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+ WELCOME TO THE PATRAS WORKSHOP FIRST EVER
ONLINE EDITION!

e Host institutions

*“INFN Trieste ™ =

Vel S =

 University of Trieste INFN

DEGLI STUDI
DITRIESTE

 University of Rijeka, Croatia
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e Past

e axion searches with precision polarimetry (1992 -2010)

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

— -~ » - -
e o 4 -

» Present

JESSS3Dark energy searches with KWISP at CAST (2014 ->)

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

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



The Kinetic WISP detection principle



http://cerncourier.com/cws/article/cern/63705

KWISP current overview

KWISP 3.5

® Fabry-Perot 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

® Michelson interferometer
® monolithic design
® high density Pt coated membrane

® “sandwich-type” passive
vibration isolation

® “chopper-less” detection

- Taking data on CAST
at CERN

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

G. Cantatore - |6th Patras Workshop on Axions,WIMPs and WISPs - 14-18 June 2021 - online from Trieste




__* Presentation by J. Baier on Tuesday
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INFN Cover story...

< Istituto Nazionale
di Fislca Nucleare

Published week ending 9 ApriL 2021

BNL g-2
FNAL g-2
4.20
Published by S
American Physical Society ) Volume 126, Number 14
physics

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



Muon g-2 collaboration

USA R China
— Boston — Shanghai Jiao Tong
— Cornell Germany
— lllinois . Dresden
— James Madison _ Mainz
— Kentucky
— Massachusetts I] Italy |
— Michigan - Fra.scat|
— Michigan State — Molise
— Mississippi — Naples

— Pisa

— North Central

— Northern lllinois — Roma Tor Vergata
— Regis — Trieste
—  Virginia Y g — Udine
—  Washington Q¥ Korea
USA National Labs — CAPP/IBS
— Argonne i - KAIST
- Brookhaven Russia
— Fermilab — Budker/Novosibirsk
— JINR Dubna

N/
AN

United Kingdom
— Lancaster/Cockcroft
— Liverpool
— Manchester

G. Venanzoni, CERN Seminar, 8 April 2021~ University College London

Muon g-2 Collaboration

7 countries, 35 institutions, 190 collaborators

>200 collaborators
35 Institutions
7 countries



New physics search

« 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!

Image Credits: Derek Leinweber

7
L

SUSY!

SUSY particles

Higgsino

~ ~ f
10 /
R (kpc) | e ) V) ) T ) ‘

M33 rotation curve Squarks
Courtesy R. Kolb

11 4/7/2021  Chris Polly | Muon g-2 Announcement

Monsters yet to
be imagined

2= Fermilab


http://www.physics.adelaide.edu.au/theory/staff/leinweber/
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24 Calorimeter stations located all
around the ring

MLy =2
» .“ ) ‘! e
2 » i

NMR probes and electronics located all
around the ring
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INFN INFN Trieste/Udine Group

_~ lstitvto Nazionale
di Fislca Nucleare

Anna Driutti

Marin Karuza

Giovanni Cantatore

Diego Cauz

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



/') . .
INFN  The laser calibration system
g

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

Muon g-2

BNL (2001) Muon g-2 at FNAL

Table 5.2: The largest systematic uncertainties for the final E821 w, analysis and proposed
upgrade actions and projected future uncertainties for data analyzed using the 7" method.
The relevant Chapters and Sections are given where specific topics are discussed in detail.

Category | E821 | E989 Improvement Plans Goal | Chapter &
! bl [ppb] Section
| Gain changes | 120 | 3etter laser calibration s
low-energy threshold 20 9 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 from Muon g-2 "TDR”

Simple working principles:
* a “source monitor” employing a 24Am source as reference gives the absolute calibration of laser
pulse amplitudes
e 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 fo obtain the gain corrections to be applied to the SiPMs

14
G. Cantatore, “Muon g-2” Collaboration, Universita di Trieste, 13 Aprile 2021
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INFN  Laser calibration system layout
T il iRy =y

Main
DAQ Slow Control

Fiber
bundle
. Panel 1
ol H Calo
LM . Liffuser 1

e Diffuser 2 Calo 2
Laser '

Contro ' B Diffuser 3 Calo 3
Laser 1 W .
Laser 2 :
= Diffuser 24 Sl

SM = Source Monitor
LM = Local Monitor

Sync. trigger

rrrr

Laser Hut Laser 6 m=

15
G. Cantatore, “Muon g-2” Collaboration, Universita di Trieste, 13 Aprile 2021



iNeN Optical bench and “Laser Hut”
G-

Optical bench

“Laser Hut”

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




INFN
C

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

Istituto Nazionale
di Fisica Nucleare

In action...

current laser mode: 1, standard mode

Laser Crate 25 Muon Fill summary plots

Laser Fill view Laser Slow Control

Laser 2

Laser 3

Laser 4

Laser 5

Laser 6

NUMBER 13593 EVENT 671 N. LM ISLANDS (for each channel)3 N. SM ISLANDS (for each channel)3
LOCAL MONITORS click on channel to select the trace

10

———

15

vV

20

e

SOURCE MONITORS click on channel to select the trace
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SPECIAL PMT (see later)

G. Venanzoni, CSN1, 22 Maggio 2018
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INH“F/I? Muon anomaly: state of the art

o~ lstituto Nazionale
di Fislca Nucleare

BNL g-2 : @ ; 3.70
FNAL g-2 + @ + 330
< 4.20 >
S } T } 4.2 O
Standard Model Experiment
Average

I I

175 180 185 190 195 200 205 210 215
9
a,x10° =1165900

References

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

) Istituto Nazionale
“ di Fislca Nuclears

RUNz is only 6% of the
final dataset
Analysis of RUN2/3

2
(expect an g
improvement of a =
-
factor ~2 in precision) &
©

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

* RUNgin 2021-2022

X
should allow to achieve ©¥ 0*

the x20 BNL project goal
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G. Venanzoni, CERN Colloguium, 8 April 2021
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e Sitting in front of your computer is quite comfortable ...
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IL CAFFE A TRIESTE

ceeeceeecee
eeeecceee
eecceeeced
6&686&888S

Il Caffe dei Caffe

G. Cantatore - 16th Patras Workshop on Axions, WIMPs and WISPs - 14-18 June 2021 - online from Trieste
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e for an espresso in an espresso cup, order a NERO
e for an espresso in a glass, order a NERO IN B

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

B 2ol _ « for a decaffeinated espresso in a glass, order a DECA IN B

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

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

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