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OUTLOOK!
	



Ø  BESIII @ BEPCII	



Ø  PHYSICS ANALYSIS AND PROPOSALS BY ITALIAN TEAM	



Ø CYLINDRIC GEM INNER TRACKER:	


§ THE PROJECT & THE TEAM	


§ STATUS OF CONSTRUCTION	


§ TEST BEAM AT CERN	


§ THE PLAN	



Ø   ZDD STATUS	


Ø   SUMMARY	
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       BESIII       &         BEPCII!

5 
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THE INFN BESIII GROUP !

7 
 as presented to CSN1 last September  	



LNF staff personell at today: 
4 researchers/technologist (3:1) 
1 senior associates (at IHEP now)    
1 senior guest 
1- 1year contract (RISE) in 1 months 
total of 4 FTE 
 
Technological staff at LNF:  
1 (0.3 FTE) LNF-SPAS (KLOE2)    à 
2 (0.1 FTE)  from RM1-KLOE2 à 
1 IHEP (KLOE2) leaving in October à 
1 DUBNA (KLOE2) leaving in Augustà 
help  from TO & FE 
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+ 104 energy points between 3.85 and 4.59 GeV (XYZ) 	


+ 20 energy points between 2.0 and 3.1 GeV (just finished) 
for RQD and hyp form factors/xsections  at @ threshold	


+  Y(2175) ongoing 	


Direct production of 1−− states studied with world's largest 
scan dataset	



the world’s largest scan dataset of J/ψ  ψ(2S) ψ(3770)   
   XYZ states  
     R-QCD studies   
        will run at least 8 more years !  8 

2.9 fb-1 / 20 fb-1 

0.6 B / 3 B (106 M) 

1.3 B / 10 B (225 M) 

                        BESIII DATASET FROM 2009-TODAY!
data for XYZ studies (5fb-1)	



8 
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PHYSICS HIGHLIGHTS!
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PHYSICS HIGHLIGHTS!

Zc
+- (3900) and its neutral partner 

discoverd at BESIII and many more 
new states ! Tetraquark ?!  
Prof. MAIANI visiting IHEP in this days 
to collaborate with BESIII group to find 
energies where may be there are other 
new states and understand their 
nature     



Physics	
  analysis	
  and	
  proposals 



B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

12 

 
Ø Br (J/ψ à nnbar, ppbar)   published 2012 
Ø Br (ψ’ à nnbar, ppbar)       advanced draft stage 
Ø J/ψ c.m. scan (16 points) for e.m. and strong decay amplitude phase 
measurement 

•  e+e+ -> J/ψ -> µ+µ- , π+π-, π+π-π0,  π+π-π+π-, pp , K+K-,  ΛΛ,  ΣΣ , K0
SK0 

L 

      advanced draft stage / internal referee review  
     first measurement of this kind  
            

Ø proposal: ψ’ scan for e.m. and strong decay amplitude measurement approved 

Ø proposal: baryons and hyperons cross sections at threshold, 
                 data partly already taken in this run    
 
Ø measurement of Collins asymmetry in inclusive production of pion pairs           
advanced draft stage 

 

 

 

 

PHYSICS ANALYSES AND PROPOSALS FROM LNF-TO-FE TEAM!
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J/ψ Strong and Electromagnetic Decay Amplitudes 

Resonant contributions 
ΓJ/ψ ~ 93KeV  → pQCD 

pQCD: all amplitudes are real [1,2] 

Maximum interference -> Фp ~ 10° [1] 

Non-resonant continuum 
pQCD regime 

AEM  ∈ℜ 

[1] J. Bolz and P. Kroll, WU B 95-35. 
[2] S.J. Brodsky, G.P. Lepage, S.F. Tuan, Phys. Rev. Lett. 59, 621 (1987). 

Strong → A3g 

Electromagnetic → Aγ 

Non-resonant Continuum → AEM 

hadrons 

hadrons 

hadrons 
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J/ψ Strong and Electromagnetic Decay Amplitudes 

•  If both A3g and  Aγ are real, they must interfere (Фp ~ 0°/180°) 

•  So far, experimentally (model dependent results) Фp ~ 90° → Imaginary strong 

amplitudes hard to explain!  

• Model independent test: look for interference pattern between the resonant 

amplitude and the non-resonant continuum through a c.m. energy scan around and at 

the  J/ψ peak  
  

1
4 
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Ø Exclusive scenario: could see interference effects 

•  e+e+ -> J/ψ -> µ+µ- 

• e+e- -> J/ψ -> π+π-π+π- 

• e+e- -> J/ψ -> π+π-π0, 2(π+π-)π0       

• e+e+ -> J/ψ -> pp    

• e+e+ -> J/ψ -> K+K-,  ΛΛ,  ΣΣ , K0
SK0 

L	



 

Investigated Processes at BESIII (LNF-PG, TO, FE, IHEP)  

1
5 

E.M. processes : full interference expected  

Preliminary results  
Analysis completed, memo   
 under referee committee review 

Very preliminary results  
Analysis in good progress 
preparing  memo   

Ø Data taken at  16 points below, at and 
above J/ψ peak, after Italian team 
proposal to BESIII Collaboration   

J/ψ Strong and Electromagnetic Decay Amplitudes 
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φ ~ 90° 

φ ~ 0° 

J/ψ → π+π-π+π-  

φ ~ 0° 

J/ψ → µ+µ- 

φ ~ 90° 

Interference observed 
between Aγ and  Ac 
 as expected 

No interference observed 
between Astrong and    Ac  
for 3π and 5π and 	


ppbar, confirming             
J/ψ→ppbar,	
  nnbar	
  	
  	
  BESIII 
result	


 	



Preliminary results  

J/ψ Strong and Electromagnetic Decay Amplitudes 
preliminary results 

 

φ ~ 90° 

J/ψ  → ppbar 
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OTHER VECTOR CHARMONIUM PHASES ?  !
Ø ψ’(3686) 

Ø ψ’’(3770): :

Proposed by Italian group a data taking scan below, at and above 	


the ψ’ peak to directly measure the phase.	



 Approved by the Collaboration to be taken in 2016 run	



•  If the relative phase between vector charmonium  E.M. and strong amplitude  is 

different from 0°, something important is lacking in the present charmonium 

description:

Ø  A model of quarkonium OZI breaking decay developed to justify the 

anomalous phase. 

Ø   kkbar anomalalous phase related to G-parity violation ? 



Baryon-­‐An2barion	
  cross	
  sec2ons 

1
8 
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preliminary 
ΛΛ

nn

•  Neutral baryons: hints of non-zero cross section at threshold |G|=1	


•  Charged baryons: hints of non-isotropic cross section at     	



             threshold à |Ge/Gm| # 1 	


•  Unexpected D-wave contribution at threshold?	



                             	



 UNEXPECTED BEHAVIOUR OF BARYON-ANTIBARYON AT THRESHOLD? !

•  First measurement of          at threshold, BESIII result preliminary  Italian group proposal	


•  We requested more data for              at  W=4575MeV at threshold to improve Ge/Gm error 	



ΛΛ
ΛcΛc

ΛcΛc

preliminary 
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BESIII PROTON FORM FACTOR MEASUREMENT!

2
0 

submitted to P.R.D, arXiv:1504.02680(2015)
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 THE CGEM INNER TRACKER STATUS!

      The BESIII Cylindrical GEM-IT:	


–  innovations and peculiarities	


–  construction of the cylindrical layer	


–  Team , Project & Schedule	


–  planar prototype:	



•  test setup @ LNF	


•  CERN test beam	
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THE MULTILAYER DRIFT CHAMBER INNER TRACKER!
•  MDC performs momentum and dE/dx 

measurement for charged particle identification.	



•  Spatial resolution is 130 μm in r-ϕ plane) and 2 
mm in the z-coordinate.	



•  Inner and Outer MDC are two separate 
chambers sharing the same gas volume.	



The increases of the luminosity is speeding 
up the aging the the inner tracker (IT).	


	


The gain of the innermost layers is 
decreasing of about 4% per year of data 
taking.	


	


. BESIII will run at least up to 2024 a 

replacement is needed 
23 2
3 
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THE CGEM-IT!

beam-pipe 

Three layers of CGEM for BESIII 

       A cylindrical triple GEM 

                    Requirements 
Rate capability: ~10 KHz/cm2  
Spatial resolution: σxy =~100µm : σz=~1mm 
Momentum resolution (INNER+MDC): σpt/Pt =~0.5% @1GeV 
Efficiency = ~98% 
Material budget ≤ 1.5%  all layers 
Coverage: 93% 4π 
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BESIII IT DESIGN VS KLOE IT DESIGN: INNOVATIONS!
u  rohacell (structure instead of honeycomb+carbon fiber ) used to give mechanical rigidity 	


u  anode design: XV readout with jagged-strip layout to decrease parasitic capacitance	



X 570µm strips, V 170µm stereo (31°-33°-47°) strips,  650µm pitch wide	


u  analog readout to achieve the required spatial resolution with a limited number of channels (charge 

centroid)	



12.5 μm Kapton	



12.5 μm Kapton	



12.5 μm Kapton	



1 mm ROHACELL 	

 BESIII	

 KLOE-2	



# of X0 for 1 layer	

 0.33	

 0.49	



# of X0 for 3 layers	

 0.99	

 1.47	


1 mm ROHACELL 	



KLOE strips implemented on 
KAPTON multilayer PCB 

cathode foil wrapped on the 
rohacell 	



COMPASS structure JAGGED structure	


≈ 30% inter-strip capacitance 

reduction (simulation) 
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FRONT END ELECTRONICS !

GOALS	


u  Spatial Resolution ≤ 100μm	


u  Time Resolution ≈ 1 ns	


u  Dead time (shaping + analog-to-digital conversion) ≤ 1μs to limit pile-up probability at a few %	



ANALOG READOUT WILL BE USED TO MEASURE STRIP CHARGE	


u  Charge centroid measurements à improve spatial resolution (with respect to the ≈ pitch/√12 of the digital ones).	


u  Two thresholds: on single strip and on total charge à better S/N	


u  Moderate strips pitch (650 μm) à reduced number of channels (≈ 10 kchs)	


u  6-8 bits of fast digitization for each channel required à new ASIC development	



NUMBERS
a 10�000�CH���Æ a 160�ASICs��Æ a 80�PCB

10�ROB��Æ 2�CB

S . M A R C E L L O
B E S I I I  M E E T I N G
B E I J I N G
J U N E  4
2 0 1 4
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• ONͲDETECTOR�electronics
Preamp�boards�located�on�the�detector�to�preserve�the�S/N�ratio

• OFFͲDETECTOR�electronics
Readout�boards�and�Concentrator�boards�as�close�as�possible�to�the�detector

OVERALL DESIGN

DAQ
Preamplifier�Boards�

128�channels
Preamplifier�Boards�

128�channels
Preamplifier�Boards�
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Data�Conversion

Trigger�Primitive�
Generation

48�chs�board
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48�chs�board

Data�Conversion
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Generation
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Data�Conversion
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48�chs�board
a 10�m�
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48�chs�board
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48�chs�board

Data�Readout

1024�chs board

Preamplifier�Boards�
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a 80�cables

10
DATA�READOUT�BOARDS

DATA

DCS

2Gbits/sec

100�Mbits/sec

Concentrator�
Boards
DAQ�

Concentrator�
Boards

Concentrator�
Boards
DCS

Concentrator�
Boards

2
CONCENTRATOR�BOARDS

ONͲDETECTOR�ELECTRONICS
a 10�000��CHANNELS

OFFͲDETECTOR�ELECTRONICS

FEE�BLOCK�DIAGRAMFEE�Architecture�inherited�by�KLOEͲ2�experiment

Preamplifier boards located on the detector preserve S/N ratio 
     Data Readout Boards and Concentrator Boards  
          as close as possible to the detector 
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ASIC (from TOFPET development) 
     64 channels 
          0.5 – 60 fC Input Charge 
                CIN MAX ≈ 100 pF 
                     ≈ 60 kHz average input rate 

PREAMPLIFIER BOARDS (TO)!

DAQ
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128�channels
Preamplifier�Boards�

128�channels
Preamplifier�Boards�
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Data�Conversion
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48�chs�board

Data�Conversion

Trigger�Primitive�
Generation

48�chs�board

Data�Conversion
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Generation

48�chs�board

Data�Conversion
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Generation

48�chs�board
a 10�m�

Data�Conversion

Trigger�Primitive�
Generation

48�chs�board

Data�Conversion

Trigger�Primitive�
Generation

48�chs�board

Data�Conversion

Trigger�Primitive�
Generation

48�chs�board

Data�Readout

1024�chs board

Preamplifier�Boards�
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a 80�cables

10
DATA�READOUT�BOARDS

DATA

DCS

2Gbits/sec

100�Mbits/sec

Concentrator�
Boards
DAQ�

Concentrator�
Boards

Concentrator�
Boards
DCS

Concentrator�
Boards

2
CONCENTRATOR�BOARDS

ONͲDETECTOR�ELECTRONICS
a 10�000��CHANNELS

OFFͲDETECTOR�ELECTRONICS

FEE�BLOCK�DIAGRAM
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READOUT BOARDS

DAQ 
ECS 

Section 

Receivers  
Latency Buffers 

section 

FEX 
Readout Buffers 

section 
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r 
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pp
ly
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ct
io

n 

EUROCARD 3U 

EUROCARD 6U 

Collects�up�to�8�
cables�from�

preamplifier�boardsOptical�links
to�DAQ/DCS

Transition�BoardReadout��Board

INFNͲLNF

INFNͲLNF

2013 JINST 8 C02050

Figure 2. Overview of the channel architecture. The use of two independent signal paths for independent
timing and energy measurements was proposed in the past by other authors (e.g. [9]). The analogue input to
the energy branch discriminator may be a filtered version of the amplified signal.

On the other hand, the time jitter due to the scintillator statistics is overcome by setting this
threshold as low as possible (down to 0.5 p.e.). We refer to it as Vth T , applied to the timing dis-
criminator and generating a trigger pulse called DOT .

A second discriminator is set with an higher threshold Vth E . The energy discriminator has
two purposes: validation of events (i.e. dark count rejection) and provision of a second time stamp
used for time-over-threshold measurement. If DOE goes high, the channel logic considers the hit
as valid and its falling edge is polled.

The channel logic is embedded in a mixed-signal dual time-to-digital converter (TDC), which
provides a 50 ps resolution time stamp for both the rising edge of the Timing Discriminator output
(DOT ) and the falling edge of the Energy Discriminator Output (DOE).

Figure 2 sketches the structure of the described readout chain. For every energy event, these
data are saved into a buffer and a valid hit flag is issued. It will further be collected by the chip
global controller in a round-robin scheme, multiplexed, packed into frames and output with a dif-
ferential serial link.

3 Front-end circuit

The channel front-end includes a pre-amplifier acting as a current conveyor, two transimpedance
amplifier branches and two independent voltage-mode discriminators. The first stage is a regulated-
gate cascode (RGC) that conveys the signal from a low input impedance node into a high impedance
output. If the feedback loop is a common-source circuit, then the MOS transistor amplifier becomes
the dominant noise contributor [7]. The advantage is that the input impedance can now be trimmed
without affecting the noise performance of the front-end.

Implementing the RGC input stage with a differential amplifier (as shown in figure 3) cuts the
stage bandwidth with respect to a common-source feedback, but it allows an easy adjustment of
the input node DC bias (6-bit, 500mV range) for fine SiPM gain trimming. Again, this adjustment
is uncorrelated with the total noise at the output. In such implementation, the main contributors to
the total output noise voltage are the differential pair input transistors.

Due to the stray capacitance of the SiPM (typically Cd = 30pF/mm2 of active area), the input
resistance Rin of the front-end is required to be low. More than acting on the bandwidth (lowering

– 3 –

DESIGN INFERRED FROM TOFPET ASIC (development for medical 
applications – TO)	


u  Time and Charge measurements by TDCs	


u  Time over Threshold (ToT) charge measurement	


u  Double threshold discrimination	


u  Time resolution ≤ 1ns	


u  Energy resolution ≤ 0.5 fC	


u  Technology UMC 110 nm (CGEM)	


u  Two ASICs per preamplifier board	


u  ≈ 80 boards	
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10 Data Readout Boards 
      1024 channels/board 

DATA READOUT (FE-LNF) & CONCENTRATOR (UPPSALA) BOARDS!

Data Readout	


Board	



1024 chs board	
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READOUT BOARDS
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Data Readout	



Board	


Transition Board	



Readout Boards must match the ASICs data driven architecture with BES DAQ based on L1 
trigger and 6.4 (nominal) latency time	
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FE-LNF	



2 Concentrator Board 
      5000 channels/board 
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HV DISTRIBUTION SYSTEM 
     6 Distribution Boxes (2 boxes x layer) 
          2, 4, 6 Macro-Sectors per side 
                20, 40, 60 micro-sectors per side 
                

HV DISTRIBUTION (LNF)!

HV SYSTEM
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TOWARD THE CONSTRUCTION OF THE 
FIRST CYLINDRICAL LAYER !



CGEM Construction Tools


•  Assembling of the cylinders is performed vertically à A dedicated  machine has been 
designed and realized for KLOE2 by INFN-RM1 technical staff now beeing modify to host 
BESIII cylinders by same technical staff, thanks to RM1-INFN workshop. 	



•  Axial alignment has a precision of 0.1mm/1.5m.	


•  The structure can rotate by 180° around its central horizontal axis one into the other.	



To obtain cylindrical 
electrodes the foils are 
wrapped around molds, 
one mold for each of the 
5 electrodes.	



consttruction and  assembling procedures inherited by KLOE2 experience  



Cathode construction (FE)

•  12.5 micron kapton foil 

around the aluminum mold; 
that is the most critical part.	



•  the Rohacell plane is glued 
under vacuum on the kapton.	



•  the Rohacell plane is machined with 
a high precision milling machine.	



permaglass frames




GEM testing and planar gluing (LNF)


GEM	
  produc+on	
  HV	
  quality	
  test.	
   
A9er	
  visual	
  inspec+on	
  ,	
  	
  HV	
  test:	
  	
  

•  <1	
  nA	
  @	
  600	
  V	
  	
  
•  <2	
  discharges/30mins	
   

Microscope pictures of 
GEM defects 	



two foils are spliced together 
then glued in vacuum bag 	



GEM foils arrived 
from CERN	



Epoxy glued by hand on 2mm wide line	





Cylindrical  
GEM assembly (LNF)


•  GEM cylindrical assembly in the INFN-
LNF clean room	



•  The three CGEM cylinder for the first 
layer are ready on their molds in LNF.	



•  Cathode is ready in Ferrara	


•  Plan to move to the vertical assembly 

this summer.


planar preparation of the GEM foils"

vacuum cylindrical gluing"

Cylindrical GEM electrode ready"

permaglass frames




Cylindrical  
GEM assembly (LNF)


•  GEM cylindrical assembly in the INFN-
LNF clean room	



•  The three CGEM cylinder for the first 
layer are ready on they molds in LNF.	



•  Cathode is ready in Ferrara	


•  Plan to move to the vertical assembly 

next summer.


vacuum cylindrical gluing"

Cylindrical GEM electrode ready"

permaglass frames
The first three Cylindrical GEM ready "

Cathode ready"



CGEM: The Team, 
 Project status and schedule 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The CGEM team 

The INFN group is leading the development of the CGEM-IT



•  Together with INFN (LNF-PG, Ferrara, and Turin) and IHEP, 

•   Mainz and Uppsala are officially part of the project.


•  Sharing of responsibilities:


–  INFN: design and construction of the detector and electronics

–  IHEP: gas system, slow control and all the software developments 

needed to readout and integrate the detector into the DAQ

–  Mainz: high voltage system and participation to the ASIC foundry 

cost.

–  Uppsala: data concentrator
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June 2014: Conceptual Design Report

1.   Introduction


1.  The present BESIII Inner Tracker

2.  Luminosity Issues


1.  Present and expected backgrounds

3.  Inner Tracker Upgrade Requirements


2.  Detector design

1.  Operating principle of a triple Cylindrical GEM detector


1.  The KLOE2 Inner Tracker: know-how and first results

2.  BESIII CGEM innovations


1.  Rohacell

2.  Anode design

3.  Analog vs. digital, expectations and measurements


3.  The BESIII CGEM-IT

1.  CGEM-IT vs DC-IT

2.  Mechanical Design

3.  Tooling and Construction


4.  Simulation of Cylindrical GEM Inner Tracker

1.  Parametric Simulations (Liang)

2.  CGEM-IT full Offline Reconstruction


1.  Pattern Recognition

2.  Tracking

3.  Acceptance, Resolutions and Reconstruction Efficiencies


3.  Monte Carlo simulation results

1.  Physics Benchmark


5.  Front End Electronics	


5.  Requirements	



5.  Power Consumption	


6.  System Block Description	


7.  On-Detector Electronics	



5.  ASIC	


8.  Off-Detector Electronics	



6.  DAQ and Trigger	


5.  Requirements	


6.  Dead time and bandwidth	


7.  Possible second level trigger future upgrades	


8.  Storage	



7.  Integration of the CGEM-IT with the Spectrometer	


5.  Mechanical design	



5.  Interfacing with beam pipe	


6.  Interfacing with Outer DC	



6.  Power Dissipation and Cooling	


7.  Gas Systems	


8.  HV Systems	


9.  Slow Controls	



8.  Money, manpower, schedule, task subdivision…..	
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External fundings

INFN-MAE-IHEP 2013-2015 CGEM PROJECT 
•  Design, construction and test of a CGEM 

prototype with analog readout, to be used as 
the first layer of a new CGEM IT for BESIII, 

•  Recognized as a Great Relevance Project within 
the Executive Program for Scientific and 
Technological Cooperation between Italy and 
P.R.C. for  2013-2015.  

•  total budget ≈ 360.0K€  
 
. Horizon 2020 MSCA RISE (Research and Innovative Staff Exchange)  2014  



Project Schedule


finalize the detector design


R&D and simulation for detector design


begin detector construction  


complete construction


installation


commissioning and data taking


QC and test


2018




2017




2016




2015




2014  
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         PLANAR DETECTOR TEST PROTOTYPE !
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The BESIII-
(COMPASS-)type test 
chamber	



4 KLOE  	


tracking 	


chambers	



The	
  new	
  BESIII-­‐type	
  planar	
  (10x10	
  cm)	
  test	
  chamber:	
  
X-­‐	
  and	
  Y-­‐strip	
  planes	
  
128	
  strips/plane	
  	
  	
  
read	
  out	
  by	
  2	
  APV25	
  chips,	
  yielding	
  128	
  charge	
  values,	
  for	
  27	
  +me	
  
samples	
  (25	
  ns	
  apart)	
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THE PLANAR PROTOTYPE & THE TEST BEAM AREA @ LNF!

Cosmic telescope setup @ LNF : 	



New BESIII test chamber (10x10 cm2) compass-like.	



4 KLOE-type planar chambers (Thanks to  KLOE2 people) X-Y ortogonal views 	



4
3 
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44 

The BESIII prototype 

Forward 
Tracking 

Backward 
Tracking 

GOLIATH

Planar prototype tested at CERN SPS 
beam last December to test a planar 

prototype inside a magnetic field.


•  validate analogue readout	


•  validate Garfield simulation

•  test different gas and 

geometry configurations	


•  test 3mm and 5mm gap	
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The BESIII prototype 

Forward 
Tracking 

Backward 
Tracking 

GOLIATH

Planar prototype tested at CERN SPS 
beam last December to test a planar 

prototype inside a magnetic field.


•  validate analogue readout	


•  validate Garfield simulation

•  test different gas and 

geometry configurations	


•  test 3mm and 5mm gap	
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preliminary 

•  X View

•  Y View

•  X AND Y


Gain


efficiency vs gain B=0	

 With Ar/Isob (90/10) gas mixture, 650 µm strip 
pitch, 3mm gap, B=0 :



•  Efficiency plateau starts @ gain≈6000.



•  Efficiency for 2 dimensional clusters ~97%



•  σ≈ 90 µm
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preliminary 

•  X View

•  Y View

•  X AND Y


Gain


efficiency vs gain B=0	

 With Ar/Isob (90/10) gas mixture, 650 µm strip 
pitch, 3mm gap, B=0 :



•  Efficiency plateau starts @ gain≈6000.



•  Efficiency for 2 dimensional clusters ~97%



•  σ≈ 90 µm




Effect of the magnetic field on the electron avalanche


B = 0 T B = 1 T 

•  The effect of the magnetic filed to the electron avalanche has been studied 
with a Garfield simulation."

x (cm) x (cm) 

•  The Lorentz force displaces the electron avalanche"

•  In addition the B field produces a broadening of the charge distribution at 
the anode."BESIII 

STATUS, 
45th LNF 
Scientific 
Committee, 
18 April 2015




PRELIMINARY RESULTS WITH 
B FIELD


•  Effect of B field on cluster 
multiplicity and comparison 
with Monte Carlo simulation.


•  work in progress for resolution


preliminary 
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•  B = 1 T


•  No effect of magnetic field 
on tracking efficiency.
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Exploring the GEM technology 
potentialities: µTPC readout


•  The time information can be used to 
improve the spatial resolution with B field.


•  Time information can be extracted from 
the sampling of the APV signal.
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µTPC readout 
feasibility study


•  The electron drift velocity can be 
extracted by the hit time distribution 
and it’s consistent with simulations.


•  The track can be reconstructed from 
the drift velocity measurement.
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                                ZDD STATUS!
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ZDD STATUS!

5
3 

•  Pb/Sci.Fi Array a` la KLOE 
scintillating material 60% of total (in 
volume) 

•  two modules (up and down the 
beam) dimensions:14×4×6cm3 

•  signal extracted and channeled to 
PM through bundles of clear optical 
fibers   (2m long) 

 

Is perfectly working as luminosity monitor  ! 

Time peaks for e+e-γ events 
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                 SUMMARY AND CONCLUSIONS!

­  BEPCII is running smoothly from 2.1 to 4.6 GeV since 2009	


	


­  Many new unexpected results both at high and low energies	


	


­  New CGEM-IT beeing developed 	


	


­  Successfull physical proposals by Italian group	


	


­  Joined IHEP-INFN Annual Cooperative Meeting on May 15 	



•  Congratulations by Y.Wang   to the Italian team for the 
valuable contributions to BESIII  	



•  Prof. Maiani visiting IHEP now, congratulates for XYZ 
results, 	



           giving suggestions where to look for new states !	
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THE LNF GROUP!

LNF staff personell at today: 
4 researchers/technolgist (KLOE2) (3:1) 
1 senior associates (at IHEP now)    
1 senior guest 
1- 1year contract in 1 months 
total of 4 FTE 
 
Technical staff at LNF:  
1 (0.3 FTE) LNF-SPAS (KLOE2)    à 
2 (0.1 FTE)  RM1 from RM1-KLOE2 à 
1 IHEP (KLOE2) leaving in October à 
1 DUBNA (KLOE2) leaving in Augustà 
1-2 (0.1 FTE) from TO  
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   SOME MORE INFORMATION!
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          THE BESIII ENERGY REGION 2 - 4.6 GEV !

5
8 

BEPCII can reach here! 



B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

59 

SPARES!
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Interference	
  in	
  e+e-­‐	
  → J/ψ	
  →µ+µ-	
  

Interference pattern between J/ψ decay and the non-resonant

decay amplitudes first observed at SLAC [PRL 33,1406] in 1975.

Confirmed by BESII and KEDR 


60 



B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

61 

THE KLOE-2 ANODE DESIGN!

BESI
II 
STAT
US, 
45th 
LNF 
Scien
tific 
Com
mitte
e, 18 
April 
2015 

Presented by D. Domenici @ LNF CGEM workshop 

  with digital readout and 
       ~0.5 T magnetic field 

6
1 



An alternative solution: uTPC


62




ATLAS test


BESIII-Italia - Torino, 6 e 7 Maggio 2015
G. Cibinetto
 63




B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

64 

                                  ZDD STATUS!

6
4 

•  designed in Frascati in 2010 to detect ISR photons at low angle and 
measure luminosity 
•  In 2011:built, tested at LNF and installed at BEPCII 

– Not ready for integration in BESIII DAQ in 2011-2012 
• Start of real BESIII data taking in 2012-2013 

– DAQ errors! Data compression buggy, and also too slow 
• An upgrade was designed, built and installed in 2013 

– New preamps in VME instead of NIM, “segmentation” strips 
– DAQ problems persisted also in 2013-2014 
– Data taking window too large for processor speed wrt L1* rate 
– Latest CAEN firmware not buggy but still too slow 

• ZDD signal finally identified in spring-summer 2014 
–  Is in the data stream of BESIII  
–  Data on tape 

•  Since 2012 is working as Luminomiter of BEPCII 
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ZDD SIGNAL TIMING!

6
5 

Typical “inclusive” peak times (ns)  

Peak times for “selected data”: e+e-γ events 

(ns)  

(ns)  

     Plot “selected data” in BESIII: e+e-γ events 
–  2 charged tracks, total charge 0 
–  Less than 10 neutrals 
–  E(e+) > 0.6 GeV/c2 and E(e-) > 0.6 GeV/c2 

–  A successful vertex fit 
–  A “strong” missing photon: Emiss>0.4 GeV 
–  A low polar emission angle: |cos(θγ)| > 

0.98 

 
 

•  ZDD sensitive to most of BEBCII beam 
crossing, high background! 

•  If we plot “everything” there is no ZDD 
signal  
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ZDD SIGNAL TIMING!

6
6 

Typical “inclusive” peak times (ns)  

Zoomed and Peak times : e+e-γ events 

(ns)  
•  Plot “selected data” in BESIII: e+e-γ 

events 
–  two clear correlated peaks on top 

and bottom modules 
 

 

•  ZDD sensitive to most of BEBCII beam 
crossing, high background! 

•  If we plot “everything” there is no ZDD 
signal  
 

(ns)  
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RISE DETAILS!
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BESIII STATUS, 45th LNF 
Scientific Committee, 18 April 
2015 
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Financial cooperation EU - IHEP 

The full construction cost for the full CGEM-IT is about 1M€  
(not including manpower, integration and installation) 
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Observation of a charmonium like structure: 
Zc(3900)± 

•  2013: 515 pb-1 @ 4260 MeV 

•  e+e- → π+π-J/ψ 

•  Dominant background e+e-→π+π-π+π- 

•  J/ψ signal: [3.08,3.12] GeV 

•  J/ψ sideband: [3.0,3.06] GeV or [3.14,3.20] GeV 

•  Structure seen: Zc(3900)± -> π± J/ψ 

PRL 110, 252001 
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BESIII: e+e- -> π+π-J/ψ @ 4.26 GeV 
PRL 110, 252001 

Ø  S-wave Breit-Wigner with efficiency correction 
Ø  Mass  =  (3899.0±3.6±4.9) MeV 
Ø  Width =  (46±10±20) MeV 
Ø  Fraction = (21.5±3.3±7.5)% 

•  Couples tocc 
•  Has electric charge 
•  At least 4-quarks 
•  What is its nature? 

Zc(3900)± Significance >8σ	
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Belle 
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M  =  (3885±5±1) MeV/c2 

Γ   =  (34±12±4) MeV/c2 

 81±20 events 
 6.1σ	



hep-ex:1304.3036 
K. Seth & co. @ 4.170 GeV 

PRL 110, 252002 
 

BESIII: e+e- -> π+π-J/ψ @ 4.26 GeV 

PRL 110, 252001 
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BESIII: Zc Results 

4.23+4.26+4.36 GeV 
4.23+4.26 GeV 

Preliminary Preliminary 

PRL 110, 252001 

PRL 111, 242001 

PRL 112, 022001 

PRL 112, 132001 PRL 113, 212002 

PRL 112, 022001 

e+e- -> π+π-J/ψ @ 4.26 GeV 

e+e--> π-+(D*D*)±+c.c. @ 4.26 GeV 

e+e- -> π-(DD*)++c.c. @ 4.26 GeV 

e+e- -> π0π0hc @ 4.23,4.26,4.36 GeV e+e- -> π+π-hc @ 4.23,4.26,4.36 GeV 

e+e- -> π0π0J/ψ  
@ 4.23,4.26,4.36 GeV 
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Ø  The observed charmonium-like states Y(4260), Y(4360), and 
Y(4660) can not interpreted as conventional charmoniums. 

Ø New decay modes searching and the line shape measurement 
is useful for understanding the nature of these Y-states.   

Ø Hadronic transitions (by an η or π0 ) to lower charmonia like 
J/ψ are regarded as sensitive probes to study the properties 
of these Y-states.  

Ø Nature of these Y-states: 
 hybrids ? 
 tetraquarks? 
 hadro-charmonium? 
 hadronic molecule? 

Above 4 GeV 



B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

78 7
8 



B E S I I I  S TAT U S , 
 4 9 T H  L N F  

S C I E N T I F I C  
C O M M I TT E E 

M. Bertani  

79 7
9 



BESIII 

80 

Magnet:  1 T   Super conducting  
 
MDC:  small cell & Gas: 
He/C3H8 (60/40), 43 layers 
           σxy=130 µm 
           σp/p = 0.5% @1GeV 
           dE/dx=6%  

TOF: 
   σT =  100 ps   Barrel 
            110 ps  Endcap 

Muon ID: 9 layers RPC 
                8 layers for endcap 

EMC:   CsI crystal, 28 cm 
   ΔE/E  = 2.5% @1 GeV 
   σz = 0.6 cm/√E 

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

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

ZDD 

Zero Degree 
Detector  
new (2011)  

BESIII Detector 
[NIM A614 (2010)345]  


