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I"ll talk about several
different things...

* w, precession frequency analysis
* Laser monitoring system
* ReconlTA reconstruction

* Beam dynamics corrections

* Transient fields: magnetometer
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* 24 homogeneous electromagnetic calorimeters: arrays of 9 X 6 PbF,
crystals, with refractive index n = 1.8, which are 14 cm (15 X)) long

* Positrons travel faster than light in the crystals: we detect Cherenkov light
produced by the e.m. shower

e Each crystal is coupled to a SiPM working in Geiger mode: their gain is
sensitive to many effects (e.g. temperature) and must be monitored at high
precision to reduce systematics = laser system

INFN
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Laser-based gain monitoring system

A. Anastasi et al 2019 JINST 14 P11025

It is able to correct SiPM’s gain fluctuations at timescales from ns to months:
calibration at 0.04% level during fill time (i.e. 700us in which muons are stored)

Standard operating mode:

. . . in-fill patt .
* Sync. pulse: time synchronization of 1296 sync.Pulse TV PETEM i
' pattern
SiPMs at 0.1 ns
° . . + —BEA"‘

* In-Fill pulses: series of laser pulses during u

storage time, for rate-dependent fluctuations
e Out-of-Fill pulses: 4 laser shot in the time gap Bein of Muon Fill Begin of Laser Fil

Trigger from accelerator Trigger SW generated

between fills, which monitor the stability over
days and normalize In-Fill pulses
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Gain fluctuations during fill time ,‘

* In-Fill: SiPMs have a gain sag due to charge S oo | | R
depletion after injection splash. g -
Timescale: O(10 us). Correction att = 0: 1%-20% 8 oosl

0.996F- gt) =1.0-ael" E

* Short-term: close, within O(100 ns) consecutive ZZZZ e
positron hits. After the first hit, the recovery time S R R
of the SiPM and amplifier reduce the gain e
experienced by the second hit g 1

3 102t gy =1.- e’ E
16-channel SiPM, 54k pixels 3w
About 107 photons per Ly eeesean

L -
0 10 20 30 40 50 60

positrons, 1 photon per MeV st lock ks, o1
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Some pictures from the laser hut AN

Filter Wheel || Laser Head

Source monitor: 2 PIN diodes
at laser heads

Diffuser 3 Calo 3
Diffuser 24 Calo 24

SM = Source Monitor
LM = Local Monitor

Sync. trigger

Local monitors: 2 PMTs read
the signal sent to calorimeters
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Trace [ADC*c.t.]

Positron reconstruction: reconlTA

* New pulse fitter and clustering

Positron traces: SR . - . .
resolve pileup better L 'Seml-emplrlcaI. plleup ;ubtractlon of
than Run-1 (35 ppb) oo i o!ouble gr?d trlple coincidences: takes

fitter efficiency into account
. Y . 2 Propagaion * Goal for Run-2/3: reduce pileup
B Time_1 (6.9 +- 0.02) .. systematics by factor of 2

sooF- Energy_1 (5924 +- 15) ADC*c.t. ‘:.
: Time_2  (8.38 +- 0.03) c.t. °

Energy 2 (4269 +- 15) ADC*c.t.

—— Energy Spectrum

—— Pileup Correction

e P. Girotti’s
N PhD Thesis

4000 5000 6000 70%?18r§y ( N?g%)
INFN
8 L. Cotrozzi — Activity on g-2 in Italy — Liverpool, 09/11/2022

Istituto Nazionale di Fisica Nucleare




Different methods for w, analysis

Wiggle plots for different energy thresholds

@y =0 By =02

T-Method: count all positrons above fixed energy :.c
= Hy, =05

treshold. Which threshold? Compromise between - |

statistics and sensitivity to w, = 1.7 GeVW. %
Plot on the right: y;;, is energy normalized by 3 WWWWWWVWWWW
GeV. y¢p = 0 — max statistics, but no oscillation. [ Wy,

. o _ i Simulation
Higher vy, — less statistics, larger amplitude. A . W
| . Sylmmet][égtlt;dvon ....... =1 A-Method: weight each positron with asymmetry
|k slices O e R . . . .
NI function, to enhance statistical power of the analysis.
o Threshold of 1 GeV — more statistics, dw, 10%
I smaller than T-Method.
" e ———CPesitve " Run-1 was the combination of 4 A-Method analyses,
s ——— above 1 GeV
S e mewe e DUT more methods had been developed.
INFN
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M. Sorbara’s PhD Thesis
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My PhD Thesis

Ratlo method

T b 3

Randgorrily split pbsi'l:;rons in 4§gr§)ups
Shift two groups in time by + half :
precession period T,; /2. Recombine: ,
U(t) ;

p— V(t)_U(t)- -0.2

R(t) = TOTIIG) reduces slow terms (e.g. u decay)

If: we weight each e by asymmetry —» RA-Method -4
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My PhD Thesis "

Systematic effects on wg, AN

Run-1: total systematic on w, amounted to 56 ppb, where the biggest
contributions were CBO and pileup

Run-2/3: we expect reduction thanks to hardware and software improvements

Ratio-Method less sensitive to some effects than T-Method

3

_ x10
« E
: &

Detailed Systematics Value [ppb] '79‘9;_ 5; o THetodzhoset
Time Randomization 9 a3 3 —e— R Method : 0.000850
Time Correction 1 3 «
Gain 8 “mi_d__‘
Pileup 35| o T T
Pileup Artificial Dead Time 3 T
Muon Loss 3 R
CBO (beam oscillations) 38| ] |
Residual Slow Term 17 R T Y-S R WS

12
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Pileup multiplier
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Beam dynamics corrections

W, ferock@T (1 +[Co + Cp + Cpp + Cpgl )

(T) fcaub < wp(x,y,¢) X M(x,y,¢) > (1 + Bk + Bq)

1.—
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aw pman CIUJ

-0.001F
_0002 E_ Run-1a

:111111111111 11111111 | T S T T A T N B 1
0.003= 55 ~~155 " "150 500 250 300 350

0 005 e
0. 004§
0.003F
0.002F
0.001F
0.000F

m Run-1c

- Run-1b Run—1d

Time [ps]

Cip: momentum distribution
of lost muons < different

phases lost.
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Beam dynamics: Phase Acceptance “

: : E I R
1. Beam profile changes over muon fill < st 2
2. The measured w, phase changes as a s “Fy. E av
. oy T 135F 3
function of the decay position - : %’”S
dy d 2 F e T
3. Cpa — RMS . (p R 1 58 i 75 ppb 125;_ """""""""""" A R T T OW’*M”{*FE
dt dYRrms .
0 50 100 150 200 250 300
[ [ ° E O_"|""|IIII LEELEE B SRR LI L L ""]""|""'I['f]'_
Large correction, with the largest systematic & | P
uncertainty amongst the beam dynamics g /% laeBeam -
corrections in Run-1: there were broken 3 q
ESQ resistors which enhanced the effect, e P
and which were fixed in Run-2/3. S . dYgus
Elia’s PhD thesis: determination of C,, for 2. -

-40 -30 20 -10 0 10 20 30 40

Decay Y [mmr I N F N

Istituto Nazionale di Fisica Nucleare

Run-1 and Run-2/3 (next publication).
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Simulation for Phase-Acceptance "

Time-dependence of beam spatial distributions are

. . _—
measured by two tracker stations (blue circles) A. Driutti’s and
. . . imulation
Geant-4 based simulation of storage ring (from > u’a
injection to detection): extrapolate beam profiles group’s work
around the ring
= "t _ e} ogmmne H """"""
= 20:_ g 50.452 +
M Quadrupoles \A E - & 3 040:
& algrimeaters x : o ccu 8, L
' S % \? 0.35
8 ¢ £ g
-201~ £ 2 o.so;
_40:_ 0.25;
L e Vertical
Azimuthally-averaged

phase maps distribution
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Transient kicker field AN

 Kicker magnetic pulses induce eddy currents in nearby metal, affecting the field
experienced by stored muons

* We need to measure residual kicker field during 1 ms of data: aiming at a few
mG sensitivity over 1.45 T constant field

* «Faraday rotation»: in a magnetic field, left and right circular polarizations
experience different refraction; polarization of light is rotated by 6:

~ 1.0 |

0 = vbd o PR

V: Verdet constant ~ 450 rad/Tm 4 k

B: magnetic field !

2.0p « Data™]

d: crystal length — Fit ]
00 02 04 06 08 10

TGG (Terbium Gallium Garnet) crystal Time After S T
INFN
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BreadBoard

M%? |-| 1 = % Summer 2022 campaign: #<§
. \ . = * Involvement of summer [ 25% |
[[ ®m7 %W student at FNAL |
— e Installation successful,
\ e e feBm e | Laser the acquired data was
. analyzed

What’s next?
* Preparing next campaigns

* Technological development to
mitigate vibrations of the apparatus

<R
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* Assess systematic uncertainty
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Summary and conclusions

* Laser monitoring system is the major INFN contribution to E989

e Gain systematics are required to be < 20 ppb by TDR (improvement
of factor 6 wrt previous BNL experiment). Since Run-1, we have
reached a systematic below this goal = all under control

e ltalian contributions to production setup, production and data
analysis; systematic uncertainties on w,, beam dynamics and field
transients; data quality checks; g-2 simulation that is the key to
extract corrections, together with data

 Summer students: significant help in analysis and hardware
development
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THANKS! ANY QUESTIONS?

% ; ' Paolo Gi}étti
INFN
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Spin precession in a magnetic field

* g > 2 — spin precesses with anomalous frequency w a)a = wspm wcyclotron

e - 1
W, = —— aﬂB—<aM— > )ﬁxE—a ,B]

mc ye —1




Spin precession in a magnetic field

* g > 2 - spin precesses with anomalous frequency &, = Wgpin —

cyclotron
— e p—g 1 \ -> - ;V /-‘ — -
W, = - a,Bl— a“_y“— i/),8><E—aﬂy 1__1«\_6-8)
Yy = 29.3 > p = 3.094 GeV/c ﬁ-§=0
“magic momentum”
* Weyclotron = 42.1rad/pus — cyclotron period of 150 ns
- w, = 1.439 rad/us — anomalous precession period of 4365 ns ="
P

- The spin precesses ~ 12° per-turn 17 N
The figure on the right shows one turn starting N 1l

from parallel vectors. Dashed blue: final spin. — <
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Laser activities

* Before production runs:

1. Short-Term-Double-Pulse campaigns to extract correction for short-term
gain fluctuation, which will be applied during reconstruction

2. Long-Term-Double-Pulse campaigns to extract the lifetime of long-term
gain fluctuation. The amplitude is obtained with In-Fill pulses

* During production runs, standard operating mode with sync pulse, in-fill laser
pulses, and out-of-fill laser pulses to monitor stability over days/months

e After production runs (when reconstructing data):
1. Extract corrections and upload them to database

2. Data-quality-check: «good» production data has sync pulse, end-of-fill
pulse, laser energy is stable over time and energy, etc ...
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