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Trieste 2021
• WELCOME TO THE PATRAS WORKSHOP FIRST EVER 

ONLINE EDITION! 

• The Patras Workshop comes to Italy for the first time 

• Host institutions 

• INFN Trieste 

• University of Trieste 

• University of Rijeka, Croatia

3



G. Cantatore - 16th Patras Workshop on Axions, WIMPs and WISPs - 14-18 June 2021 - online from Trieste

The LOC team
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“Dark sector” in Trieste
• Past


• axion searches with precision polarimetry (1992 -2010)


• axions and dark photons at CAST (2010-2013)


• Present 

• Dark energy searches with KWISP at CAST (2014 ->) 

• Beyond the standard model: Muon G-2 at FNAL (2014 ->) 

• New initiatives: MUonE (2018->)
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The Kinetic WISP detection principle
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The Sun emits a stream of 
Sikivie-produced Chameleons

An ultra-thin taut membrane flexes 
as a sail under the Chameleon wind

High-sensitivity interferometric 
optical techniques detect tiny 
membrane displacements due to the 
Chameleon wind force

Curious? See January-February 2016 CERN Courier http://cerncourier.com/cws/article/cern/63705

http://cerncourier.com/cws/article/cern/63705
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KWISP current overview
KWISP 3.5

• Fabry-Pérot interferometer with 
full fiber-optic beam transport

• improved monolithic optics 
design

• uncoated membrane

• “sandwich-type” passive 
vibration isolation

• built-in force calibration with 
auxiliary beam

• Pt-coated chopper wheel

KWISP 1.5
• Michelson interferometer

• monolithic design

• high density Pt coated membrane 

• “sandwich-type” passive 
vibration isolation 

•  “chopper-less” detection 
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KWISP 3.5 - Design

Justin Baier – CAST 74th CM – KWISP status update 1105.05.2020

SETUP
• Michelson interferometer placed 

inside the vacuum chamber:

3

LO

The information of the phase between 
the SIG and LO beams is read out by a 
balanced homodyne detector:

- Taking data on CAST 
at CERN

- Two running twin 
detectors, one in 
Rijeka and one in 
Trieste

KWISP 3.5 – Recap: Design 

Justin Baier – CAST 74th CM – KWISP status update 2 24.09.2020 
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More on KWISP

•Presentation by J. Baier on Tuesday
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Muon g-2 collaboration 

>200 collaborators 
35 Institutions 
7 countries 

G. Venanzoni,  CERN Seminar,  8  April   2021



Chris Polly | Muon g-2 Announcement4/7/202111

Dark matter! SUSY! Monsters yet to  
be imagined!

B

New physics search Image Credits: Derek Leinweber

• Measuring the precession tells us 
the muon magnetic moment 

• The high precision allows us to 
‘see’ if new particles or forces are 
contributing to the anomaly!
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http://www.physics.adelaide.edu.au/theory/staff/leinweber/


muons
APRIL 2017

Inflector

Kicker

RING
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24 Calorimeter stations located all 
around the ring

NMR probes and electronics located all 
around the ring

FIELD
PRECESSION



               
Muon g-2

G. Cantatore,  “Muon g-2” Collaboration, Università di Trieste, 13 Aprile 2021
13

Giovanni Cantatore

Diego Cauz
Giovanni Pauletta

Marin Karuza Lorenzo Santi

Anna Driutti

INFN Trieste/Udine Group



               
Muon g-2

G. Cantatore,  “Muon g-2” Collaboration, Università di Trieste, 13 Aprile 2021
14

The laser calibration system

The laser calibration system is a key element of Muon g-2, it was practically absent in the 
previous Brookhaven Lab experimen


Simple working principles:

• a “source monitor” employing a 241Am source as reference gives the absolute calibration of laser 

pulse amplitudes

• laser pulses are distributed to the calorimeter crystals through a fibre optic network monitored by 

“local monitor”

• laser pulses illuminate the calorimeter crystals through a “diffuser”, and several pulse sequences 

are used in order to obtain the gain corrections to be applied to the SiPMs

124 STATISTICAL AND SYSTEMATIC ERRORS FOR E989

5.2 !a systematic uncertainty summary

Our plan of data taking and hardware changes addresses the largest systematic uncertainties
and aims to keep the total combined uncertainty below 70 ppb. Experience shows that many
of the “known” systematic uncertainties can be addressed in advance and minimized, while
other more subtle uncertainties appear only when the data is being analyzed. Because we
have devised a method to take more complete and complementary data sets, we anticipate the
availability of more tools to diagnose such mysteries should they arise. Table 5.2 summarizes
this section.

Table 5.2: The largest systematic uncertainties for the final E821 !a analysis and proposed
upgrade actions and projected future uncertainties for data analyzed using the T method.
The relevant Chapters and Sections are given where specific topics are discussed in detail.
Category E821 E989 Improvement Plans Goal Chapter &

[ppb] [ppb] Section
Gain changes 120 Better laser calibration

low-energy threshold 20 16.3.1
Pileup 80 Low-energy samples recorded

calorimeter segmentation 40 16.3.2
Lost muons 90 Better collimation in ring 20 13.10
CBO 70 Higher n value (frequency)

Better match of beamline to ring < 30 13.9
E and pitch 50 Improved tracker

Precise storage ring simulations 30 4.4
Total 180 Quadrature sum 70

5.3 !p systematic uncertainty summary

The magnetic field is mapped by use of NMR probes. A detailed discussion is found in Chap-
ter 15. In Table 5.3 we provide a compact summary of the expected systematic uncertainties
in E989 in comparison with the final achieved systematic uncertainties in E821. The main
concepts of how the improvements will be made are indicated, but the reader is referred to
the identified text sections for the details.

BNL (2001) Muon g-2 at FNAL

from Muon g-2 “TDR”
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Laser calibration system layout

2019 JINST 14 P11025

system, 4.2. Section 5 describes the system performance in di�erent laser operation modes:
standard operation mode, 5.1, double-pulse gain calibration, 5.2, absolute energy calibration, 5.3,
and flight simulator mode, 5.4.

2 The laser distribution system

The E989 experiment requires a continuous monitoring and calibration of the calorimeters photo-
detectors at the 0.04% level on the short timescale of a single beam fill (700 µs). Monitoring and
correction of the gain over the longer term of an entire run (several hours) below the per mille level
is also required. This is a challenge for the design of the calibration system because the desired
precision is at least one order of magnitude higher than that of all other existing or past calibration
systems for calorimetry in particle physics [11–13]. The proposed solution, whose scheme is
sketched in figure 1, is based on the method of sending simultaneous light calibration pulses onto
each of the 1296 crystals of the electromagnetic calorimeter. Light pulses must be stable in intensity
and timing in order to correct drifts in the response of the crystal readout devices. The stability of
the laser intensity is monitored with a suitable photo-detector system.

Figure 1. Schematic of the laser distribution system. For clarity each laser box indicates both the Laser
Head and the optical setup to split the laser beam in four part to be sent to 4 calorimeters. Also for clarity
the links that exist between each Laser Head and its Source Monitor and between each Di�user and its Local
Monitor are shown only for one SM and LM respectively.

The filling of the muon ring by the Fermilab beamline occurs with a particular time sequence
(see figure 11), where the main clock cycle has a period of 1.4 seconds. At each cycle 2 groups of 8
bunches each are sent to the storage ring with a frequency of 100 Hz. Each bunch is observed in the
ring for approximately 700 µs fill time, corresponding to roughly 11 muon lifetimes. Laser calibra-
tion pulses can be sent, according to a strategy, described in section 5.1 and illustrated in figure 11,
before or after each fill (called Out-of-Fill Pulses, OoFP) or inside a fill (called In-Fill Pulses, IFP).

– 3 –
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Optical bench and “Laser Hut”

Optical bench


“Laser Hut”

2019 JINST 14 P11025

As the laser calibration pulses must arrive simultaneously to all the channels located in 24
calorimeters around the 14-meters diameter Fermilab muon storage ring, we chose to put most of
the laser apparatus in a dedicated room, the Laser Hut, located inside the g�2 experiment hall. It is a 4
by 4-meters wide, light-tight, acoustically isolated and thermally controlled room, from where laser
calibration pulses are sent to calorimeters through multimode optical fibers. Additional laser signals
for timing/calibration purposes are also sent from the Laser Hut to two other g�2 detectors called T0
and Fiber Harps. All monitor signals of the laser power are recorded only inside the Laser Hut, thus
avoiding any electric contamination from signals coming from other detectors. The crucial elements
for the realization of this system are: 1) the light source; 2) the distribution system that distributes
the light to the calorimeters with adequate intensity and homogeneity, and 3) the monitoring system.
The light wavelength must be in the range of the calorimeter photo-detector sensitivity and the light
source must have an adequate power to deliver an appropriate amount of light to all crystals.

Figure 2. Picture overviewing the optical table. On the right side are the laser heads, partially hidden by the
Source Monitors (silver aluminum boxes). The laser beams are then attenuated by 6 motorized filter wheels
(black aluminum). In the center the optical elements used to split each laser beam in four parts, each one
injecting a launching fiber (yellow cables). On the far right, the rack with the Local Monitor boxes, with the
reference signals coming from the Source Monitors through optical fibers (blue cable). On the far left the
orange plastic tubes guiding launching and monitoring optical fibers to the 24 calorimeters. Zoom in for a
more detailed view of the components.

Given these requirements, the chosen setup is the following (see scheme in figure 1, and picture
in figure 2). Laser calibration pulses for the 24 calorimeters are generated by 6 identical laser
diode heads (Picoquant, mod. LDH-P-C-405M), 700 pJ/pulse, 600 ps (FWHM) duration, each one
serving 4 calorimeters. This has been a somewhat conservative choice, as the laser power available
exceeds what is actually required by over a factor 4, but it allows special calibration modes, i.e. the
double pulse mode (see section 2.3 and 5.2), and recovery, in case of failure of one or more laser
heads. The laser heads are driven by a multi-head controller (Picoquant, mod. PDL 828 “Sepia II”)
and can be separately triggered. The power of each laser head can be varied either in discrete steps

– 4 –



               
Muon g-2

G. Cantatore,  “Muon g-2” Collaboration, Università di Trieste, 13 Aprile 2021
17

In action…
DQM	=	Data	Quality	(online)	Monitor	

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

SPECIAL	PMT	(see	later)	
19G.	Venanzoni,		CSN1,	22	Maggio	2018	
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Muon anomaly: state of the art

3.3 σ

3.7 σ

4.2 σ

References

https://doi.org/10.1103/PhysRevD.103.072002 
https://doi.org/10.1103/PhysRevLett.126.141801 
https://doi.org/10.1103/PhysRevA.103.042208

https://doi.org/10.1103/PhysRevD.103.072002
https://doi.org/10.1103/PhysRevLett.126.141801
https://doi.org/10.1103/PhysRevA.103.042208
https://doi.org/10.1103/PhysRevD.103.072002
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Future

TDR
• RUN1 is only 6% of the 

final dataset
• Analysis of  RUN2/3 

(expect an 
improvement of a 
factor ~2  in precision)

• RUN4 (November 2020-
July 2021) is expected to 
bring  the statistics  to 
~13 BNL

• RUN5 in 2021-2022 
should allow to achieve 
the x20 BNL project goal

RUN1
RUN2

RUN3

RUN4

RUN5

xBNL

G. Venanzoni,  CERN Colloquium, 8  April  2021
72
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Conclusions: 

Online vs. Airline

• Sitting in front of your computer is quite comfortable …
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Conference venue
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Historic cafes in Trieste



• for an espresso in an espresso cup, order a NERO 

• for an espresso in a glass, order a NERO IN B 

• for a decaffeinated espresso in an espresso cup, order a 
DECA 

• for a decaffeinated espresso in a glass, order a DECA IN B 

• for an espresso macchiato (espresso with a splash of 
frothed milk) in an espresso cup, order a CAPO 

• for an espresso macchiato (espresso with a splash of 
frothed milk) in a glass, order a CAPO IN B 

• for a decaffeinated espresso macchiato (espresso with a 
splash of frothed milk) in an espresso cup, order a CAPO 
DECA 

• for a decaffeinated espresso macchiato (espresso with a 
splash of frothed milk) in a glass, order a CAPO DECA IN B 

• for an espresso with a drop of frothed milk, order a 
GOCCIA 

• for a cappuccino, order a CAFFELATTE 

• WARNING!! The above holds only for the city of Trieste. If 
you go to nearby Monfalcone and ask for a NERO, they will 
bring you a glass of red wine… so be careful!

How to order a coffee in Trieste…
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