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The history of Muon g-2 :

a

The history of the Muon g-2 experiments finds its roots in the series of experiment at CERN
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we Muon g-2 today: Data collection u
" .@,
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What is the Muon g-27

The intrinsic magnetic moment of a particle with spin is:

i=g-—S
2m
The g-factor (gyromagnetic) defines the coupling between the spin and the

QED

4

magnetic field:
* g=1classic theory;
* g =2 Dirac quantum theory;

e g=2.00233... quantum field theory.
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G How do we measure aﬂ?

* Muons are injected in a magnetic field of 1.45 T
* When a muon moves in a uniform magnetic field its spin rotates faster
than its momentum (if g>2) and the difference between the spin and

momentum angular velocity is the anomalous precession velocity w,:

L eB eﬁ_(g—Z) el_f_ eB
Pa=Os =@ =950 " m U2 ) m "m
Y N *

" wo r
W% ™ ¥
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How such precision is possible?

4 nature gifts allow to reach this very high precision:

. _________________________________________________________________________________________________|
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How such precision is possible?

4 nature gifts allow to reach this very high precision:

1. Muons strongly polarized (95%): +
» ltis possible thanks to the weak pion decay

. __________________________________________________________________________________________________|
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How such precision is possible?

4 nature gifts allow to reach this very high precision:

1. Muons strongly polarized (95%):
V —_— TC+ —
» ltis possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

g—Z) eB

> wa=w5—wc=(2 —

. __________________________________________________________________________________________________|
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v How such precision is possible? :

e 4 nature gifts allow to reach this very high precision:
1. Muons strongly polarized (95%):
V — TC+ <— l“l’+

» ltis possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

g—Z) eB

> wa=w5—wc=(2 —

3. Magic momentum P, = 3.094 Gev/c:

> W, = %[auﬁ — (au — yzl—l) (ﬁxﬁ)]

31/10/23 E.Bottalico - (EINN 2023) 10



v How such precision is possible? :

e 4 nature gifts allow to reach this very high precision:
1. Muons strongly polarized (95%):
V — TC+ <— l“l'+

» ltis possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

g—Z) eB

> wa=w5—wc=(2 —

3. Magic momentum P, = 3.094 Gev/c: v= |1+_—~293
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How such precision is possible? :

4 nature gifts allow to reach this very high precision:

1. Muons strongly polarized (95%):

.
» ltis possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

> wa—wg—wc—( . )-m

1
3. Magic momentum P, = 3.094 Gev/c: v= |1+_—~293

4. Positron emitted preferably in direction of the muon spin

31/10/23 E.Bottalico - (EINN 2023)
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a, Extraction (simplified)

* The magnetic anomély a, is obtained by measuring many quantities:

~~/

a, =

Up My o

He Mg 2

/

Ratio measured at
Muon g-2 experiment:

R = =28

Quantities measured in
other experiments

w’p represents the magnetic field as proton Larmor frequency (in a water

sample) weighted with the beam distribution inside the ring.

31/10/23
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v Detectors :
’?‘ 2
" 24 electromagnetic calorimeters:

* 54 PbF2 crystals read by 54 SIPMs.
* Crystal length 14 cm, 15 X,,.

* Cherenkov light faster than showers (signal

width ~nanoseconds).

* Laser calibration system, allows the energy and

time calibration of the calorimeters

volume

Tracker Calorimeter
chamber

e Two straw tubes trackers.
e 32 planes of drift tubes filled with a 50:50

mixture of Ar/Ethane.
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y W, Mmeasurement u
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Start time Fit t > 30us

g
o
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* The simplest function which describes the

Counts/149.2 ns
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number of emitted positron from muon
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20000 t
decay (so called “wiggle plot”) is: I I TY R TY. \
B ‘{‘é‘»‘*”%"‘z “&*« gars ?""‘ R
t Po-2Y
N(t)=Ny-e 7 -(1+A-cos(wy-t+ ¢)) I
 The FFT of the fit’'s residual shows manyg ;:
frequency peaks due to beam dynamics effects °6 :
that are not modeled by the previous function. 0-2:5 .

Frequency [MHz]

. ____________________________________________________________________________________________________|
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w, measurement

Taking into account for the beam motion, the fit function gets more

complicated up to contain up to 27 parameters.

I 1 : I 1 I I 1 1 I ] | I I I I ] l I 1 I 1 I I I 1 1 I I I I 1 I ] I I I
Time since injection: 5.0 us - i 11— |
=90 100 - - ERun-3a:33 B e*
E L B « @ i .
E e ) 2] 10
560— 1 0 > 5 &9 hy =i
= I~ : K d
2 r 80 = - ’ " —
< 4ol = £
B C -E = _4;,_5),105 B
£ I .
g 20 — .:.- . El [ ; 104 —
P - 60 )
B = - . o
0 L 3 T 10 L YV M M L
N = 05— | & 0 20 40 60 80 100
. 40 % o Time after injection modulo 102.5 ps [us]
20— . ) w' Bl
0 ~ E [ -+
o [ iy ! o] o &=
40 n | .S S8 S il
= L i ;W B No beam dynamic terms
— 20 3 % 1 9
_60— [ & T N ,,_E M= — Fullfit function B
: " 0 O - \.\:..-f bore e % P = . " .o -A.:J'L-".;-. 3 L o
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Radial Position [mm] OO 05 1 O 1 5 20 25 30
Frequency [MHZz]
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‘:5 w, Measurement
 The magnetic field is measured by:

» 378 fixed probes around the ring;

e 17 NMR probes moved around the ring

via a trolley.

e The tracker measures the muon

Muon distribution

-

distribution around the ring.

* The magnetic field map is weighted with

the muon distribution to obtain the -

> .
. aEmmER. _dEmEr
llllllllllll
N8 mEE,

effective field experienced by muons. e e N
From trolley

R R AR R RS RRRRNRRRR R RRRRE AR
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i a, Extraction — Real world A

For the measurement of a;, the measured w, and w, need to be corrected by:

p

Beam dynamics corrections
A

- N
/ fclock (1 + Ce + Cp + le + Cpa + Cdd)

“ feanin < wy, (X, y, P)XM(x,y, p) > (14 B + Bq)
—

Transient field corrections

The total size of the corrections in Run-2/3 is 622 ppb dominated by €, and Cp,.
Corrections are small, but dominated Run-1 systematics...

31/10/23 E.Bottalico - (EINN 2023) 19
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Run-1 systematic: Where can we improve?

Total Uncertainty: 462 ppb

Statistical
434 ppb

Run-1
Uncertainties

Total Systematic: 157 ppb

Ce

syst.

Dominated by \ SysT(lejrrr]l-;tics

statistical error Systematic
157 ppb Wp syst.

W, syst.

Bk

Bq

Target: quadrupole transient field B,
and phase-acceptance effect

E.Bottalico - (EINN 2023) 20
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Analyzed positrons [billions]

Run-2/3 - Improvements
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60 1 1600 2
9
oy
401 La00 S
Run-2 E
201 1200 3
Run—l//_/
0 o o 5 5 N o 0
o\t"\ o ; 0\5\\)\\\’ \,"‘d ’ NS " Y o 0\;“\ s
Statistics
E T | T T |
S 400 :
e F 1 N
o 200 i L
g C L ‘rizl !E|
G op|[fy I |||lu| Il ||||||m||““|!! |I
= o i L! =|"i
-200F ', 3
-400F
1 1 | 1 1 1 1 | 1 1 1 1 | 1
-100 0 100 200

Azimuth (deg)

Systematic

Measurements & Studies
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Magnet Temperature (C)
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Energy [MeV]

Analysis Improvements
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Run-2/3 - Improvements

100 1000
Muon g-2 (FNAL)
£ 80 1800 B
o =
3 c
% Run-3 2
2 60 600 2
o g
h=] o
%] —
o ©
S 40 400 2
° k4]
< Run-2 I
© [}
e 20 \—200 o
< 3
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0 o o 5 5 o o 0
XN o N N 7 7
\Y \Y O <
0\;\;\'&! e 0\;@\3‘! P ¥ 0\)‘@

Statistics
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Run-2/3 — Improvements: Statistics

Weighted e* in
our final fit after
quality control

E>1GeV
t > 30 us

Last update: 07-31-2023; Total statistics = 85.2 (billio

100 1000
Muon g-2 (FNAL)
Z 80- 800
o
5
— Run-3
© 60 A 600
o
:‘5”
o
2 40 L 400
®
E* Run 2
2 20- —200
<
Run—l/_/
0 ‘bl ‘bl QI C)I QI OI 0
V) ) v Y\ VD VD
N W N R\ Qo <
0‘\&1\6 A\ 0‘\)1\6 0x\ 0,\,\6 0\)‘\3

Factor 4.7 more data in Run-2/3 than Run-1

31/10/23

w, statistical precision [ppb]

Dataset Statistical Error [ppb]
Run-1 434
Run-2/3 201
Run-1 + Run-2/3 185
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(D) simeladwa] joubepy

Run-2/3 - Improvements

&Y

24
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P4y Run-2/3 — Improvements: Running conditions
2 / P g @
* Run-1 had damaged resistors in 2/32 quad plates leading
to unstable beam storage

* Resistors re-designed & replaced before Run-2

E - T 220~ oo br et bt
= 137 . E L ]
" g s w, phase change
~ I * Run-1d ] o 225/ ]
13.6j 1 r +
: _2213 ;_ PE 5 AP SN M#f#_v +|‘J:* +
13.5 [ a +*
' : . |
- -22.35 7
13.47s B + i
133 224  Run-1d |
- : : ] _22 45 . 1
1wz Vertical beam width change - Run-3a [}
» 10 1% 20 fme i s 70 150 200 I'I'lmel[p2tsé]o

* C,, uncertainty is reduced (75 ppb = 13 ppb)

* Beam oscillation frequencies are also more stable

31/10/23 E.Bottalico - (EINN 2023) 25




e Run-2/3 — Improvements: Running conditions
w / P 2
» Temperature stability makes magnetic field less variable

/|l III

N N
o o0
I | 1
I I

Magnet Temperature (C)
N
AN
| |
I |
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ing cond

Runn

— Improvements

2/3

Run-

Temperature stability makes magnetic field less variable
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e Run-2/3 — Improvements: Running conditions
w / P 2
» Temperature stability makes magnetic field less variable

/L
I

I IIIIIIIIIIIIIIIIIII"

g 28_II LI LI
o B Improved Hall Cooling |
5 N _
"é B RUI‘I-Z/\ ]
O 26— —
(D) — _
I_ — —
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ww Run-2/3 — Improvements: Running conditions
2 /3= lmp :

* Last 18% of Run-2/3 has upgraded, stronger kicker

Arbitrary Units

* Momentum distribution more
centered

* Lower E-field correction C,

0.4
dp/p,, [%]

Fractional Momentum Shift: dp/p0 [%]
20

15—

* Phase space matching improved

sH

Mean Radial Position [mm]

e Smaller beam oscillations

oF-

s
L —Run-3a —Run-3b

— L 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1
1030 35 40 45

50
ey
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Run-2/3 - Improvements

%400} | J | . | z—:
E 200_ -*: ....
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-100""(')"'100"'200"
Azimuth (deg)
Systematic
Measurements & Studies
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Run-2/3 — Improvements: Improved measuremenet i
* Pulsing quads vibrate — oscillating magnetic field

* Measured with a new NMR probe

R L ESQ4 ESQ2 ESQ3
400 - S FURET UR TURT T TR
1 & 400- i ; 1l
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For Run-1 analysis, we had limited measurement positions
Largest Run-1 systematic: 92 ppb reduced to 20 ppb
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L Run-2/3 — Improvements: Improved measuremenet i
y/ G
* Kicker creates eddy currents — transient magnetic field
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* Run-2/3 has lower vibration noise vs. Run-1

* Uncertainty reduced from 37 ppb to 13 ppb
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Py Run-2/3 — Improvements: Analysis improvements
. P o P

* 2 e* arriving at same time can be Run-1: 35 ppb to Run-2/3: 7 ppb
mistaken for 1: can bias w, |

Run-2 Data
—— Run-1 Clustering
—— Run-2/3 Clustering

108_

* Reduced uncertainty by:
* Improved reconstruction 106

* Improved correction algorithms
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« E-field correction depends on muon
momentum distribution
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Run-1: 53 ppb to Run-2/3: 32 ppb momentum & time of injection
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LA Blind analysis and unblindin .
- Yy g 2

* The analysis is performed with a double blinding

one software and one hardware.

* Hardware blinding comes from altering our clock

frequency randomly +25ppm shift

* On 24t July the secret

numbers have been unveiled,

revealing the hidden frequency
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Run-2/3 Result
a,(FNAL) = 0.00 116 592 055(24) [203 ppb]

a»

BNL - @

 Both FNAL and BNL
dominated by
statistical error

FNAL Run-1 4 1
FNAL Run-2/3 —11—

FNAL Run-1 + Run-2/3 +—@—%

e Combined world
average dominated
Wo:;:v_e:'age by FNAL ValueS.

175  18.0 185  19.0 195 200 205 210 215
a,x10° - 1165900

a,(Exp) = 0.00 116 592 059(22) [190 ppb]
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v Run-2/3 Result

&R
/

e Datasets were taken at slightly different field settings
e Allows a cross check with one of the most basic “handles”

22.51
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17.51

—1165900
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by Run-2/3 Uncertainties summary

Analysis {‘*’a syst.

Improvements Ce Wa w1+ Ce+ Cp+ Cpy + Caq + Cry
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le
Rupplng Con
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Cad
wp syst.
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~ 157 ppb to 70 ppb
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wp syst.
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= Theory comparison — The puzzle

 Theory prediction is less clear now.
 Comparing with WP (2020) a large discrepancy is found 5.00

< 500 >

+——
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
< 510 >
® +—o—+
SM: e+e- HVP World Average
T.I. White Paper (2023)

(2020)

|

New results in tension
with White Paper (2020)

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
a,x10° - 1165900

. _________________________________________________________________________________________________________|
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e . _ . .
- Theory comparison — The puzzle in the puzzle ®‘

 Theory prediction is less clear now.
 Comparing with WP (2020) a large discrepancy is found 5.00

< 5.00 >
Significance will likely decrease Fermilab 1+2+3
wih n pcaied S presicion (2023) * Considering BMW result for the HVP
< 5.10 >
SM: ev6- HVP World Average term, instead of WP the discrepancy
T.I. White Paper (2023)
(2020) .
¢ is reduced.
) S Lattee HVP
BMW Collab.
(2020)

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
a,x10° - 1165900

. _________________________________________________________________________________________________|
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Ay Theory comparison — The puzzle?
w

* New results from SND2k and CMD-3 since White Paper, CMD-3 shows a discrepancy.

* From lattice side, other groups are improving the precision of the calculation,
converging on a common value.

| D:spersl_ve Approach Lattice QCD Approach
Keshavarzi, Nomura, Teubner: Priv. Comm.
Fermilab/HPQCD /MILC 23 e+
KNT19 n*m~ combination
RBC/UKQCD 23 - -
—_— CMD-2 (03-06)
ETMC 22 - e
SND (04)
Mainz/CLS 22 —a—
—o—+ KLOE combination .
Aubin et al. 22 : e :
— BaB 09
aar (09) xQCD OV/HISQ 22 - | o :
° BESIII (15) xQCD OV/DWF 22 - l = I
o CLEO-c (17) BMW 21 - —ee—
4 not included in KNT19 |, Lehner & Meyer 20 - —e—
—_— SND2k (20) Aubin et al. 19 —e
———  CMD-3(23) RBC/UKQCD 18 4 &
| \ | | . | . arXiv:2301.08274 1 1 1 1 I
360 365 370 375 380 385 390 200 202 204 206 208 210 212

an’ " (0.6 =Vs =0.88 GeV) x 1010

. ______________________________________________________________________________________________________|
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a-2

o Muon g-2 - Run-4/5/6 further improvements

CBO amplitude: factor of 8.6
5.3 - 0.6 mm (for 30-50 us fit)

* During Run-4, the quadruple RF dampening system T T T e
10.0 gRunltol5 i
. KK "‘f::’:ﬁ it }
has been installed and tuned. g oy s i il m ” ml
= Lot R TR LA
. _:-é 5.0 :*.m:'."o . mmn“.bm::* ‘}+M¥’p++:b:+t;*ﬂf TEK }*:ﬁf!:‘] QHHH?F thf HMI }g }}
* |In Run-5 the RF has been used for production data, 3 »sisimie ey
T g dff“\hzﬂ 'Hp’ﬁfﬁ“ﬁﬂ +9f ' '
| o b oo
in order to reduce radial oscillation of the beam %_zs?kh;;zuu A,
st
_5_0{ Courtesy of On Kim
. . . . 0 25 50 75 100 125 150 175 200
* During Run-5/6 has been installed a Minimally Time (s

SiPM boards directly
mounted on frame

intrusive Scintillating Fiber detector (MiniSciFi)

useful to measure the time momentum correlation |

.| Cables feed signal
out of vacuum

for E-field correction and the CBO oscillation.
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vy Muon g-2 Outlook

&R
@

* The data acquisition is finished on 9t July 2023.
* We reached the TDR goal of 21 BNL on 27t" February 2023.

* Run-4/5/6 result is expected in ~2025.

Updated: 07-24-2023; Total = 21.9 [xBNL]
25 25

Muon g-2 (FNAL
g-2 (FNAL) PROPOSAL

20 /’ﬁ";‘- (20 GOAL
0
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:15 -15
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e Conclusion :
& @
* We've determined a,, to an unprecedented 203 ppb precision

N . New result is in excellent agreement
with Run-1 & BNL
FNAL Run-1 {1
ENAL Run.2/3 o More than halved the total uncertainty
FNAL Run-1 + Run-2/3  +—@——4 from Run-1
—o—t Improved our design goal with
World Average . .
systematic uncertainty of 70 ppb.
19.5 20.0 20.5 21.0 215

a,x10° - 1165900
 There is more data to analyze and we’ll squeeze uncertainty down
further in our future results!
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G @
“The closer you look the more there is to see”

F. Jegerlehner

Thank you!!l

* For any question or just to have a chat — elia.bottalico@liverpool.ac.uk

. ____________________________________________________________________________________________________|
31/10/23 E.Bottalico - (EINN 2023) 46


mailto:elia.bottalico@phd.unipi.it

B3

BACK-UP

. _________________________________________________________________________________________________|
31/10/23 E.Bottalico - (EINN 2023) 47



aa Kickers and Inflector

* The inflector cancels the storage ring field such that the
muons are not deflected by the main 1.45 T field.

* Superconducting, operational current ~2.6 kA.

150 T T T I T T T I T T T I T T T I T T T

3 Kickers are necessary to inject magic momentum muons : — Kicker Puse fom Magnetometer Data |

----TO Pulse
- Cyclotron Period

along the magic radius (7.11 m) with a required kick at

order of 10 mrad.

Intensity [arb. units]

e 4 KkA current in 200 ns pulse.

* Design kick strength has been reached in Run-3 (~160 kV).

Time [us]
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* The Electrostatic Quadrupoles (ESQ) system allows |

to strongly focus the beam vertically, four ESQ
stations are symmetrically placed around the ring. |

* The plates are raised from ground to operating

voltage prior to each fill with RC charging time

constants of ~5 us.

* This procedure, known as scraping, initially

Voltage [kV]

C 1 1 ]
7.5 i i -
1 1 -

displaces the beam vertically and horizontally witk  so- :

—— Nominal One-Step E

respect to the central closed orbit. ool | et
Time [us]
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= w, measurement — CBO oscillation PN

w
" Given the restoring force by radial magnetic field, the beam oscillates radially (vertically too)

as the betatron frequency: wgg = w,v1 —n, where nis the field-index.
* The beam is measured by detectors, calorimeters and trackers.
* The wpp < w(, so calorimeters see a different phase at each turn, measuring an oscillation

called Coherent Betatron Oscillation (CBO), given by w-pp = wc — Wpp
Detector

_________________ -
L I DR I R |
Cycle |Cycle |[Cycle [Cycle |Cycle anCBO = We — Wpp = wc(l . /_1 — Tl)

I 2 3 4 5
A NN cossiman

A\ Where T, ~ 0.149 ns andn ~ 0.108

CBO motion, as observed l?y the detector

radial position
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b Beam dynamics correction to w,: C, AN

Considering the extended expression of the spin precession frequency in a
magnetic field:

— e g ]- = ]/
i 2o~ (o) ) - (s

:g AR AR AR AR SOARL R R AR
~ -
This term introduces a bias on w, that needs g . Zani B
2 [ TRunid
to be corrected by Electric Field correction: o6
<2 0.4}
C, = 2n(1 — n) B2 =22 is proportional to the :
O 0.2
equilibrium radius distribution x,,. o .
—40 —30 -20 —10 0 10 20 30 40

C o ~ 48 9 Ilp b Equilibrium Radius [mm]
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e 1 1 . u
= Beam dynamics correction to w,: C, P

Considering the extended expression of the spin precession frequency
in @ magnetic field:

7 [0~ (1= 57) () (29) 8- ]

C,: the pitch correction C), =

C, ~ 200 ppb

n < A5 >/4R§ depends on

amplitude vertical oscillation
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(y/
Many systematics come from effects that change the phase of the detected

positrons over time and introduce a bias on w,:

cos(wqt + @(t)) = cos(wat + ¢g + ¢t + ...)
\\ = cos((wg + @' )t + Pg + ...)

In general, anything that changes from early-to-late within each muon fill can
be a cause of systematic error, as:

 Beam distortion

* Muon losses

* Varying lifetime

 Rate dependent reconstruction
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L4 4
&R\
/

Cn: describes the motion introduced on w, phase due

Beam dynamics correction to w,: Cy,p,

A

dpo/dp = (—10.0 = 1.6) mrad /(% Ap/r

. . . E st E
to the loss of muon during the fill. It’s explained by: 2 oF E
T s 3
1. Muons with different momentum have different & £ E
sF E
. - + Data ]
phase’ -8 Data Fit E
) -15 [ Simulation [68% CL] —
2. The number of loss muon change as function of B S I TP
Ap/p, [%]
momentum. 1) 2) a 0.005 vt
£ ooosf N
A dgﬂ d(p dp 3 0.003F
) . 0.002F
a g
dp dt 0.001F
0.000F
—0_001; .
C.... <20 ppb o002 — il
lm 0.003=55"""700 750 200 250 300 350
Time [ps]
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A Beam dynamics correction to w,: Cyq AN

* The measured g-2 phase of the muon is decay vertex position dependent.
* Itis obtained as weighted average of the phases measured by each (x,y) pair

position.

No(t) = Nooe "7 [1 + As cos(wat + )]

Ni(t) = Nore "7 [1 + Ay cos(wat + ¢1)]

N(t) = Ny(t) + No(t) = Nge /7 [1+ Ay cos(wyt + ¢5)]

No1 Ay sin(¢q) + NoaAg sin(gs)
No1 Ay cos(¢1) + NoaAs cos(¢o)

¢y, = arctan

40 -30 20 10 0 10 20 30 40

Decay X [mm]
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Phase acceptance: Beam Motion Effects A

5 Time since injection: 5.0 us
E [
E L
§90~
g - ) ‘..,u,ma.;‘
a40_— :
RS}
= B - :
E L.
>20_ . 4-6 id" sn &
_'“ .."' - 031 129 -7.9
C.
0_ pEognig, @ - 4 o
= . 1:;13:.1-;;{:-:
3 A By
—20— . - Vo
40|~ .
60|
ao_llIIIlI|III|'I.II|IIIIIII|III|III
80 60 -40 20 O 20 40 60 80

Radial Position [mm)]

31/10/23

Phase [mrad]

VERTICAL WIDTH VARIATION

Early Times

Beam

Phase [mrad]

40 30 20 -10 0 10

20 30 40
Decay Y [mm]

Phase [mrad]

Late Times

10/ Lost both of

these bins

40 30 20 10 0 10 20 30 40
Decay Y [mm]

RADIAL MEAN VARIATION

Early Times

Beam

40 30 -20 -10 10

E.Bottalico - (EINN 2023)

20 30 40
Decay X [mm

Phase [mrad]

LJte Times

40 30 20 10 0 10
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o Beam dynamics correction to wa- Cpa

C,q: itis a Phase Acceptance effect. It is due to: E P T
c 145F =

5 = AYrums :

1. Beam variation during the fill; £ af dt E

E 135 Yrms E

2. Phase measured as function of the decay g b E

o . 12.5;— ............ R ,,..".',‘.m".o,o4ﬂtuﬂfnﬂ,;ﬁﬂmﬂfwififf

position. 1) 2) £

0 50 700 150 200 250 300

d(p _ d YRMS d(p i Time fus)

R L L L L L L L L L L L L LB B LI BB

. — ° - — Phase
Aa)a — — : (a) N, Early Beam :
dt dt dYRMS Y A U Late Beam -

The effect was large in Runl due to broken resistors

Cpa ~ 180 ppb

We expect a reduction in Run2/3 (~50ppb/ ~20ppb) T,

Muon Weighted Phase [mrad]

Decay Y [mm]
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S Beam dynamics correction to w, AN

w

¢ These are the FESU|tS fOr the BD Correction Factor [ppb] Uncertainty [ppb]

w, (stat.) — 434

. wa (syst. - 56

corrections from Run-1, the phase par) - 2

Ce 489 53

. Cp 180 13

acceptance (C,,,) correction was one Cn u 5

_ _ gff,-b @y 0) M(x7,9)) - 56

: —17 92

of the topic | addressed during my PhD. & o 2

15 (34.7°C) /j1e [PCKT7] — 10

1c 1 1 1 1 m,/me [LAMPF-99; CD-2018 — 22

* Now analysis is ongoing to finalize the  7«/m [A0 | - :

Total Systematic — 157

: H Total Fundamental Factors — 25

Run-2/3 beam dynamics corrections, 9 cas -

stay tuned!

. __________________________________________________________________________________________________|
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