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Status of Laser System



•  Hardware
1. Local Monitor installation
2. Source MoniTor 

optimization
3. Laser Heads relative 

timing
4. Filter Wheel 

transmission
5. Laser Control Board
6. Double Pulse

•  Software
1. Reconstruction software
2. Data Quality Control
3. Slow Control

•  Varie
1.  shifts/experts oncall
2. wiki page
3. web page

Main activities sep/2017 – mar/2018

Short summary: the system is ready for data taking!

16/03/18 Marco Incagli - INFN Pisa2



Hardware

1. Local Monitor installation
2. Source Monitor optimization
3. Laser Heads relative timing
4. Filter Wheel transmission

5. Laser Control Board
6. Double Pulse
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•  All 24 LM PMTs installed and working
•  New PMTs (Hamamatsu R1924A-100)
•  New HV system (CAEN)
•  5 old PMTs connected to spare channels to 

study the effect of LM redundancy

1 - New PMTs for Local Monitors (LM) installed
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•  Each laser is monitored by 1 PMT and 2 PiN diodes
•  SM system powered by Naples electronics providing Voltage 

Bias for PiNs and Voltage reference for PMT 
•  Readout both with Wave Form Digitizers (WFD) and with 

custom (Naples) electronics

2 - Source Monitor (SM) system

LASER	HEADS	

70:30	Beam	Splitter	

SM	system	

SM	1			2			3			4				5			6	
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DQM = Data Quality (online) Monitor

24	LOCAL	MONITORS	 6(X3)	SOURCE	MONITORS	5	REDUNDANT	
OLD	MONITORS	

SPECIAL	PMT	(see	later)	
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•  Problem: lost muons* distort the wiggle function (2nd largest 
systematic error on ωa in BNL)

•  Often they cross 2 or even 3 calorimeters à tight (~1ns) 
coincidence between calorimeters to select them

•  Time sync set by laser à must know relative laser time shift

3 - The special PMT: Laser Heads relative delay
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•  Residual	delay	ranges	from	0.2	to	2	nsec	
•  Must	correct	for	this	effect	

Relative timing
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•  Fiber	lengths:	2,	15,	27,	
39,	51,	65	m	

•  The	delay	due	to	
different	fiber	length	can	
be	measured	
indipendently	and	
subtracted	 Time	(nsec)	



•  The Filter Wheel system allows to vary the transmitted light 
from 100% to 0% in 12 steps à default position = 6

•  It is used for calorimeter calibration
•  Light transmission measured with a Power Meter (PM) and 

with the Local Monitor (LM) PMTs

4 - Filter Wheel transmission

•  After some optimization, a 
good linearity is observed 
for all 6 lasers (note that 
when measuring with LM all 
optical transmission 
elements are included!)
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•  Located in the same crate where the SM boards are
•  Output: Several Trigger Patterns, sent to the Laser Driver, 

selected and configured through standard Online Database 
(ODB) interface

•  New features included in firmware: Double Pulse, Prescale, 
Beam Splash Simulator

5 - Laser Control Board
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Article published on JINST 13(2018)
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•  The calorimeter response is not constant within fill:
~4% drop for consecutive pulses ~40nsec (SiPM response)
<1% drop in first 40µsec (load on Voltage power supply due to 
beam splash)

•  Gain changes have been the largest systematic in BNL exp

6 - The Double Pulse System
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Δt	~	40nsec	

4%	

Δt	~	40µsec	
1%	



The double pulse setup 
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CALO3	

CALO4	

CALO2	
CALO1	

Fixed	Mirror	Fixed	Mirror	

Movable	Mirror	
(position	IN)	

CALO7	

CALO8	

L1	

L2	
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Preliminary gain function determination:  
crystal 23 of calo 17
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•  The	behavior	is	well	reproduced	
•  The	gain	losses	seem	slightly	larger	than	

expected	(preliminary	result)	
•  Large	fluctuation	among	crystals	(next	slide)	
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	 Laboratory	(with	LED)	

Experiment	(with	Laser)	
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•  Large spread among different crystals

Preliminary gain function determination:calo 17
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(crystal	35)	
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NOTE:	pileup	probability	for	
Δt<60nsec	is	<4%	



•  This term is potentially much more dangerous
•  Expected to be <1%, but ....

•  Systematic studies performed with Double Pulse

The long time (~40usec) term

•  54	crystals	of	CALO1	
•  The	Source	Monitor	

shows	that	laser	light	
is	stable	

•  The	Gain	Sag	is	
induced	by	Beam	
Splash	The	Gain	Sag	effect	

Time	(µsec)	
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•  Burst of N = 50 pulses with δt = 120ns and FW=1
•  Programmable values: N, δt, FW
•  Test pulse sent after Δt = [0,200] µsec
•  Scan on Δt 
•  Several input values have been tested to parametrize 

calorimeter response under different beam conditions

Long Time Double Pulse (LTDP)

17 16/03/18

BEAM	SPLASH	"simulator"	(FW=1)	

TEST	pulse	(FW=6)	

•  FW	=	Filter	Wheel	
•  Default	position	=	6	
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•  Following our measurement, the calorimeter UW group added 
a set of capacitors (so-called megaboxes) between power 
supplies and SiPMs 

•  Residual effect below 1% level 
•  Now we must precisely measure it !!

Modified calorimeter electronics
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Software

1. Reconstruction software
2. Data Quality Control

3. Slow Control
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•  Gain correction modules are under development
•  See next talk by Anna Driutti

1 – Software infrastructure
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•  Data quality is checked routinely
•  An automatic program checks for deviation from pre-defined 

stability bands and flag the periods with large fluctuations

2 – Data Quality

±1e-4	
±1e-4	
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3 - Slow Control
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Varie

1.  shifts/experts oncall
2. wiki page
3. web page
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•  Shifts taken as of March, 15 : 380/1857 = 20.4%
•  Shifts in Run 1 (Mar-Jul 2018): 615/3128 = 19.8%
•  An expert-on-call always present on weekly base
•  Spreadsheet with list of experts available for shifter

1 – At FNAL: shifts / experts on call
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•  All Laser related 
infomation are mantained 
in a detailed WIKI page

2 – Wiki page
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3 – Web page!
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•  System is ready for data taking

Summary
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Spare
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•  The Laser is the key element in reducing the overall 
(including effects on B, not listed here) largest systematic 
error and it contributes to the reduction of 2nd and 3rd largest 
effects on ωa

Systematics on ωa

Laser	System	Role:	
	
Key	element	
	
Helps	(timing)	
Helps	(timing)	
	
	
Beam	related	
effects	
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Systematics on ωp

Largest	contribution	
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