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Motivation
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● New 4th generation light sources poses many challenges for detectors due 
to high intensity and fast timing bunch structure (e.g. HEPS, Sirius) 

● LGADs are natural sensor candidates to face these challenges :	
○ Intrinsic gain ⇛ good signal-to-noise ratio ⇛ low energy photons 
○ Very fast timing  ⇛ time-resolved  applications 
○ Radiation hard (TID) ⇛ operation at very high intensity beams	
○ LHC timing detectors (ATLAS & CMS)  ⇛ Extensive R&D 	

● However, synchrotron light application will require :	
○ Very fine (few  μm) spatial resolution sensors	
○ Active region facing the beam	
○ Different energy ranges ⇛ Sensor thickness optimization 



Intro : The light source facilities
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Sirius at LNLS-CNPEM in São Paulo (Brazil)

* BL being commissioned, available now : 5.8 to 13.8 keV.  

SSRL (SLAC) at Stanford (USA)

Both sites provide high intensity, quasi-monochromatic pulsed X-ray beams (10 ps wide pulses,  2 ns appart) with several geometries 

Beam Line 11-2 @ SSRL  Carnaú ba beam line @ Sirius  

1

2

2

1

2

1 LGAD setup

Beam direction

*
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https://www-ssrl.slac.stanford.edu/content/beam-lines/bl11-2
https://lnls.cnpem.br/facilities/carnauba-en/


The Sirius Light Source in São Paulo (Brazil) 
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High intensity, quasi-monochromatic focused pulsed X-ray beams (10 ps wide pulses,  2 ns appart)

● 4th generation light source (National Laboratory link)	
● 27 beamlines (2019 - 2028)	
● Phase I (200mA) : 	

○ 10 operational beam lines, 2 commissioning , 2 
construction	

● Fase II (350mA) :	
○ 1 in construction, 9 in project	

● Increasing demand for faster X-ray detectors for 
imaging and non-imaging applications.

● 3 new beam lines for soft, tender and hard x-Rays	
● Installed in a Level 4 biosecurity laboratory	
● State-of-the-art facility for highly contagious pathogens research	
● New generation of detectors (and sensors) are needed for high 

frame rate/ high resolution imaging of biological samples

Orion Project at Sirius (link)

H
. W
estfahl
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https://lnls.cnpem.br/sirius-en/
https://cnpem.br/en/orion/
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Low Gain Avalanche Diodes 

IHEP-IME LGAD test 
structure for ATLAS 
HGTD being probed at 
the USP semiconductor 
sensor lab.
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Low Gain Avalanche Diodes (LGAD)

● Proposal made by the RD50 collaboration (Sadrozinski et al) ~ 2013 aiming at very radiation hard devices for LHC etc.	
● LGADs are PiN Si diodes + an intrinsic gain layer for charge multiplication	

○ Moderate gain (10 ~ 50) ⇛ low energy X-rays	
○ Very fast response ( < 30 ps for MIP) ⇛ time resolved applications	
○ Devices can be fabricated from ~30 𝜇m to ~300 𝜇m active thickness

Planar detector: fixed rise time LGAD: rise time proportional to gain/thickness

2 ns

LGAD response to 90Sr electrons

LGAD structure LGAD Internal Electrical Field 2x2 LGAD (HPK)

C
artiglia 2016

N
. M

offat , 2018 
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https://arxiv.org/pdf/1906.11542v2
https://doi.org/10.1016/j.nima.2013.06.033
https://indico.cern.ch/event/468478/contributions/2135146/attachments/1290321/1921375/LGA_Signal_Cartiglia.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/13/03/C03014
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LGAD Design Variations

Fact: DC-LGADs (e.g from ATLAS and CMS) have a coarse spatial resolution and large inter pad (inactive) region (~50 𝜇m to 100 𝜇m) 	
Challenge: How to fabricate devices with optimal spatial resolution  (𝜇m) and small  upstream  dead-region?

AC-LGAD (link, link) Trench Isolated (TI-LGAD)  (link)

HPK AC-
LGAD	
150 𝜇m; 	
500 𝜇m

TCAD 	
simulation:	
IP~5 𝜇m

Inverted LGAD (link)

X-rays down 
to  200eV 

𝜎t ≈ 21 ps 	
𝜎s ≈41 𝜇m
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https://arxiv.org/pdf/2407.09928
https://iopscience.iop.org/article/10.1088/1748-0221/14/09/P09004
https://ieeexplore.ieee.org/document/9081916
https://iopscience.iop.org/article/10.1088/1748-0221/18/12/P12006
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Characterizing the performance of 	

Low Gain Avalanche Diodes 	

using synchrotron radiation
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I - Single Pad  LGADs tests @ SSRL BL 11-2
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Devices Tested
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Device Active Thick. Gain Layer Breakdown

HPK LGAD type 3.1 50 μm shallow (1μm) ~230 V

HPK LGAD type 3.2 50 μm deep (2μm) ~130 V

HPK PIN 50 μm no gain layer ~400 V

BNL LGAD 20um 20 μm shallow (1μm) ~100 V

HPK 	
DC LGAD

Santa Cruz  board with 
LGAD and 1-ch. amplifier

BNL 	
DC LGAD

● "Flat" beam  : 25mm x 1 mm (nominal)	
● Energy scan from 5 to 37 keV (70 keV with harmonics) 	
● Bias Scan	
● Single pad (1.3 x 1.3 mm2) LGADs

DC 
BIAS

LGAD 2 GHz 
470Ω  

TIA on PCB

Keysight UXR
13 GHz 

128 GS/s
Oscilloscope

G = 10  
Broadband 

Voltage  
Amplifier

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

For details,	
See Ref.	

Simple 
Measurement 	
Setup 

Fe
rr
er
o 
et
 

al
.
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
https://www.sciencedirect.com/science/article/pii/S0168900218317741
https://www.sciencedirect.com/science/article/pii/S0168900218317741
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● For MIP, we use a telescope for timing measurement (𝛥t) ; for X-rays we 

have to resort to something else	

● We can rely on the very uniform bunch separation of 2.1ns 	

● This can be measured using the LGAD !	

● The SSRL fill structure is : …1–0–fill–0–fill–0–fill–0–fill–0…

SSRL : (2.100 ± 0.001) ns
One scope acquisition showing 

SSRL bunch pattern

Many
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Signal processing - I : How to measure timing ?



Signal processing - I : How to measure timing ?
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t[s]

● For Sirius, every bunch in the orbit is filled (2 ns separation)

Sirius : (2.000 ± 0.003) ns

2 ns

Digitized waveform Autocorrelation

Many

Marco Leite - USP                                                                                                               LGADs for synchrotron X-rays detection                                          IHEP-CAS     —  18th Dec. 2025

One scope 

acquisition showing 

Sirius bunch pattern
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

HPK 3.1@230V 	
35 keV

𝜎t≃120 ps

HPK 3.1@200V 	
30 keV

𝜎E/E from 
Amplitude 
distribution

𝜎t based on	
2.1 ns 
interval	

(20% CFD)

● All data from oscilloscope digitized waveforms

*asymmetric reweighted penalized least squares smoothing

Energy

Timing
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Baseline 
estimation*

7σ(noise)

empty interval
(noise estimate)

LGAD digitized 
waveform

LGAD digitized 
waveform
(corrected)

 Signal  processing II : baseline correction

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
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I – Single Pad LGAD X-ray Energy Response
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Linearity of response



I – Single Pad LGAD X-ray Energy Response
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Energy resolution

6%



I – Single Pad LGAD X-ray Timing Response 
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Time resolution



I – Single Pad LGAD Summary Results (35 keV X-ray)
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The Carnaú ba Beam Line 
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* Energies < 5.8  keV being commissioned

High intensity, quasi-monochromatic focused pulsed X-ray beams (10 ps wide pulses,  2 ns appart)

*

link, Tolentino 2023● One of the 10 operational beam lines	
● Fully instrumented 	
● 2.1 to 15 keV X-rays	
● Beam size from  150 nm to 350 𝜇m
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https://lnls.cnpem.br/facilities/carnauba-en/
https://www.sciencedirect.com/science/article/abs/pii/S0368204823000579


2x2 LGADs (HPK 3.1) tests @ Sirius Carnaú ba beamline
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● ATLAS HGTD HPK 3.1 2x2 array prototype 	
● 50 𝜇m active thickness , IP 70𝜇m	
● gain : 12 (150 V) ~ 32 (230 V)	
● Detector can move and rotate wrt to the beam	
● LN2 nozzle can be used to cool down the DUT	
● Energy/timing resolution wrt :	

○ X-ray energy, bias and temperature	
● Interface to EPICS from machine to access 

experimental  conditions (beam intensity, linear 
stage position, shutters etc.)

2x2 HPK 3.1 
LGAD array

350 𝜇m or 150 nm X-ray beam 21 LGAD Beam direction

1

2

3

3 Linear stage

4

4 Cooling nozzle
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Signal processing and data acquisition
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● 4 channel 2-stage amplifier board 	
● Signal (charge) injection	
● Jitter from electronics < 1 ps	
● Onboard voltage regulators	
● Data acquisition : 8GHz, 50GS/s Oscilloscope  ⇛ store digitized waveforms

DC 
BIAS

LGAD 2 GHz 470Ω  
TIA

Tek MSO6
Oscilloscope

(8 GHz/50 GS/s)

  
Broadband  
Amplifier 

(G~15 dB)

UC St. Cruz  1st stage amplifier + broadband amplifier 
(MMIC Gali84+)

Machine Orbit 
Signal 

Sensor 
signal

2 ns

Beam

Marco Leite - USP                                                                                                               LGADs for synchrotron X-rays detection                                          IHEP-CAS     —  18th Dec. 2025



 Signal  processing II : baseline correction
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Baseline 
estimation*

7σ(noise)

empty interval
(noise estimate)

𝜎t≃106 ps

𝜎E/E from 
Amplitude 
distribution

𝜎t based on	
2 ns bunch 
interval	

(20% CFD)

● Digitized signal has  significant baseline shift ⇛ correct offline

*asymmetric reweighted penalized least squares smoothing

Energy

Timing

LGAD digitized 
waveform

LGAD digitized 
waveform
(corrected)

Marco Leite - USP                                                                                                               LGADs for synchrotron X-rays detection                                          IHEP-CAS     —  18th Dec. 2025



21

1

32

4
Photon detection (9 keV)
at 500 MHz (HPK 3.1 2x2 ATLAS LGAD)

1 𝛄

2 𝛄 3 𝛄

2ns

Pad 1

Pad 2

Pad 3

Machine 
Orbit

HPK 3.1 2x2 
@150V , 6.64 keV

1 𝛄

2 𝛄

3 𝛄

4 𝛄

5 𝛄

HPK 3.1 
2x2

HPK 3.1 2x2 
@150V , 6.64 keV

HPK 3.1 
2x2

2x2 LGADs (HPK 3.1) Energy response

● Different X-ray energies and bias	
● Multiple photon conversions

~350 𝜇m  
beam

9%
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● Multiple photon conversions can be used to measure 
the intrinsic timing resolution	
○ 𝜎(t2 - t3) 	

● Data was taken with AND between two pads signals

𝜎t ~ 104ps

HPK 3.1 2x2 	
@230V 	
5.83 keV

CFD 
(20%)

1

32

4

Pad 3

Pad 2

An alternative way to measure timing

Scope Trigger :
 Pad 2 AND Pad 3
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● Use a focused 150 nm beam	
● 5 𝜇m step  lateral scan between 2 

pads	

● Extract device gain and from 
ratio  (G>1) / (G=1) by	
current or pulse amplitude	

● Also interpad distance 

“ORed” scope trigger trigger between 2 ch 

6

HPK 3.1 2x2 IP7 @230V, 5.83 keV 
(from digitized waveforms)

LGAD CURRENT profile LGAD PULSE AMPLITUDE profile

Gain and interpad measurements

HPK 3.1 2x2 @230V, 5.83 keV 

HPK 3.1 2x2 230V, 
5.83 keV 150 nm 
beam                              

Scan

Sk
om

in
a 
et
 a
l

(Barthuar et al)

From TCT: 104  𝜇m 
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https://indico.cern.ch/event/1270076/contributions/5461468/attachments/2670554/4629315/Skomina_RD50_MNE.pdf
https://www.sciencedirect.com/science/article/pii/S0168900220308913?via=ihub
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HPK 3.1 
2x2 
7.21 keV 

21 N2 Nozzle LGAD 3 PT100 4 Insulation box

5

4

● HPK 3.1 2x2 array	

● N2 cooling nozzle and detector position remotely controlled 	

● Temperature recorded by 2 PT100 on the PCB

2

1

3

5 Linear stage

Temperature  response

● Beam line using a focused beam at 7.21 keV 	

● Bias and temperature scan 	

● Gain increases as temperature decreases	

○ as expected ( W. Sun et al)
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https://arxiv.org/html/2509.08406v1
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IHEP-IME and FBK TI-LGAD recent tests @ Sirius
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● FBK TI-LGAD sensor (V1) from RD50 production, 
test structures 2x1 (Paternoster et al) 	

● 50 𝜇m active thickness , gain ~ 20 @150V

26

Pa
te
rn
os
te
r e
t a
l

● ATLAS HGTD IHEP-IME QA/QC test structure with carbon-enriched 

"standard" DC-LGADs	

● 50 𝜇m active thickness , gain ~ 30 @150V

IHEP-IME and FBK TI-LGAD recent tests @ Sirius

Gate Controlled 
Diodes

Van de Pauw 
Struc.

(implant resist.)

MOS Cap.
(oxide 

thickness)

PiN Diode
(gain baseline, 

dosimetry)

LGAD 
2.1 mm x 0.5 mm

(Charge coll., timing,  acc. 
removal)

1x2 LGAD 
4.2 mm x 0.65 mm

(Charge coll., timing, acc. 
removal, iterpad dist. and 

resistance)

1 m
m

20  
mm
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https://ieeexplore.ieee.org/document/9081916
https://ieeexplore.ieee.org/document/9081916


New 16ch amplifier board
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Once channel schematics (16 channels in one board)

● “New” board (based on arxiv 2504.08932v2 )	
● 2-stage amplifiers (MMIC Gali 52+, 2GHz , 18 dB)	
● Individual charge injection	
● Temperature measurement 	
● Removed on-board regulation due to heating … 	
● Jitter < 1ps (calibration signal)

 6 keV (S/N ~ 12) 

1.8 
ns

-60 
mV
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https://arxiv.org/html/2504.08932v2


 Beam line setup
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● Added a precision (< 1 𝜇m) laser displacement 
sensor 	

● 2 oscilloscopes (up to 10 channels)  	
● Board is air-cooled an temperature monitored	
● Beam size : 350 𝜇m or 150 nm	
● Energy and timing measurements	
● Low Energy scan (2.1 keV to 6 keV)	
● Measurements: 	

○ Position scan, timing  and very high flux 
response

IHEP/IME 
QCTS

21 LGAD Beam pipe

1

2

4

3 Laser displacement 
sensor

4 Linear stage

3

Air cooling

FBK TI-
LGAD
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● An attempt to kill the sensor, but it survived …	
● Maximum flux (109 γ/s, 350 𝜇m spot size) @ 6 keV	

● 18uA current from sensor ⇛ no increase in the current in ~10 min operation 	
● 500 MHz rate, signal recorded at every bunch

IHEP-IME LGAD response to very high flux

No baseline correction
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FBK TI-LGAD response
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● 6 keV X-rays ( 350 𝜇m spot size)

No baseline correction

Pad 1

Pad 2

Pad 2Pad 
1

Large amount of data from both sensors  (2.1 keV to 6 keV) 

still being analyzed ….

FBK TI-LGAD Energy response 
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A word on simulation …. 
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GEANT-4 simulation of absorbed 

photon fraction per LGAD layer for 5, 

15 and 35 keV 

TCAD simulation of 50 µm LGAD signal response to a single 20 keV 

photon at different absorption depth.

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
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Simulations for HPK 3.1, single pad

sensitive 
region

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006


Where to go from here
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● None of the devices discussed here have been optimized for X-ray applications	
○ However, results are very encouraging	

● What we will need for photon sciences :	
○ Higher energies needs thicker devices	
○ Lower energies  needs inverted design 	
○ X-rays produces localized primary charges -> Electrical field  screening at different energies (see  Mazza et all)	
○ Wee need to understand better signal formation for X-ray (simulations)	

● Final goal : explore the response of pixel devices (AC, TI LGAD) 	
● However, several applications in photon sciences can use coarse (un)segmented DC-LGADS	

○ Machine development  studies	
○ Nuclear Resonance Scattering  (NRS) experiments 	
○ etc … 	

● Faster sensors  ⇛ faster detectors ⇛ faster DAQ
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
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BACKUP
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The Sirius Light Source in São Paulo (Brazil)
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H
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Carnaú ba beam line setup

36Marco Leite - USP                                                                                                               LGADs for synchrotron X-rays detection                                          IHEP-CAS     —  18th Dec. 2025


