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Introduction
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Beijing Spectrometer III
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Standard configuration general purpose detector

Energy range: 2.00 ÷ 4.96 GeV

Peak luminosity of the IP: 1033 cm-2 s-1

Physics program:
- Charmonium physics 
- XYZ searches
- QCD studies
- Precision SM measurements

Aging inner multilayer drift chamber to be 
upgraded with a new CGEM-based inner tracker 
in 2024



Cylindrical GEM Inner Tracker
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Three tracking layers, three multiplication stages for each layer

Layers 1 and 2 already collecting data in Beijing, Layer 3 under re-construction



Gas Electron Multiplier
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GEMs are thin copper-clad Kapton foils with a dense matrix of holes

The strong electric field inside each hole serves to multiply the electrons, thus amplifying the signal

10% tolerance on the gaps between the electrodes



CGEM Construction Technique
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The GEM Electrodes are floating, only supported by Permaglass rings glued at the two extremities

GEM foils are wrapped around a cylindrical mold, a 3 mm wide overlap keeps the cylinder closed



Support Structures
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Anodes and cathodes are supported by 
sandwich-structured composites that are built 
layer by layer  around the cylindrical molds



Detector Assembly
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CG1G2G3A

1 2 3 4 5

Insertion order:

The electrodes are extracted and assembled using the Vertical 
Insertion Machine (VIM)

The VIM can also rotate to allow access to both ends of the 
detector for gluing

The detector is assembled by inserting each electrode inside 
the previous one, starting from the largest



Drop Test of a CGEM Detector 
Mockup with PEEK Spacer Grids

2023/05/31 Stefano Gramigna 10



Buckling in CGEM Detectors
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A CGEM is a long, thin-walled shell with a large radius, therefore particularly prone to buckling

Bushnell, D., Buckling of Shells - Pitfall for Designers, AIAA Journal, 

September 1981, Vol. 19, No. 9, 1183  

X-Ray CT Scan of Layer 3

https://indico.cern.ch/event/1017981/contributions/4348788/


The KLOE2-IT Approach
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PEEK is clean, mechanically stable, and radiation resistant

SOLUTION
Add cylindrical PEEK spacer grids to contain buckling induced deformations

CT Scan of KLOE2-IT

PEEK Rods

L4

L3



How to Test the Spacer Grids
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Build a representative mockup of the detector 
with PEEK grids



How to Test the Spacer Grids

2023/05/31 Stefano Gramigna 14

Build a representative mockup of the detector 
with PEEK grids

Equip it with accelerometers to measure 
acceleration during handling and test falls



How to Test the Spacer Grids
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Build a representative mockup of the detector 
with PEEK grids

Equip it with accelerometers to measure 
acceleration during handling and test falls

Let it fall at known peak acceleration values 
on layers of shock absorbing material



How to Test the Spacer Grids
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Build a representative mockup of the detector 
with PEEK grids

Equip it with accelerometers to measure 
acceleration during handling and test falls

Let it fall at known peak acceleration values 
on layers of shock absorbing material

Perform a full CT scan after each fall



Grid and Mockup Construction
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Characterization of the Accelerometers
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Homemade characterization:

- Repeatability studies

- Prediction of the fall parameters

- Setup development



Characterization of the Accelerometers
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Homemade characterization:

- Repeatability studies

- Prediction of the fall parameters

- Setup development

Professional characterization:

- Sensitivity assessment

- Frequency response

- Ranges of measurement



Preliminary Studies and Fall Spectra
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Repeatability
(Same height)

Prediction of fall parameters and setup development
(Different heights)

Quick release:
- High amplitude
- Very high frequency

Release “echo”:
- Low amplitude
- High frequency

Impact and bounce:
- High amplitude
- Low frequency



Drop Test and CT Scan
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Months of preparation -> two full days of testing

CT Scan on arrival to be used as reference

3 controlled falls, each followed by a complete CT scan

Real-time correction of the predicted fall parameters



Real-time Correction of the Fall Parameters
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Absorber thickness and fall height 
control the impact force

Several test campaigns conducted with 
spare components weighted to match 
the mockup

A fall too weak (<2g) would not have 
been significative

A fall too strong (>10g) would have 
meant a ruined mockup and several 
months of work wasted

NO CT



Results of the Test
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Reference Scan

Scan after a 7.5 g fall

No signs of buckling after 
handling and wheeled transport

Few localized defects already 
present during the construction

Mockup subjected to accelerations largely above the 
expected operability range

No noticeable differences with respect to the 
reference scan

All clear for the construction of Layer 3 with PEEK grids
Lack of acceleration data on cargo planes landing still mandates a split construction between Italy and China



Conclusions
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Final Remarks

The Cylindrical GEM Inner Tracker (CGEM-IT) is the detector meant to replace the aging innermost 
layers of the multilayer drift chamber of the BESIII experiment in its 2024 upgrade

Deformation due to buckling prevented the ignition of the CGEM-IT’s largest layer

A CT scan of the KLOE2-IT shows the PEEK grids in the two largest layers, where no signs of   
buckling-related damage are found

A series of drop tests followed by CT scans was performed on a mockup of the CGEM-IT to assess 
the grids effectiveness and operability range

The proposed technique may be applied to investigate similar mechanical issues in lightweight 
detectors
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Additional Lessons Learned

First time anyone in the CGEM-IT group had to build PEEK spacer grids

-> Tools and techniques have been improved for Layer 3 construction

Reduced clearance due to grids led to issues during the mockup assembly

-> Grid design and mounting modified to ease electrode insertion

A split construction will require contactless alignment of the production molds

-> Development of a laser alignment system for the Vertical Assembly Machine

Training of the new team for the construction of Layer 3 
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Mockup Grid 
Detachment
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The research leading to these results has been performed within the BESIIICGEM Project (645664), funded by the European Commission within the 
call H2020-MSCA-RISE-2014, and within the FEST Project (872901), funded by the European Commission within the call H2020-MSCA-RISE-2019.



Backup
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CGEM-IT Collocation
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CGEM-IT Upgrade Requirements
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σrφ ≤130 µm

Rate capability 104 Hz/cm2

σz ≤1 mm

Angular coverage 93% 4π

Material budget ≤1.5% X0



Radiation Length

Courtesy of Dr. Isabella Garzia



overlap

Courtesy of Eng. Michele Melchiorri

Layer 3 GEM 3 1g Check



Courtesy of Eng. Michele Melchiorri

Buckling FEM Simulation



The reconstructed cylinder from the CT 
scan is overlapped to the nominal one 
and the displacement is evaluated

Courtesy of Eng. Michele Melchiorri

Reverse Engineering on GEM3



PEEK Datasheet

Courtesy of BIEGLO



First Grid Gluing Machine
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Mockup Construction Defects
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Insertion
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Accelerometers

VibMec Accelerometers

STMicroelectronics IIS2DH
three-axis digital MEMS accelerometer

TE Connectivity model 8201-0025-125
one-axis analog piezoelectric accelerometer
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Setup for Preliminary Studies
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Spare Component for Preliminary Studies
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Digital and Analog Acquisition
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Laser Alignment System

A B

C

D

E

A

B

B

B

B

C

E

D

2023/05/31 Stefano Gramigna 43


	Diapositiva 1: Validation of the Mechanical Design of the BESIII Cylindrical GEM Tracker against Buckling-induced Deformation
	Diapositiva 2: Outline
	Diapositiva 3: Introduction
	Diapositiva 4: Beijing Spectrometer III
	Diapositiva 5: Cylindrical GEM Inner Tracker
	Diapositiva 6: Gas Electron Multiplier
	Diapositiva 7: CGEM Construction Technique
	Diapositiva 8: Support Structures
	Diapositiva 9: Detector Assembly
	Diapositiva 10: Drop Test of a CGEM Detector Mockup with PEEK Spacer Grids
	Diapositiva 11: Buckling in CGEM Detectors
	Diapositiva 12: The KLOE2-IT Approach
	Diapositiva 13: How to Test the Spacer Grids
	Diapositiva 14: How to Test the Spacer Grids
	Diapositiva 15: How to Test the Spacer Grids
	Diapositiva 16: How to Test the Spacer Grids
	Diapositiva 17: Grid and Mockup Construction
	Diapositiva 18: Characterization of the Accelerometers
	Diapositiva 19: Characterization of the Accelerometers
	Diapositiva 20: Preliminary Studies and Fall Spectra
	Diapositiva 21: Drop Test and CT Scan
	Diapositiva 22: Real-time Correction of the Fall Parameters
	Diapositiva 23: Results of the Test
	Diapositiva 24: Conclusions
	Diapositiva 25: Final Remarks
	Diapositiva 26: Additional Lessons Learned
	Diapositiva 27
	Diapositiva 28: Backup
	Diapositiva 29: CGEM-IT Collocation
	Diapositiva 30: CGEM-IT Upgrade Requirements
	Diapositiva 31: Radiation Length
	Diapositiva 32: Layer 3 GEM 3 1g Check
	Diapositiva 33: Buckling FEM Simulation
	Diapositiva 34: Reverse Engineering on GEM3
	Diapositiva 35: PEEK Datasheet
	Diapositiva 36: First Grid Gluing Machine
	Diapositiva 37: Mockup Construction Defects
	Diapositiva 38: Insertion
	Diapositiva 39: Accelerometers
	Diapositiva 40: Setup for Preliminary Studies
	Diapositiva 41: Spare Component for Preliminary Studies
	Diapositiva 42: Digital and Analog Acquisition
	Diapositiva 43: Laser Alignment System

