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Beijing Electron Positron Collider (BEPC)

—
beam energy: 1.0-2.3 GeV

BESIII construction
s 2008: test run
> E & 2009 - now: BESIII physics run
=2\ .

~<_% . 1989-2004 (BEPC):
“ 5 Lca=1.0x10%! /cm?s
2P + 2009-now (BEPCII):

L ...=0.85x1033/cm?s

peak™



Upgraded BEPC-BEPCII

RF....5R., «RF,

Beam energy: 1.0 -2.3GeV

Luminosity: 0.85X10% cm?s! @3770
Optimum energy: 1.89 GeV

Energy spread: 5.16 X 10

No. of bunches: 93
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BESIII Detector

CsI(TI) EMC

R innler: 63mm;
Crystals: 28 cm(15 X))

Barrel: |cos0|<0.83

R outer: 810mm
Length: 2582 mm

Layers: 43 o5 Endcap:
0.85< |cosO] <0.93
RPC MUC TOF

BTOF: two layers
ETOF: 48 for each

BMUC: 9 layers — 72 modules
EMUC: 8 layers — 64 modules




BESIII Detector

MDC MDC EMC
Exps. Wire dE/dx Energy
resolution | resolution | resolution
CLEO 110 um 5% 2.2-2.4 %
Babar | 125 um 7% 2.67 % TOF
Belle | 130um | 5.6% 2.2% Exps. time
resolution
BESIII <59
(XYZ | 115pm (Bhab‘;]a) 2.3% CDFiI 100 ps
data) Belle 90 ps
BESIII
e New ETOF (MRPC), just installed (XYZ 68 ps (BTOF)
100 ps (ETOF)

e New Inner MDC, built at IHEP

data)

6




Data/Monte-Carlo Consistency

* For tracking efficiency, data/MC difference < 1%
* For particle identification efficiency, data/MC difference < 2%

Tracking efficiency
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BESIII Collaboration

Political Map of the World, June 1999
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Features of the BEPC Energy Region

Rich of resonances: charmonia and charm mesons
Threshold characteristics (pairs of baryon, 1, D, D, ...)

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

Energy location of the new hadrons: glueballs, hybrids,
multi-quark states
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Physics Topics at BESIII

€ Hadron spectroscopy
» search for the new forms of hadrons =
» meson spectroscopy -
» baryon spectroscopy Int. J. Mod. Phys. A, Vol. 24 (2009)

€ Study of the production and decay mechanisms of
charmonium states: J/y, y(2S), N(1S), X012}
Nc(2S), h(*P,), w(3770), etc.

Calibrate QCD
XYZ states

€ Precision measurement of R values, hadron FF, ...
€ Charm physics, charmed baryon
€ Rare decays, new physics

10



New forms of hadrons

B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model:
meson a @ 8 baryon

B QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >= 4

%* ¥

* Hybrids: qqg, qqqg ..

e Glueballs: gg, ggg.. g%g

None of the new forms of hadrons is settled !,




Charmonium decays provide ideal hunting ground
for light glueballs and hybrids

(a) (b)
hadrons hadrons

qg qqg

(c) (d)
% hadrons hadrons

Qq qqqq

F(J/y = ~vG) ~ O« ('.1:3)._ M(J/y = ~vH) ~ O(« (.‘.}-:f’)._

F(J/p = yM) ~ ()((f.}-:(f}:j) [ (J/Y = ~+F) ~ O(a (f.}-:f)

12

“Gluon-rich” process

Clean high statistics data
samples from e'*e
annihilation

1(JPC) filter in strong decays

of charmonium

N
0" o
Odd-balls in
o\ m— ,LQCD
3 0 .,
3
) 27 1 — BA
.| 0 — 8
e
12E
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MASS [GeVic?]

from Ryan Mitchell
44 L @ p(4354) |
Y(43
= 1 miﬁEF‘zll
[ iaz60) [ hef3"Py) | PRE
42 |- Xeol3*Pg)
P(35s) |
4.0 —|Tl-:[3'503
X(3915)7 X2l 2P2) |
X(3872)7
| 23p,
3.8 STCTESN Xeo{29Po)
lIJ’iEE5|]|
3.6 :ﬂu“{E‘Sa}
Xoz(17P3)
he(11P4) @ZI
34 | |}:uﬂ[‘|"-'Pa}
32 - pradicted, discoverad
predicted, undiscoverad
30 - unpredicted, discovered

O+ 1++ 24+

Charmonium spectroscopy

e Charmonium states below
open charm threshold are
all observed

Above open charm threshold:

* many expected states not
observed
* many unexpected observed

X(3915)
Z(4430) X(4160)
B e ek
Z(4050
e XYZ(3940) zg :;ggg
X(4350)
Y(4660)
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Precision measurement of CKM elements
-- Test EW theory

CKM matrix elements are fundamental SM parameters that describe
the mixing of quark fields due to weak interaction.

~5% precision :1(_)%:PT€‘CiSi°n
Cd Kvud Vis Vab ) D))
Sl — I\/Cd Vcs ! I

5 CKM matrix

. 7 | BESIII + B factories +
\b ) _ ___\{ts: th /:kb' LQCD |

Three generatioxis of quark? Unitary matrix? |

/ .
\ BESIII + B factories +

Expected precision < 2% at BESIII LHCb + LQCD

Precision measurement of CKM matrix elements
-- a precise test of SM model
New physics beyond SM?
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Nucleon Form Factor

® Fundamental properties of the nucleon
» Connected to charge, magnetization distribution
» Crucial testing ground for models of the nucleon internal
structure
» Necessary input for experiments probing nuclear structure,
or trying to understand modification of nucleon structure in
nuclear medium
® Can be measured from space-like processes (eN) (precision 1%)
or time-like process (e*e” annihilation) (precision 10%-30%)

eN - eN

ete”™ < NN ,AA

Space-like:
FE real Time-like:

FF complex
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R Value

O

BESIIl data samples

Iy o 4040 | [ 4420 }
’ 13107 ‘ &’05"10 ‘LOSfbl | 1
wis 181 e
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L ] BES99 PRLSS(Z2002)101 802
CrystalB
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1 Markl
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Pluto

4230+4260
1.9 fb!

My ﬂ L Hhﬁ

™ 1T 1T T
lx— 130 pomts for R Scan ("1. 3 fb1

n i ---'I'_-‘ 1
L
4360
-1 {T_[2
0.5 fb? | o

T T

=

5
Ecm (G aVW)

World largest J/y, y(2S), y(3770), Y(4260), ...
produced directly from e*e" collision
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Selected results

XYZ studies

Scalars

Baryons

Charm physics

A_ absolute branching fractions
Form factors

17



Observation of zc(3900)’—’ BESIII: PRL 110, 252001 (2013)

100 - —4- Data
i — Total fit
L -=-- Background fit
Zc(3900)+ 80~ -.=. PHSP MC

m = (3899.0 + 3.6 & 4.9) MeV/c?
I' = (46 & 10 + 20) MeV

40
Mass close to DD* threshold B

Events / 0.01 GeV/c?
3
[

201 Jue:

A 4-quark state

Decays to J/y - contains cC |
Electric charge - contains ud 0!

3.7 3.8 3.9 4.0
M, (/) (GeVic?)

olete” = ntr~J/1] =62.9+ 1.9+ 3.7pb at 4.26 GeV

olete”ontZ,(3900)F sntr— /v _ (21.5 £ 3.3 £ 7.5)% at 4.26 GeV

olete——nta—J/|

Belle with ISR data (PRL 110, 252002) CLEO-c data at 4.17 GeV (PLB 727, 366)
70 —4- data = “PE { Data
© 60 ; — Fit E 30;— P!’iase Space
& sof e S 250 = iy Sidebands
S 40 -+ | § 20 ;
% 30 s s S 1sp ) .
5 20F TF N 10/ H—H-F-Hjl 2
(i} 10E 1 sl . L
o d T il 12 E el L‘*

o
3.7 3.8 3.9 4 4.1 4.2 3600 3700 3800 3900 4000 18
Moax(mly) (GeV/c?) M, pax (TT=J/y) (MeV)



The neutral isospin partner: ZC(3900)O

Search from e'e" >7'7°)ly

BESIII: PRL 115, 112003 (2015.9)

-
=

JBESIT | 4.230 Gev

Events / ( 0.01)
Events / ( 0.01)

4260 GeV

| 1 0 1
38 4.0 42 3.8

A structure on n°J/y invariant mass
spectrum can be observed:

Mass = 3894.8+2.3+2.7 MeV
Width =29.6£8.248.2 MeV
Significance=10.4c

Isospin triplet is established!

4.0 ) .
M(rJ/y) (GeV/e?) M(m%J/y) (GeV/ch) M(r"J/y) (GeV/e?)

—
=l
T

4.360 GeV

28]
T T

Events / ( 0.01)
= = o

| |
4.2 38 4.0 4.2

CLEO-c dataat 4.17 GeV (PLB 727, 366)

Counts /15 MeV
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10 Phase Space

gl ™ J/y Sidebands

)

el
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| — Fit

ok i
3600 3700 3800 3900 4000
Mo (°J1y) (MeV) 19



Observation of Z_(3885)*ine*e™ » nf(DD*)*" at /s =
4.26GeV using smgle D tag method

QA
Reconstruct the w+ and D° — K-+ and infer the D*-. § gg 525pb™! at +/s = 4260MgV
(Also analyze m+D-D*0 with the same method.) g gg } PRL 112, 022001(2014)
Enhancement at DOD* threshold in -E 5;8
+\. -
both channels (Z.(3885)"): =
Mass = 3883.9£1.5+4.2 MeV, (it with BW function) Lﬁ 18
Width =24.8+3.3 £11.0 MeV 3.85 3.90 3.95 4.00 4.05 4.10 4.15
Y M(D°D*) (GeV/c?)
0.45;— Data 8]
z D_‘gg;: Fit: 1+, 07, 1- N
Cad BT 1 UL (R R ™ (D
R o =
T <
£ Cost P
0.05F S
% 0.1 0.2 03 0.4 05 06 0.7 0.8 0.9 1l

Icos & 385 3,90 8.95 4.00 4.05 410 415
Fit to angular distribution M(D*D*") (GeV/c?)
favors JF = 1* over 0" and 1- 20



Observation of Z_(4020)* PRL 111, 242001(2013)

in e‘|‘e— % 7Z_+7Z_—h R 80;— —e— ofe'e->x*rh,) BESIII
C .g 705_ —5— o(e*e>7*Z (4020)+c.c.) BESIIL
E 605— —#&— ole*e->1*7h,) CLEO-C ]
hc_)ynm % 502_ ] 1 ]
n. =16 hadronic decay modes ¢ 0o I [’ |
“ 30 1
£ c
S 200 ;
2 “UF _
. o %] JH %
:I'he cross section of e"e —> A A R R —y
is measured, and the shape is not o Egy(GeV)
trivial. < 120
N N
§ 100}
A structure, ZC(4020)i , is observed. S sof
S
Mass = 4022.9+0.8 +£2.7 MeV, 2
Width=7.9+2.7 2.6 MeV
A weak evidence for Z_(3900)* — 7*h|

4.20 425
M_., (GeV/c)
" 21



Observed neutral Z(4020)° in ete—n’n’h,

Born cross section (pb)

90¢ 45F
801 Blue: o(e'e>n'nhy) _ 2k
70;_ Red : o(ete=—n’z%h) .-;:: 355_
60 -R=0.53:0.11:£0.07 [4230MeV] % b
= 0.62:+0.14:0.09[4260MeV] o
S0E- 0.73+0.14+0.10 [4360MeV] = 25t
40- S 20F
30 T I5E
20 ] Z 10F
10/ ] =
R R 39 395 4 405 41
4.0 4.1 4.2 43 44 85 3. 44
Ecny(GeV) Mo |M{Ge1',-c)
M[Z.(4020)° ] = 4023.6+2.213.9 MeV
[M[Z,(4020)* ] = 4022.9+0.8+2.7 MeV]

—Width fixed to charged Z (4020)

—Significance : >5c
Isovector nature
of Z_states

established
BESIII: PRL113, 212002 (2014)

Observation of
neutral Z (4020)
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Observation of Z (4025)*
ete” - n¥(D*D*)tat+/s = 4.26GeV

PRL 112, 132001 (2014)
Tag a D* and a bachelor &, reconstruct one

n0 to suppress the background. 80 L _ comb.BKG —+ data
~ [ e D*D** — total fit
A structure, named as Zc(4025), can be S 601 o :;(:‘;25_) |
observed in the recoil mass of the bachelor| = >10¢ H -WS siand
= |
™. E:L 40_ ++
M (Z,(4025)) = 4026.3+2.6+3.7 MeV; 2 [
I'(Z,(4025)) = 24.845.6+7.7 MeV g 20f
;- ¥ T\E- T 402 4.04 406 4.08
oleTe™ = (D*D*)*n7] = 137+ 9 + 15 pb at 4.26 GeV AME) (GeV/c)

olete” o m 2o (402607 (D D) F] _ 65 4 ()09 4 0.06 at 4.26 GeV

olete=—(D*D*) T F]

Coupling to D*D* is much larger than to =h, if Z.(4025) and
Z.(4020) are the same state. 23



Observation of Z_(4025)° inete” » (D D)7

PRL115, 182002 (2015.10)
————————————— Phase space + BG

C 30 ]
> - 4.23GeV+4.26GeV ; TR < 30f
s [ @ 9c & t1] 1 3
5 I 2 ] % 20F
S 20— wooR =2 - 92
o0 1] 29
5 o
o E A > ole
B e 1 402 4.04 406 408 4.1
10 - 2.02 4.04 gﬁngﬁeﬁgﬁ - RM(n%)(GeV/c9)
- | —— Data
- 1 e Signal MC
0 i o e 7 = . Backgrounds
RM(n?%)(GeV/c?) =umn PHSP MC

Z.(4025)*/0 : another isospin triplet 24



Z.¢c’s established so far

State ‘ Mass (MeV/c?) ‘ Width (MeV) ‘ Decay ‘ Process ‘ [Ref]
Z(3900)* 3899.04+3.6+4.9 46110120 ntjp  ete  smwtmJ/p  1*
Z(3900)° 3894.8+2.3+2.7 29.6+8.2+8.2 )y  ete > nnJp 2%

3883.9+1.5+4.2 24.8+3.3%11.0 (DD")*  e*e” - (DD")*mt 3*
Single D tag Single D tag
+ _ _ _
Z(3885)% 3gg17+16+21  26.6+2.0+23 (DD*)*  e*te- —» (DD")im*  4*
Double D tag Double D tag
Z(3885)° 388577431384 35711415 (DD*)?  e*e” —» (DD*)°m® 5%
_—____
Z,(4020)* 4022.9+0.8+2.7 7.9+2.7+2.6 ete" >n'm h,
Z(4025)* 4026.3+2.6+3.7 24.8+5.6+7.7 D* ete - (D*'D")*rmt
References:

1*:PRL 110, 252001; 2*: PRL 115,112003; 3*:PRL 112, 022001,
4*: PRD 92, 092006; 5*: arXiv:1509.05620;, 6*: PRL 110, 252001,

7*:PRL 113,212002; 8*:PRL 112,132001,; 9*:PRL 115, 182002 25



e*e” 2vX(3872)

Search for yX(3872) with
X(3872)-> nnl/y at E_ =4.23,

4.26 and 4.36 GeV E
summed over all data 5
X(3872) significance = 6.3 ¢

Production in Y(4260) decay —
suggestive, but not ;;
conclusive i
If from Y(4260) 3

B(Y(4260)- YX(3872)) _

B(Y(4260)-Tt 7] /) 0.1

[BESIII RPL112,092001]

=9
[6)]
I

i — Total fit
B - == Background
10 _— 7
i am
LL[ T T T
%.8 3.85 3.9 3.95
M(r o/ y) (GeVic?)
0.6
C —4— data
0.5F — Y(4260)
--- Phase Space
--- Linear
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ete” > Mt X(3823),X - YXc]:Xc] - vY]/P

LT LR L
~ [ _e_ & __i__ & __.,______ BEAG00 | Baen o000 e o . oi-0---—F---- 4 NI RS T .-
e S LT S A Y S
0 | R | L | . L
BN SN TS S T R TYYT MR SN W “HIT I N
3 oW b IO O SO0 e
§36f Moew 00, o )
2 feo o 1 4.230 Gely : 1 4.260 GeY | 14,360 GeV
35-| P ) .' :I :: |..:. N B | B :.I I ]
-I e II L (| | I-'I :I ;;.I | I- Ve III L | I I I-
%\39 (d) S I * .' (e) : i I (f) :." ||r.. e ‘e
33_8‘.‘"‘""J s e | I et A 6 ) :.""‘{‘J.'f“;ff:" 'i.y.‘i L
8 +lb.. , @ ..E Ei | -... '“: .‘.‘*'I... Y .
"?3-75:ZE.Z{-EQ";#'}:Z@Z‘_E_-_f_t;'-ﬁZﬁﬁ:ﬁﬁllé;‘ﬁ]jﬁﬁiiﬁﬁlﬁﬁZf‘,?_I-E; ol e
gobocten e e R
3361 | g T | ¥ . SO LA
2“355_ i i 442@ Gev:_ | 4600 Ge\/_-' . . ]' Sum up |
5 35 3834 35 38 3834 35 38 36
M, J/h) (GeVic) M J/h) (GeVic?) M, J1h) (GeVic?)

3
PRL 115, 011803 (2015.7) \ll(l DZ) 27



ete” » m'm X(3823),X = VX, X — VI/W

PRL 115, 011803 (2015)

TQ. . t- Data (:J‘:! [ + Data
% 40:_ ﬂ — Fit % 40;_ — Fit
Sant | Background Sanfk @000 Background 3
T} 30; ¥ Sideband 9] 30; ¥ Sideband \|’(1 Dz)
0 20F o 20}
o, S |
o 10 ; 3 10

BT ANREY 3.9 YRR T 9.9

MreC0i|(H+H-) (GeVlC ) Mrecoil(ﬂ+n-) (GEV/C )

Simultaneous fit of y .4 (left) and Y., (right) events
M(X(3823)) = (3821.7 + 1.3(stat) + 0.7(syst)) MeV/c?
r(x(3823)) < 16 MeV at 90% C.L. consist with Belle

o, 107 :

S of 6L —+ Data

L - | —— D-wave MC .

O & s | e D-wave is expected.
C). L ) 4_ ° ° ° °

S 4 £ | Limited statistics

% o ! ’| MH @ 2f limited information
Y8203 04 05 op | Ohmlophllolloo i

M(1*5) (GeVic?) 28



Evarts /20 Mayic® Evarts /20 Mayic®
sMERRERERE NN sMERRENERE NN

Evanis /20 Mavic®
sHERBEHEAE BN

&
3l
PWA of J /Y — ynn
= [
= ook
g
= r
< S0
Phys. Rev. D87 092009 (2013) i
) | &
Resonance Mass{MeV/c®) Width(MeV/e?*) B{J/ — X — vm) Significance
fal1500) 1468+ HE 136+ (1esHREHEl «10F B2 . B
fal1T10) 175046013 17241043 (235 w10t /0o 5o
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12 14 15 18 20 22 24 36 28 30

() M)

P T
12 14 15 18 20 22 24 36 28 30

(E) M Ce)

~\
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Evants /20 Maic®

| __
® Br of f,(1710) and f,(2100) are
~10x larger than that of f,(1500)

® Possible large overlap with LQCD
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predictions of 0* Glueball:
PRL 110 021601 (2013)

Evarts | 20 Ma\/is”
oHEZEEEEREHE

P ® Further studies of J/y=2>ynn’ and
J/w=>yn’n’are crucial for glueball
ID and solving the mixing scheme.
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Model independent PWA of J /Y — yr'n®

Events/ 15 MeV 2

Events/ 15 MeV /&

16000
14000
12000
10000

L

G000
40X

2000 F
o

16000
14000
12000
10000

40

ﬁ-l

PRD 92, 052003 (2015.9)

(&}

0.6 -1 i) 1 j5- E.II:I 25
Massix"x"} [GeVic]

c)

L]
=
Bt
¥

i I?Il
o
L T l
i"- %y i
et Y, : ikt
0.6 1.0 1.5 20 256
Massixr) [GeVic’]

LEH

Events / 15 MeV/i¢’

1.0 1.6 .'I!ﬂ' - 2.5 a0
Massix"<") [GeVid]

LA TR P AREA T Y
1.0 1.6 20 25 a.0
Masa{x"s") [GeVic']

Significant features of the scalar spectrum

include structures near 1.5, 1.7, and 2.0 GeV/c?
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Charmonium decays provide novel insights into baryons
--- complementary to other experiments

JLAB, MAMI, ELSA, ..... JIy@') —BBM = N*, Ax3z=

LY M(nanamaq), p,Koo.) N, AN,Z 2
' 2Ry hx

N* A* .." 5 e

NN,AZ..) e pP.A, T, =

v’ Isospin 1/2 filter: 9 > NN,y > NNitrt

v Missing N* with small couplings to TN & YN , but large
couplingtogggN: Y > NNnt/n/n' /w/¢p, pEn, pAK ...

v"Not only N*, but also A%, X*, E*

v’ Gluon-rich environment: a favorable place for producing hybrid
(qqqg) baryons B B

v Interference between N* and N * bands in ¥ - NN Dalitz
plots may help to distinguish some ambiguities in PWA of TN

v’ High statistics of charmonium @ BESIII



Study of N* and =*

N*iny'—>n’% p

Events/(32MeV/c?)

Events/(32MeV/c?)

PRL 110, 022001 (2013)

, . .
— \||44 () °
- N{1520)
N(1535)
== M{1650)

M, #(GeV/e?)

New N*s: N(2300) and N(257
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= T

- B{240)
- (1720
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e
beml
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Events/(10 MeV/c?)

E* in y'>KAE

PRD 91, 092006 (2015)

*I 5(1690)) E(1820) |
r' :
o }

' | J g I 0

M(K A) (GeV/cH)
e PWA Of

o Jyly')>rp p
o Jyly')=np p
o J/y(y') —>pK A
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Charm physics at BESIII

Advantage of open charm at threshold
e*e” colliders@threshold:

ete- - Y(3770) 5 DD [C=-1] OR e‘e = y* = DOy [C = +1]

Good for charm flavor physics:
 Threshold production: clean
* Known initial energy and quantum numbers

 Both D and Dbar fully reconstructed (double tag)
e Absolute measurements

33



Mumber of Events

Measurement of B[D*>p*v], fy, and |V 4|

2.92 fbl data@ 3.773 GeV

+A— +MN)—
ete2>y(3770)=>D*D
Bl ird JCINAwd 2 AN PRD89(2014)051104R
000 ]
40000 (a) S (b) 100k () . ——Diz _ ]
S 1 o0} ] 10’ (Gan 409421 signals
] - | ey
20000 1 ool soof Do,
1T L Cther D decays
!! L! .. -‘ 2 I 1on DT processes ---.-. .
{d} 1 1 4000F 5 ’
4000+ . ] 5
DK K 10000 { so00f E
2000l . r | 2000f g
% | 1000} 0
] , &
] C 1 10000F 2
1ooool 1 w00} ] (1)
1500 F 1 g
soool 1 ook 1 sooof
500 F
1.32 I.ll'i-1- I;‘ifl! ] ..Hh' 1.82 ].;:-I ]‘I:f'r II.;:E : 1.82 ].;]-1 I:\f: 1l..l\}H '02 0 02 04 06
Myc [GeVie'] M2 [GeV¥ic!

Np, = (170.31+0.34) x10*

B[D*>utv]=(3.71£0.19+0.06) X 10

Input tp,, mp,, m,, on PDG and
;’:}%‘J'UD% ;“CD;P’(:\”ATF?E;;DG LQCD calculated f.,=207+4
od MeV[PRL 100(2008)062002]

fp,=(203.2+5.3+1.8) MeV |V ¢/=0.2210+0.0058+0.0047
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Comparisons of B[D*>u*v | and fp,

— (0.0393+0.00350.0009) %

fed (0.0371+0.0019+0.0006) %

CLEO—-c

BESIII

—— (0.038210.0033) % PDG2014
Uv+TV

1 1 | | | | | | | | | | | | | |

0.04 006 0.08 0.1

B[D* Spv]

—

209.0+9.3+2.6 CLEO-c

203.2+5.3+1.8 BESIII
PRD89 (2014) 051104 (R)

208.3+3.4 HPQCD
PRD86(2012)054510

212.610.4',) Fermilab Lattice+MILC
PRD90(2014)074509

200

250 300 350 400

fD+ [MEV]
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Events / { 0.17 MeV/c?)

Measurement of B[D'=>K(r)-e*Vv]

e'e” 9\|1(3770)9D0D0
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Measurement of f,K®(0)

fD%K(ﬂ)+(O)|Vcs(d)| ‘

Input V)| of CKM-Fitter

BES—II

e 0.78t0.0410.03
PLB597, 39

H 0.739+0.007+0.005 CLEO—-c
PRD80, 032005, 3.Par.Ser.

0.695+0.0071+0.022 BELLE
PRL97,061804, Mod.Pole

e

! 0.727+0.007+0.005 BABAR
PRD76, 052005, ISGW2

b 0.7368+£0.0026+0.0036
PRDS2 (2015) 072012
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F—~— 0.747+0.011+£0.015 HPQCD
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1 | | | 1 1 1
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PRD80, 032005, 3.Par.Ser.

— 0.624+0.020+0.007 BELLE
PRL97,061804, Mod.Pole

F— 0.610+0.017+0.011
PRD91 (2015) 052022
Babar, 3—Par. Ser.
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Faf PRD92 (2015) 072012
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F—o— 0.666+0.020+0.021
PRD84 (2011) 114505
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0.8
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Measurement of [V )|

Input tp,, mp,, m,, on PDG and

lculated o q,
= Method 1 B[D(y) ™ D1V] | il Ve
Input fP>X®_(0) of LQCD
= Method 2 fD%K(n)+(O)|VCS(d)| ﬁ VCS(d)

Method:D ! —u*v H

0.230+0.011 PDG2014 (VV)
- 1.009+0.040+0.020 CLEO—c us

CDHS, CCFR, CHARMITI , CHOR

L]
—r—

"‘I 0.22340.01010.004 HPQCD Calculation
PRDS86 (2012) 054510, CLEO—c (D T—ut*w)

Method:D }—1ttv

F—=— 1.015+0.030+0.018 CLEO—c

0.22540.006+0.010 HPQCD Calculation
PRD84 (2011)114505, CLEO—c (D —Tetw)

PRD89 (2014) 051104 (CHARM2012)

D*—1*
= average (D _ V) BESTITII (D’ —>n etw)
0.2155+0.0027+0.0095
PRD92 (2015)072012

H 0.2210+0.0058+0.0047 BESIII (D'—u*wv)

Method:D —Ketw

F—— g%‘é%ot-gyﬁoigﬁt HeocD iai 0.206:0.007-0.009
Based on CLEO—c&BaBar " E%Sf Erz)ofsr; 625‘2'%22
o 0.9601+0.033+0.0244 Lo v b v v b v b v v by
ESIII,PRD9L (2015) Q72012
! BESLIT FRDOIP (2015) Q7204 0.2 03 04 05 06 0.7
1 2

1
|Vcs| |Vcd|

Method 2 suffers larger theoretical uncertainty in f,22X®(0) [1.7(4.4)%] 38



Absolute BF for A_*>Ae'v

LQCD calculations on the BF ranges from 1% to 9%

ESIN
. preliminary (a) S\ 30 BES’” ' Umi.ss = Bis - C‘ﬁmiss‘
§ do pre“mmary Elﬂiﬁh = Eheam - E.‘\ - Eﬁ*
o - -’ C e
¢ Pmiss = Pyt = DA = Pet
@
- et 20
z clean A peak =
2 S
20+
£ 210 1094 + 109
liﬁ | a
! | >
a—adac] ==l —Lac . 0.2 Jt;L1 0 01 02
1.1 112 1.14 0. - :
M, (GeV/c?) U, (GeV)
0.57 fb'l data @ 4.599 GeV

B[A. "> Ae*v]=(3.7620.35%A, )% First absolute measurement
PDG: (2.0£0.6)% arXiv:1510.02610, Accepted by PRL

Test on LQCD calculations with significantly better precision 2



* Precise study of A_ decays

stringent test on Heavy Quark Effective Theory

— absolute branching fractions (BF) of A" decays suffers
from large uncertainties since its discovery 30 years ago

— hadronic decays:
to explore as-yet-unmeasured channels and understand
full picture of intermediate structures

. . R
— semi-leptonic decays: L |
. - & 100
test on form factor predictions = "}
—
E 50
BESIIT prel. 5 -
Decay modes | global fit B PDG B Belle B é
pKs 1484 0.08 | 1.15 = 0.3 | \ , _
pIK—mt 5.77 +0.27 | 5. rjj_ 1.57 @84 +0.247) 58 225 226 227 228 229 2.3
pK s’ 1.77 +0.12 | 1.65 46 ’// W/ M, (GeV/c?)
pKsmtm™ 1.43 + 0.10 | 1.30 +0.: rf/ 7).
pK ~wta? 4.254£0.22 | 34%+1.0 // v +
Amt 1.20 4 0.07 | 1.07 +0.28 B(pK~ m™): BESIII
Axt a0 6.70+0.35 | 3.6+1.3 precision comparable with
Anta—=at 3.674+0.23 2.6 +0.7 Belle’s result
307 1.28 +0.08 | 1.05 = 0.28
— + -
ST+ 70 118+ 0.11 | 1.00 4+ 0.34 v BESIII rate B(pK~—n™) is
Stata— 3.58£0.22 | 3.6£1.0 smaller
Ytw 1.47+0.18 | 2.7+ 1.0 . .
o I ~ v" Improved precisions of the
only stat. errors other 11 modes significantly

40



Proton form factor measurement

Phys.Rev. D91, 112004 (2015)

Analysis Features:

* Radiative corrections from Phokhara8.0 (scan)

* Normalization to ete" — e'*e’, e*e" >yy
(BABAYAGA 3.5)

* Efficiencies 60% (2.23 GeV) .... 3% (~4 GeV)

* | G¢/G,, | ratio obtained for 3 c.m. energies
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http://dx.doi.org/10.1103/PhysRevD.91.112004
http://dx.doi.org/10.1103/PhysRevD.91.112004
http://dx.doi.org/10.1103/PhysRevD.91.112004

o(e*e” — n'n ) and form factor

ISR Analysis using 2.9 fb! data at Y(3770): e'e™ > 77 ¥cr

1an— ' L L T pR 15— CrT T T —

= .ﬁt* —}— BESII . E — BES fit g

- i&’ﬁq "{‘, KLOEOs | aof- = dora -
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iﬂ 104]4}:— ¥t#§ ‘|:' KLOE 12 _: :35:— : BESIN _:

.-E B *tto- * —— BaBar 5 anf— =
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IT. : Hi 4,*-:* : 255 E
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‘u - & ] 20— —

i C a..&"’** ] g 1

" N - o E

2“(:];_' — II:lﬁfﬁ — GI? — : !‘5 — Dlﬂ — I[IlﬂE : Tﬁ%‘f '}; — IQE‘5 —— 0.7 — IDLS —— 0.8 — IDES — : 09

L B ™ 1 T T
* Babar Exp. a9 (600 — 900 MeV) [109]
—e | KLOE 12 BaBar 376.7 = 2'Ostat T 1'9sys
KLOEO8 368.9% 0.4, + 2.3, 00t 2.2, . oo
L KLOE 10
KLOE10 366.1+ 0.9+ 2.3, 00 2.2 theo
- . : KLOE 08
KLOE12 366.7 + 1.2, + 2.4 oo 0.8, oo
. BESII BESII  371.9+2.6,, 5.2,
I-E-EIiE ]!'D I I ’ lﬂ‘;ﬂl = IBLEI — I39||:|I = I395

— 378
a>"-9(600 - 900 MeV) [107'7)
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BESIIl upgrade

0 MDC: Malter effect found in inner chamber in 2012,
water vapor added to the chamber to cure the aging
problem.

* New inner chamber built at IHEP. Ready this summer.

* CGEM as the inner chamber ongoing : Italy group in

collaboration with groups in Germany, Sweden and IHEP.

[0 New ETOF (built by USTC & IHEP) just installed successfully
this summer to improve the time resolution (100ps = 55ps)
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BESIII data taking status & plan (run ~8 years)

Previous BESIII present & future
data

)

v

»

v

Above open
charm threshold

R scan & Tau

Y(2175)
v(4170)

BESII: 58 M
CLEO-c: 28 M
CLEO-c: 0.8/fb

CLEO-c: 0.6/fb
@ y(4160)

BESII

1.2B  (20* BESII)
0.5B (20* CLEO-c)
2.9/fb (3.5*CLEO-c)

0.5/fb @y(4040)
2.3/fb @~4260, 0.5/fb @4360
0.5/fb @4600, 1/fb @4420

3.8 — 4.6 GeV @105 energy points
2.0 -3.1 GeV @ 20 energy points

100/pb
3/fb (next run)

10B
3B
20/fb
5-10/fb
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