40 60 80 100 120 140 160 180 200

M,, (GeVic?) 22

Myy distribution v? distribution
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The M , .distribution in high-
mass side

mdg2

Entries
Mean
RMS

2782
3.457
0.06173

f35

250~
200
15nf
100}

50

htemp
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6392
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v(2S)>nn Iy, Jy—>p pbar 7

y distributions —— data BOSS6.4.1
—— data BOSS 6.4.0

htofchipi0 htofchip1
Entries 0T Entries a0
38 1068
— data BOSS5641 i: S5641 L
382
— data BOSS640 — data BOSS640
R .. . .
5 10
hchipi0 hchip1
Entries 383 Entries 382
60 1346 5406
i — data BOSS641 I ta BOSSG64
| 1.02 TE
| — data BOSS640 -_ ta BOSSE64
40 —




Inclusive Ks for the secondary vertex
fit check

=g [—Bosses

500 — Night-bulid | 3

- ——data BOSY 6.4.1 wf

. —data Nightly_bulie

I S B is : b6
. helxyz

Error of
LXxyz
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The focus of data checking and
preparation for physics analysis

» Improve the MDC calibration and alignment to improve
momentum resolution and uniformity;

» Check the tracking efficiency, including K¢ and A, etc;

» Check the trigger efficiency, no loss of good events;
now the trigger rate can reach ~ 5000 Hz; work with machine
people to reduce the backgrounds;

» Improve detector simulation, Data and MC comparison;
Especially for MDC and TOF;

»Partial Wave analysis and Dalitz plot analysis, and other

analysis methods and tools;
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Summary

»Machine and detector are in good shape, physics data
taking started,

»More understanding of the detector, through
calibration and physics analysis, data/MC consistent is
Important to reach measurement precision needed,

»Many interesting physics can be obtained in the
coming years, this year 100 M y(2S), 250 M J/ vy, and
scan of y (3770) are likely to be collected. Large data
sample for charm physics will follow as the machine
luminosity keeps increasing.
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Luminosity Measurements

Two methods are used to measure the machine
luminosity

(D Small angle luminosity monitor = for machine tune
Large statistics; fast response; bunch by bunch
measurement; but subject to beam position variation
and large uncertainty of absolute calibration of the
luminosity.

2 BESIII detector = give luminosity number
More understandable, ~15% and better measurement;
can be cross-checked by offline and by different
processes; relatively lower statistics, and can not do
bunch by bunch measurement.
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Luminosity measured
by small angle monitor

Luminosity Monitor System

W _max value 6369 W_rnax index 101 Plat 0O E

W' _Luminosity Graph
5500 —
&000 —
5500 —
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2000 =
1500 -
1000 —

500 —

Amplitude

0-y 1 1 1 1 1 1 1 1 [ | |

| | 1 1 1 1 1
u} 10 z0 30 40 S0 &0 7o S0 Q0 100 110 130 140 150 150 170 10

1 1 [ 1 1 [ [ 1 1 1
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Luminosity measured by EMC

=3 uy uy
o = =1

0045
0100
0115
0130
013 -
0200
02:15
]
0300 -
030
0345

0200
00:15

E=3 [} o
= k=2 k=1

Results from offline and online data analysis are
consistent, now the luminosity and cross-section are
monitored when ever data are taken.

MDC calibration is not finished yet, the cross-section is
mainly calculated by calorimeter data, so there is some
uncertainty, but should be better than 20%.
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History Graph

Data from BEPCII. Lines:Z Foint=:56
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Luminosity curve of March 14, this is a very good period, the
hadronic events are estimated to reach 3M/day.
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BESIII Status

v" Finish the installation of all the detector components.

Beam pipe, MDC, Barrel and endcap TOF, barrel and
endcap EMC, all muon chambers.

v Cosmic ray data from Dec. 2007 to March 15 2008, with
DAQ, Trigger, and Slow control, fixing problems.

v' BESIII detector into beam-line on May 6, 2008

v" Collision on July 20, 2008

v In Oct. 2008, 11 million y(2S) events for calibration
Performances meet the design

v' Starting y(2S) physics data taking, in beginning of
March. 70
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Two Be cylinders (0.8 mm and 0.5 mm
thick, 0.8mm gap), cold by paraffine-1

« 14.6 um gold at the inner surface.
« The beam pipe was put in the place

on March 27, 2008, it is the last
component of the BES-111 detectors
Installed.
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Drift chamber

To measure the momentum of charged particles

Design spec.: Single wire reso. dE/dx reso.
CLEO: ~110pm, 9.7%
Babar: ~110pum, 6.2%

Belle: ~130um, 5.7%
BESIII ~120pm 6 .0%
R,, = 63mm; R, = 810mm; length = 2400 mm

7000 Signal wires: 25(3% Rhenium) um gold-plated tungsten
22000 Field wires: 110 um Al
Gas: He + C;Hg (60/40)
Momentum resolution@1GeV:

05% &
R~ 0.32%®0.37%

t
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BESIII Csl(TI) crystal calorimeter

To measure the energy of electromagnetic particles
Barrel: 5280 crystals, Endcap: 960 crystals

Babar: 2.67% @1GeV
Crystal: (5.2x5.2 - 6.4 x 6.4) x 28cm? o@

Readout: ~13000 Photodiodes, 1cmx2cm, BELLE: 2.2% @1GeV
Energy range: 20MeV -2 GeV CLEO: 2.2% @1GeV
position resolution: 6 MM@1GeV BESIII: 2.5%@1GeV

Tiled angle: theta ~ 1-3°, phi ~ 1.5°

s

i 2 B
< N
Y 3
A}
PR\ -
3 = »
/ = i

Crystal calorimeter without

e
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PID: Time-Of-Flight counters

« Double layers at barrel of 88 counters/layer, readout at both ends,
endcap each has 48 counters, readout at the inner end.
- OCal %ODD I _
e
= 0 %
23 24] 25 2% /07 28 30/ 31/32 /33 /34 8/3 /%8901 1 S L %OD— i
& £ R=510mm
e R 4 /% - e TOF < am 108pe for ¥/
1232 i " "
o 1070 L j 1" _
C03 =0 asw,f/ | ke 400
Il ==
’/,/ cose 0.93’—«.,, /B £ ' A _
PP -, £ 200
Y o ;'9; | 8
L ] |
e _ _ _ _ o o . "3 0.2 0.3 0.6 0.8
- = ol & i cos?

High quality plastic scintillator: 2.4 m long, 5¢cm thick
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TOF

All scintillator bars from Bicron. BC408 at barrel,
BC404 at endcap, PMT:R5924;

Laser light monitor system;
All counters are assembled, tested and installed.
Real data shows the system works.

Delta T Distribution of Barrel TOF | | Endcap TOF Delta T Distribution | %2 ndf 1539/ 89
- ¥ 1 ndf 577.1/74 - Constant 2099 +16.2
00— Constant 3453 + 21.3 gzoolE d T O g;"::a 0‘001:’?3:3602822
- Mean -0.001291+ 0.000491 n Cap —
A 2000F
3000 — Sigma 0.103 + 0.000 -
> 1800
2500 Barl’e| TOF 1600
- 1400:_ O.~ 117pS
— o~ 103p3 1200
1500— 1000
B 8001
1000 600F
- 400F
500 — E
® 2001
o_ T N S (I T B A 10 9| L L O T S O i (I R Mol O_ILLJ L PR TR T (07 R Y U T ETER BUNTIRTI) S
1 -0.8 -06 -04 -0.2 -0 0.2 0.4 0.6 0.8 1 1 08 06 04 02 0 02 04 06 08 1
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u system : RPC

« 9layer, 2000 m?

Dielectric foam

- Special bakelite plate w/o linseed 0il ~ ,, | F—r—m—
 4cm strips, ~10000 channels arivs 1 nsulator
: ) - Y
* Noise less than 0.1 Hz/cm R ayer | G s |
- i Dielectric foam iInsulator

[

2.49
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Magnet reached 1 tesla (3364A)

phi (degree)
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v'Tests of QCD at low energy in various way:
light hadron spectrum, charmonium decays and
spectrum, light hadron decays, decay constants;
» Precise measurements: test of SM (R values, tau
mass);
» New Physics probe at BES-III:
(0) Rare and forbidden decays of quarkonia
(1) Rare decays of Charm meson
(2) DO-D%ar mixing
(3) CP violation in D meson decays
(4) Lepton Flavor/baryon number violated decays
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The n/n” mesons

Production rate of n/n” :

20M (m)and 51 M (n ") in Jy > yn(n”), ¢n(n’)
93 M 1 sample in y(2S) = J/yn decay

High production rate of n/n" allows :

» 1 Measurement of basic meson parameters

» [ Precise determination of kinematical distributions
for processes with larger rate, thus providing an

Invaluable test-bed for QCD at low energy
» [ Search for rare decays

From S. Giovannella — Light Meson Spectroscopy — LPO7
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The n/m” mesons

Physics of 1 and i’ decays:
e M. M" — 3m decays

oM — Nnmn

o — Ty

|}

My /Mg Mg [ M

|}

scalars (ag)

QCD anomaly

|}

« N’ radiative decays — 1’ quark structure
e Dalitz decays = formfactors

e — €+E_ = new interactions
o —Tnete . T T ete” = C CPlests
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CP asymmetry in n (n’ or n.)—>n*wl*l

fzﬁ dl'(n — wtom ete )
0

: dg sign(sin ¢ cos @)
i

Acp = (sign(sin ¢ cos @) ) =

f;ﬁ dr(n — ?;:r_ﬁj?_}d@
. N, —N .
Unconventional CPV: A, = N+ N_ , N, =sign(sin ¢cos ¢)
N +
+ —_
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Rare nn (n’ or n.) decays

|0
~ Pt
Y ¥
n n {
.( ,Ya
|

L= ' CP odd Higgs may
- a d enhance the rare decay

" rates of n>1*1-
PDG: Br(n=>putu)=(5.8+0.8)*10-5 @

Fig. 1. Feynman diagrams for the various 1 decays. Letter I represents an electron or a muon.

Bob and Shou-hua
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A—Abar oscillation Iin w— AAbar

PRL 96, 061801 (2006)
B number_ may not be c_or!served oL 97131301
Grand unification predictions: PRL 98 161301 R.N. Mohapatra et al

AB =-1, AL =-1 In B-L conserving process proton ->e+ pi0
B violating process: n-nbar oscillation
If n-nbar oscillation: A-Abar oscillation exists!

0 7©
A—©— A
> "

The equation of motion in a static magnetic field is:

d ;\] i(mﬂ—ﬂsE!i om ] A]
a\A) - nl emo _-AE_ A
ala) Tl o me-sm 8T TN S (p)(pr )] L
sl AE- 7B N[y — (pz )(pz")] <
The probability of oscillation is then given b
ey . I eme—2 L _13x10 Mev
P_(t) = (a:r A ]5111 1.':11 +th 1.5x10 10

sm(n—m) <10 MeV (PDG)
89



The D-meson Unitarity triangle

Many unitarity relations, related to four hadrons (top excluded)

@ By meson : Viua Vi + Vea V7 + Via V5, = 0 (A3, 27, 23)
@ B. meson : Vs VI + Ves VI + VsV, = 0 (A%, A2, A2)
e K meson : Via V. 4+ VgV + Vg Ve = 00 (AL AL A
@ [ meson : Viua V5, + Vus VIS + ViV = 0 (A, AL A5

Vi Vg - -
I""r-:-'!l"'" __'_,_;-'-""-----

VUﬂI Cd _|_ 1 —|— VUIJ‘ f-'b D f____d__r"---

VoeVE | VeV o

00 The D-meson UT

can be used to define a (squashed) D-meson unitarity triangle
Viud """rc"d

® op +inp = —

Vs V&
u.bl"""r
ﬁaD:arg( udv_)—arg(— )

® VD = arg( vﬁﬂz = O(A%)
® Up = arg (_ vsf,t}f) =7 —ap —yp = 7 + v + O(A?)
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The first order sensitivity to strong phase

CP even: Consider the amplitudes for these mass eigenstates decaying to K'n™:
. 1 0 0 — 4 ]- - + [ — _+ |7 1 . idg Ty iy
Dl—ﬁ(D +D ) 4=(Kn D1>_E(<ﬂ | D°)+ (K x \D”))EE(_AE + e )
[ - ]. (e 4 -+ | _ ]- ( idy Ty iy
CP odd - 4,=(Kz DEK_E({IL 7*|D%)~ (K7 Dﬂ}):—ﬁtﬂe ~4er)
1 —
D,=—(D°-D°
SEYAEY

rates to a specific final stat
will not be the same |

/;.e:. the CP even & CP odd }
e

4 . . .
> \ ¥ :E.. O = Cl)R, _{jTT’

AE _ _ .
CP tagged B(Dgyp, > K 77)-B(Dg. > K 77)

— —— =2rcos(0)
Krdecay: B(D.,, - K 77)+BD,. >K 77)

AC0SOy . < 0.06

The model independent strong phase determination is useful for y/¢,
A. Bondar, A.Poluektov, Eur. Phys. J. C47 347-353 (2006), hep-ph/0510246].
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Quantum Correlation

At BES-III:
DD pair with L =1 must be in anti-asymmetric state

| D'DY)c=-1 — % (1D%)| D% — |DY|D%]
\*.-"
the interference comes for free:

-y
=

PRD 73, 034024 (2006)
Asner and Sun
l.1.Bigi SLAC report-33,
1989 page 169

X.D.Cheng, K.L.He, H.B.Li,

Y.F.Wang and M.Z.Yang
PRD, 75 094019 (2007)

M= <:’|D”)<j F}—(ﬂﬂ”){ﬂﬁ}

(C=-1) e*e~— y(3770) —> D D
Forbidden if no mixing K-n* K-n*
Forbidden if no mixing K=I*v K=1*v

Forbidden by CP conservation CP+ CP+
Forbidden by CP Conservation CP- CP-
Interference of CF with DCS K-t CP+

Special menu at BES-III:

» The mixing rate R,, can be measured at the first order;

» Strong phase §,, is from CP tagged D—K;

» CP violation is measured in a production rate.
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