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BEPGH WA T.=CAOp v ery

Upgrade of BEPC (stoarted 2004, Design lumunosity: 1033 em 2 gt
furst collistons July 2008) Achwened: 81032 2yt

Beamw energy 1 ... 2.3 GeV Beam energy meosirement by
Optumuwmw energy 1.89 GeV Laser compton backscattering
Suygle beam cunrrent 0.91 A AE/E =5 *107°( 50 keV otz
Crossing angle: £11 wurad thuresiolo)

Energy spread: 5.16 x10-4



BESII: vcwvelatore et fuica
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MDC, 120 pm
c,/p=0.5% @1 GeV/c

colorumeter,
GE/E=2.5 %@ 1 GW
Large acceptance: 93% 4n

CsA(TL)
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Charmonimmm playsics
Chhorm Plhysics

L gt Hadwron Spectroscopy
QRCD & t1-Plhysics

Spuv Physics
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* + 104 energy pounty between 3.85 and 4.59 GeV
* + 20 energy pounty between 2.0 and 3.1 GeV
(ongotng)
. Direct produrction of 1 states studied with
worldly largest scan datoset
Highh liuminosity,clean ermwironument
Access to- precise measmrements of rove
processes. Key to- understonding of

exotic matter 5
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g SUl lninerr, Tracker wpgrade:
he

ESlll CGEM-IT

CGEM layer 3 Lengtiv of Hre Huree layers will be
E— 1 € 21 Y, B - 1Y/ b — > ightly ncremental wit He
CGEM layer 1 ' d radivg (lnner radivg 78 munm and
owter rodinsy 179 nuw).

cooling system

Each of the three detector layer is
composed by five cylindrical elements:
- one cathode (conversione/drift)

- three GEM (amplification)

- one anode (signal collection)

- Rate capability: ~10% Hz/cm? Key Innovations from KLOE2 CGEM base

* Spatial resolution: ¢,, =~100um : ¢,=~1mm * Analogue readout to reach the required
) 'I\E/'f(f’lggggyﬂ rfzggclyl;tlon Spl P =~0. 5% @1GeV spatial resolution

- Material budget < 1.5%X, all layers * Rohacell in the cathode instead

« Coverage: 93% 41 honeycomb—> thickness reduction

* Operation duration ~ 5 years  Anode design

Per i dettagli=> Presentazione di Mezzadri G. alle 18:50
IFAE2015 7



In June 2014 the CDR of CGEM-IT was released to BESIII collaboration

CGEM-IT milestones:

* to deliver to IHEP and deploy the assembled CGEM-IT at the beginning of 2017;

* to conclude the commissioning of the detector within the end of 2017.

CGEM-IT follow-up:

« 2018 first effective year of BESIII data taking including CGEM-IT information
CGEM-IT

The design “ ;. " E 3
The BESII CGEM-IT “ | HORIZON2020
DAQ & TRIGGER ay b
HV System -Slow control [ “

: I
FEE : On-detector “ Off Detector gy pes “
Software development “

Funding from H2020-MSCA-RISE 2014 PROGRAM for the 2015-2018
perodl
The consortinm (Ualian leadersivip): INFN, IHEP, JGU -Mainz, Uppsala




J. C. Collins, Nucl.Phys. B396, 161 (1993)
Collins FF (< Collins FF

Number density for finding a spinless hadron h produced
from a transversely polarized quark:

unpolarized FF
Dyi(z, Pyy) = Di(z, o —
(E X Ph_l_) * Sq

1
+ H; 1z, Pil

/f My,
Collins(Polarized) FF e
depends on z = 2E,/\/5, P BESI?

~__ sIDIS -
‘ @--T" @
| >
leads to an azimuthal modulation of hadrons 3-10GeV? 25GeV? 100GeV?

around the quark momentum (k)

measupement of Colling function e e - X
W not possiple being guark spin direction wnkinown
BUT
v ete ontn ®x
correlation between two- hadvrony un opposite jets resudts v
azumutnal angle modudation of the obpserved diedrron yielol

I[FAE2015 9




Gollings Asyminetries Measuiemivt in 0> X

Authors: Govrzia ., Guan Y., LU H., Lu X.

Hf(zl)fff(zﬂ
D1 (21)D1 (Zg)

sin? 0y
1 4 cos? 4

o~1+ cos(2¢)F {

Accessing the Collins Asymmetries:
measurement of cos(2d,) modulation of hadron pair

(N(2d,)) on the top of flat
distribution due to unpolarized
part of fragmentation function (<N>)8

The Favored fragmentation function is of
guark of flavor g into hadron with a valence
quark of the same flavor:i.e:u > t,d > ™
The Disfavored ->for u > 7~,d >t

In the two hemispheres, we can detect:
—Unlike-sign (UL)pairs (+m—) (fav x fav)+(dis x dis)
—Like-sign (L)pairs (m+m+ and mt—mr—) (fav x
dis)+(dis x fav)

—All Charged pairs (T )

Small deviations in Like and Unlike in data
indicate asymmetries

I[FAE2015

d,angle between the p‘I ne spanned by P2 and the
KBeam axis and the transverse momentum of thw

14 BESIII -
T MC Preliminary -
12F -
[© 0 o g o © ° &
8 o

1F 8 8 -

i 8 8
0.8F Toes o’ .
- ~Like sign -
0.6~ -<Unlike sign -
2 o0 2

2

q)0

Daniel Boé Y,
Nucl. Phys. B'806(2009) |

[arXiv:0804.2408v

one respect to the second hadron momentum 1

0



Golligs Asymametries Measwireming in ere = arX

Authors: Govrzia ., Guan Y., LU H., Lu X.

data @3.65GeV 12 71 ]
- MC :
11 -]
- i ]
To eliminate the acceptance effects and the :% L To— : * 1r_+__*___l___{__+ ! : P
first order radiative effects, o - .
a double ratio is built: 09 L ¥2 / ndf 15.57 /18 N
C po 1+0.0 i
i p1 0.005078 + 0.003965 .
08 L L 1 L L L 1 L L L 1 L
o -2 0 2 ,
I a cos(2¢g) + b, 0,
It contains only the Collins  ghould be consistent
asymmetry and higher order with 1 within the A -4
radiative effects statistical error uLie) = p

(v 3 synmumetrized z-ping)
I[FAE2015
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Caplingg Ayt ies Measurement tn ere—s nnX

-Preliminary uL
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Z; Q2 ~ 110GeV?

ot BESIIl are larger than Hhose ot
higher Q? at B factories
Thu trend agrmwvmwm‘ww

l-’_‘- “--“"_--_-““; Aﬂ % 3 .

The measured Colling asymmetris s
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Q2 ~ 20GeV?

FAz,2)
r06<z,<08

03<z,<04 __—  p 4
02<2z,<03 BES
10-2 1111 | | | | | 1111 | 1111 | 1111
02 03 04 05 06 z,
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XY Z stotes

Mawny unexpected states have been reported
abpove the DD Huweshold (XYZ). Several

. 5 | UES: exotie hypotiveses for their nature:

' tetraguaorks, hadvonic molecudes, hhybrids,

¥e2(2s) ng
Talk di Pilloni A.

Xeo(23P0) X stofes:
. v (1301)] e - C*H”V““omifkmm‘LLkXVS*ﬂ*ﬁ&’MFM%%/JEE¢ i
EEEEH ;; Observed un B decayys, pp and pp collistons
2y Vim e/s/.
3.6 —EEEE%E - tharmoniuwm-~Uike stotes witiv JFC =1--
Xl 19P%) - 0 ved U divrect ete— avundiidotion
PR o et e ”

38 |-

MASS [GeVic?]
3
?

T

Z stotes:
3.4 - tharmoniuwm-like stotes carryung electre clharge
- Mwst contoinmn at least a ce and. ao Ught 449, paiv

32 predicted, discovered

Jp(1%51) predicted, undiscovered

e —
[50) The BESIII dedicated progrom from
0+ 1= A+ 0% 1+ 2w December 2012 to- Moy 2014

IFAE2015



Non-trivial substructure un D
Plot: Resonant substructure un

J/b(= tO)n ™

very cean sample,
igh efficiency(@bout
45%)
Moain backgrovwnd :
corfunmmam v
4 charged prons

Events / 0.02 GeV/c?

10

= 1595 evin J /¢
- signal region

10 1

1 12

TR N T T T T [ TN N N A B
13 14 15 16 17 18

M?(*Jhy) (GeV/c?)?

1072

ttn"model: £(500), £(980), non-
resonant>good fub of mtn” mass projection
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100~
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[ Sideband

0
3233343536373839 4 4142

Events / 0.02 GeV/c?
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Choosing the heavier J/yr combination removes reflection
4'@ Fit with S-wave Breit-Wigner
We{37P2) 100 __ —+—Data |
F@ ¥e1(37P1) ‘:'52 i — Total fit
4.2 -7 — % 80 C ---- Background fit
W(23D4) 0] i == PHSP MC
- - + || sideband
W(35) g 60 _
o 40F P T
hi2 1Pyl ¥e2(2°Py) ,,g : 41 s
S :
= Xeol2%Pq) LI}J 20 4
W' (2984 0!
- N(2750) 3.7 3.8 3.9 2\)-‘-1.0
adn ] M__ (mtJAy) (GeV/c
E= max
ha(1'P4) Yer(19P) X2(1P)
+
3.4 T Xeol1%P) Ducovery of charged charmonimm -
Like structure Z,(3900)
al predicted, dscovered | | M = (3899.0% 3.6 + 4.9) Me\/c?
(%) oredioted, undiscovered | |1 = (46 £ 10 = 20) MeV
Synificance>8c
Gt = Ee R e 26 Close to DD* Threshold

BESIII: PRL 110, 252001 (2013) FAE20%= 15



- - ZC/(B CIOO)“-L

Belle with ISR data CLEO-c data@4.17 GeV
(PRL 110, 252002(2013)) (PLB 727, 366(2013))
70 > 353 { Data 6 l
~, 60 i :"a E 305— = :::ase Space -4+0
% jg _ ::‘:::;"d :g :Ef mm J/y Sidebands }
;: 30 © s
2 20 10}
= 10F 5 s
0 . : : 3860 3700 3800 3900 4000
3.7 3.8 3.9 4 4.1 4.2 M, ox(T=J/y) (MeV)

Mmax(wy) (GeV/c?)

Z.(3900) 5 J /Yt seen @BESIII, confirmed

by Belle and CLEO-¢ witiv compatible mass m / MeV I'/MeV
anol widt

Hos electric charge, conples strongly witiv BESII  3899.04+3.64+49 46+104+20
cehar, masy close to- DD* Haur (24 MeV/c?). Belle  38045+66+45 63424426
What s 4P CLEQc 3885+ 5+ 1 34+12+4
Necessory exotie (at least ccud). @
Tetraguark stofe? ‘
DD*molecde?

Which are sensitive propes? OQ

HMW&—OWW?
Patner of Z(3900)* ?Decay modes? 16



T8 nBtral Bospin poirtnr: Z(3900)°

New: observation of the Zc(3900)° decaying into ° J /1 BES]]I
in ete” > %% ]/ (2.8 fblin [4.19-4.420] GeV)
preliminary

.
]

oo

T

4230 GeV 4.360 GeV

4.260 GeV

BESIII
preliminary

(=1
T

BESIII
preliminary

BESIII
preliminary

Events / ( 0.01)
=

Events / ( 0.01)

Events / ( 0.01)
=

3.8 4.0 4.2 3.8 4.0 42 18 4.0 4.2
M(m"J/y) (GeV/e?) M(n%J/y) (GeV/ch) M J/y) (GeV/cd)

A structure in n°Jly invariant | CLEOC data at 4.17 GeV (PLB 727, 366)
mass spectrum observed:
M = 3894.8+2.3+2.7 MeV
I'=29.6+8.2+8.2 MeV
Significance >10 ¢

. . . . 0: ﬁu )
l SOSPAMN ‘{"V(/P/Le)f’ Y Wb/{/w{/\/e/ou IFAE2015 3600 3700 3800 3900 4000 17

Monax(0J/) (MieV)

" ¢ Data (a)
10 Phase Space

- — Fit

@ J/y Sidebands

Counts /15 MeV




Oanmwof Z(3885) Ui efe” = m=(DD*)"

Ao @ /S = 4.26GeV"  PRL 112, 022001(2014)
Single tag analysis:
recovstruect nt/ - and D° - K- ntor

- Dt > K*tn m~
regudiie D U missing maoss
Veto- ete™ —» (D*D*)°
apply kinematic fit look un mass

recoling agaivst ™/ - % L
Evdrnancement ot DD* Hureshold ( 3.85 3.90 3.95 4.00 4.05 410 4.15
poth channels, - M(D°D*) (GeV/c?)

M = 3883.91+1.5+4.2 MeV, I

= 24.8+3.3 +11.0 MeV

(fit with BW function)

%

—h
@ O
LI |o| T IOI

N b
oIIOIIIOIII

data clearly favour JP = 1*for this DD* structure

The massy and widtiv compatible witiv FLe
Z,(3900)* within 20 and 1o respectvely!  3.85 3.90 3.95 4.00 4.05 4.10 4.15
Quanfum number determination of M(D*D*") (GeV/C2P
Z (3900)* needed FAE2015 ’

Events / 4 MeV/c?
D
(o]




Z (3386) (mgete” > @t (DD with dowble D—-fa,é metirool

BESTT
:

preliminary _ _
ete —>n*DOD*" ete” o> mtD” D*0 \V
o L 1090 pb 1@4 23GeV D l 1090 pb 1@4 23GeV e—»Le
> 401 4= |
= [ p= D" D"(67.7+0.5 %)
S I S K
<0 S
2 2 MethooiTag the Bachelor
2 z 7 and DD in 4 or 6
: decay-modes
0 3.95 4 4.05 4.1 . 5.95 4 4.05 4.1 ) . .
M(DD") (GeV/c?) m(um )(GLV/C) requive 7 from D"
g ' 7 Musing mass

| 827 pb1@4.26GeV -

93]
<
T T

827 pb 1@4 26GeV ]

(%)
=]
T T 171

2 2 | apply kinematic fit;
L o [ i ;

2 of =N : (ook' in mass

= ST recoiling against 7

50f 50 umproved stotistics,

m o[ I 1w+ muciv better control
B9 50 4 405 4l 0 : 95 4 405 Al over MV ound shape

M(D’D") (GeV/c) M(D'D ) (GeV/c?) umproved systematics

M = 3884.3+1.2+1.5 MeV, Compatible witiv sungle D tag resudts but
[=23.81t2.1 2.6 MeV sgndfieoantly more precuse. . JP = 1* confirmed
19
IFAE2015



Disoovemy of ZY4020)* in &5 ra-h (1 P)

Exclusive reconstruction:
h, (1 P>y, (1S) E1 travysifion and 1, >16 hadronic decay clhravunels

Simultaneous fit to 4.23/4.26/4.36 GeV data and 16 n, decay modes.
A tharged charmonivm-Uke structune, Z,(4020)*, Ly observed.

© 120

%

S 100
M = 4022.9+0.8 +2.7 MeV, A
[ =7.942.7 +2.6 MeV S sof
Synifueance>8.96 % col +
Close to- (D*D*)tresiolol 3 ) 2 g

: + ' M., (GeV/c?)
BW"‘AVgM/S/WfOV ‘ l v [ 4230 +4260+4360 MeV
9 4.15 420 425
. . M_, (GeV/c)
Not significont Z,(3900) ) +— nth, (<2.10) Norm.sidebands “

PRL 111, 242001(2013)
Upper lumit o Z3900)+ produrction crossy section at Vs=4.26 GeV:
o(ete™ — Z,(3900)"n~ — h.rT7~) < 11pb (at90% CL)



- e - TTAZ (4020)° - TPl (1P)

e 2.8fbt datw at 10 energy pounts from 4230~4420 MeV PRL 113, 212002
o Z (4020)° Uy opserved clearly at: E, =4230, 4260, 4360MeV (2014)

45

Events/(0.01GeV/c?)

39 395 4 405 41 4.
M (GeVid)

M = (4023.6x2.2+3.8) MeV/¢?
Z (4020)°

M, (4020) (4022.9+0.8+2.7) MeV/c>

Iz (4020) fuxed @ [z 4020y

sgnifieonce>5c

90

2 %
L: 80t G(e+e_—)TC+TC_ hC) BES]]I
= = - 0.0
g 705 o(ete~—n’n® h,)
« 60
] -
e 50
ot =
g 405—
R 30
201 l
10 ]
0: ) I N B SR S
4.0 4.1 4.2 43 44
Ecm(GeV)

o(ete —ontn h,) ~ 2 o(ete=—nn® h))

v agreement withv Bospin
covservotlon withun 26

An Bospun triplet for Z,(4020) hay also- been obpservedd

21



O > RZ (4025) — 1= (D*DX)+0i6) @ 4.260 GeV

Pourttol recovustruction fechuwmigue

80 3 —4—data = —-Z.(4025) Only the bachelor 77—, the D* decaying from
& 700 —— total fit comb. BKG | D** — D* gland at least one soft 7%from D** —» D* 7©
g 50 -827pb - PHSP signal | Or D*® — D%x0 decay are reconstructed.
= 50% A structure near (D*DF) Hureshold (s
TR observed v n-recollimass distrlpuwtion
N 40F
= 30}
2 ol M = (4026.3+2.6+3.7) MeV/¢?
¢ <V I = (24.8+5.7+7.7) MeV/c?
W 10F >1006

4.02 404 406 4.08
RM(r) (GeV/c?)

o(ete— (D*IS*)++C.C.) =
(137£9%15) pb

_o'e>nlZiow (D*D*)*+c.c.) _

R —
o(e*e— n (D*D*)*+c.c.)

(65+£9+6)%

The mass ano widtiv compatible
withv Z (4020)* withvin 1.56, but

Spin analysis with higher
statistics needed.

PRL 112, 132001 \)



- & BESI: zZ, stotes

. Decoy
Stote Mass{MeV) WidtH(MeV) Process
mole
Z.(3900)* 3899.0+3.6 +4.9 46410 20 /U ete ST/
Z.(3900)° 3894.8+2.342.7 29.61+8.2+8.2 0/ e*e SO0/ Y
3883.9+1.54+4.2 24.8+3.34+11.0
7 (3885)* [single D tag] [single D tag] DOD*- ete>n*DOD*
c 3884.3+1.24+1.5 23.84+2.1+2.6 D-D*O0 ete > tD-D*O
[double D tag] [double D tag]
Z.(4020)* 4022.9+0.8 2.7 7.94+27 £2.6 nihc e*e>n'nh,
Z.(4020)° 4023.91+2.2 +3.8 fixed noh, e*e >nonth,
Z.(4025)* 4026.3+2.6+3.7 24.8+5.647.7 D*0D*-  e*e>*(D* D*)
States must contain at least 4 quarks Are the Z(3900)/2(4020) and Z(3885)/Z(4025)
.Many theoretical interpretations: the same states?
- Tetraquarks (L. Maiani et al., PRD71,014028) » Determine the JPC (Angular analysis).
- Hadronic molecules (Dubynskiy et al., PLB666,344) * Search for more partner states.
- Hadro-charmonia (Voloshin, arxiv:1304.0380) * More decay pattern on both open/hidden

charm channel. 23



Sww

= BESII he roccolin welevote stotustiea du
+ J/y, y(2S), y(1D)
- XYZ
e R-scan
s Molte analisi sono- ancora Uv corso ..
Presto vi seranno novi ruvdtot

= BESI sto ancora raccoglendo datl o basse energie
per fure R-scan
" Cusoattende da BEPCI uwna magglore lumiunositar
» Probabuldmente UL prossimo anuno-:
» Scan alla y(2S) per determunare la fase relative tra
Campiezza di decadimento forte ed e come fotto per Lo J/y
» Ultertore statstica per e —>A A, o soglia

* Upgrade and R&D:
- BESII CGEM-IT
« ASIC R&D per L CGEM-IT Analogue Readowt

I[FAE2015 24
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R(Z.°/n°r° /) and nPn®)/y cross section

R(Z /1’1" Jhy)

R(Zn0m03/y)=N(Z2(3900))/N(n°n®J )

1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0.0 =

BESII

preliminary

Born Xsec (pb)

50 F

40 |

30|

10

| BESTI

preliminary

Ey (GeV)

26



R and cross sections

N(Z.2(3900))/N(n°z°J/y) and n°r°J/y cross section at each

energy point. BESIT
i preliminary
Eem GeV| R(Z./n%7J /) | Obs. Xsec (pb) Born Xsec (pb)
4.260 [0.14 +£0.03 £0.01{23.68 & 1.04 £1.75(28.95 +1.27 £+ 2.14
4.360 [0.21 +£0.06 £0.01{15.00 = 1.10 £1.11{14.57 & 1.07 £ 1.08
4.230 [0.27 +0.03 £0.01{30.28 +1.02 £ 2.24(37.61 4+ 1.27 £ 2.78
4.190 < 1.00 9.45 4+ 3.00 £ 0.70 |11.37 £3.61 £ 0.84
4.210 < 0.65 20.79 £+ 3.85 +1.54|25.54 +4.73 - 1.89
4.220 < 0.41 21.60 £3.82+1.60|26.74 £4.73 £ 1.98
4.245 < 0.30 34.24 +4.69 £+ 2.53|42.38 £5.80 £ 3.14
4.310 < 0.30 22.04 £4.16 £1.63|24.17 £4.56 = 1.79
4.390 < 0.55 7.56 £2.53 £ 0.56 | 6.93 £2.32 £0.51
4.420 < 1.00 2874+2.13+0.21 |2.52+1.87+0.19




