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&3 Overview A%

« Goal: Liquid xenon photon detector
» Describe the MEG I COBRA R R 2240 00ecns (LXe)
experimental technique and its supercgnducting magnet ;’:{.\,‘ v
data analysis \

e Discuss:

e Charged Lepton
Flavor Violation (CLFV)

 MEG Il experimental overview
« MEG Il data analysis

QQA;

gﬁ@(’@{

Pixelated timing counter
(PTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)
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1?3 u—ey Decay A

« No instance of charged lepton flavor SM y—ey
violation has been observed

. €.7g. u—ey decay:
SM BR is negligible ~107>%; OC[A(m")] W (k " (q+k)

mi;
. M—ey observation would be clear sign of
new physics n () E Uy Ytk U3 e (p—q)
. Many SM extensions allow for other

u—ey decays at significantly higher,
detectable rates
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l?ﬁ Charged Lepton Violating Theoretical Models%@
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‘?ﬁ MEG [I-Mu2e Comparison Ao

m

_ p
. Model-independent effective Lagrangian with two Lorrv = (k + 1A

types of theoretical models r
(1+ k)

SHrower M + h.c.

A2 HLYuEL (’EL’}’”'UL -+ GfL’}/*udL) + h.c..

. If (e.g. SUSY, k<<1):
BR(u — ey) ~ BR(uN—eN)/a

A (TeV)

. If (e.g. leptoquarks, k>>1):
UN—eN at tree level and uy—ey at loop level S

1 B(u — e convin 27A|):10—16-

. If MEG Il sees a signal, likely indicates a signal for Mu2e e
In K<<1 space '

« Similar relationship between MEG Il and Mu3e at PSI

de Gouvea, Vogel:
https://doi.org/10.1016/j.ppnp.2013.03.006
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https://doi.org/10.1016/j.ppnp.2013.03.006

P\ b

Theoretical Impact 2D

The final MEG result cited in
~500 theory papers with >100 in
2022

The results of MEG Il and CLFV
experiments in general are
strongly motivated by current
Interest in the theory community
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MEG Il Experimental Overview
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@ﬁ I\/IEG II Experlment A6

UTokyo INFN Genoa

o International collaboration
of ~ 60 physicists

o« Based at Paul Scherrer

Institut located in Villigen, KEK INFN Lecce
CH near Zurich Kobe INFN Pavia

: INFN Pisa

o Uses the PSI proton ring INEN Roma

cyclotron
e 590 MeV protons

e Unbunched surface muon
beam produced:
Stop rate = 7 x 107 Hz,
28 MeV muons

UC Irvine BINP
JINR

PSI
ETHZ
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&% MEG Il Goal o

History of CLFV experiments with muons

1IlllIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
Ald RS RASLE RLELS LTS LAY RARE

0 i PEESE N P — S S— S Vll—>eY ......... -

« The current y—ey decay sensitivity is
4.2x10~13 (90% Confidence Level), set by
MEG |

90% C.L. Limit
S

. The MEG Il collaboration aims to increase LI o S O O WO W W
the sensitivity by an order of magnitude. ] o —-— S S S SO S

10—1441llillll]lllllllllillllillllillllllll

1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
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l?ﬁ MEG Il Experiment: Signal/Background 2&@

. The uy—ey signal is a two-body decay at rest,

signal e/y have equal and opposite Signal Decay &
momentum (m,,/2) U
« Background does not have these ‘
characteristics: /
 RMD (radiative muon decay) :
ut >y ety v, (small E v, V) Y
« Accidental background: high p,, coincident with y ,
from RMD, AIF (e* e~ — yy), etc. Accidental RMD e 4
Background S
* The experiment requires precise kinematic . ’
measurements of the decay products to H . .
“A

distinguish between signal/background Voo,
decays 4 - V
Vig

Dylan Palo — University of California, Irvine
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‘?ﬁ MEG Il Experiment: Apparatus Ao

Nace XR+ ¢ AEZAD o+ 9 A+, ® 00 4, ¢ AL+ o T

« Stopped ut decay in target; decay

pro_ducts (e, y) are measured In Max B~1.3 T Liquid xenon photon detector
various detectors COBRA P, / (LXe)

. Similar design to MEG I, but all S“percid“a'”g B
detectors have been upgraded 4

« Kinematic estimates at target
by propagating e™ to the target, then
projecting y to e™ target vertex

(Aee"'y’ A‘pe"'y» Ate"'y’ AE,, Ap,+)

Pixelated timing counter
(pTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDQ)
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l?ﬁ CDCH Detector A6

. Upgrades:

o New ultra-light stereo open-cell drift
chamber to improve efficiency and
resolution

e More track space points in drift chamber to
improve resolution (1150 readout drift cells)

« INn 2021, the chamber was filled with

He: C,H{y: C3HgO: 0, (88.2:9.8:1.5:0.5) Time-Distance Isochrones[ns] \(/:Vri:meoesrit(i?enr?t:rt

0.5: —60( EMO:I' . i ‘ Z = +0.0 [mm] i
o4t —50( ;130— K l. "
Kinematic MEG II “F =
Core 0 MEG | Goal ‘: S|
A 110+
De, (keV) 380 130 o =i
0,. /9., (mrad) 9.4/8.7*  5.3/3.7*
L 20( L
t.. (ps) 70 30 02- e
Zg. Iy, (Mm) 2.4/1.2 1.6/0.7 o o sl v
e+ Efficiency 3 70 T o L B N
*P., €stimated at plane perpendicular to track X local [om]
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1%3 pTC Detector A%

» Upgrade: new design with higher hit
multiplicity

o Two semi-cylindrical modules, each
consisting of 256 timing counters

o Counter consists of a scintillation tile with
double-sided SiPM readout

« Individual counter timing precision ~90 ps
e Signal e, <Np > ~9; ate+=30 pPS

Kinematic MEG Il
Coreo MEG | Goal
De, (keV) 380 130
0. /¥, (mrad) 9.4/8.7 5.3/3.7
t.. (ps) 70 30
Zo 1Yo, (MmM) 2.4/1.2 1.6/0.7
e+ Efficiency 30 70
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1?3 LXe Detector A6

« One of world’s largest liquid Xe detector

. Upgrade: inner face is now covered by
4092 MPPCs (Multi-Pixel Photon Counters)

« Other 5 sides covered by PMTs

MEG
Kinematic AN
Core o MEG | MEG Il Goal a8
E, (%) 2.4 1.1 E':E:.'-;
u, (zy) (mm) 5 2.6 HEg
vy (Rgy) (Mm) 5 2.2 =88
wy (Ry) (mm) 6 5 i
t, (ps) 60 60
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&% RDC Detector "W

* RDC eliminates RMD some accidental \ / 7 detector
. . COBRA magnet 8
events using LXe/RDC time-matched S e
V/e+ 1 uz.\n),)\\‘ - RDC
* Remove events based on:  m— = —
« yle™ relative timing (scintillator) z . 2T
- et energy (RMD~low p,+) (LYSO) S 'EMCRMDe™
< B .
. e — [ MC Accidental e*
* MC predicts MEG I sensitivity BT
. 5 10"5—
Improvement of ~15% =
3
E o
= 10
Z

0 10 20 30 40

RDC — LXe time difference [ns]

Future FNAL CLFV -03/29/2022 MEG Il Experiment: Search for p*>ety Dylan Palo — University of California, Irvine



@ Target Analysis A

j ) ”F
e Target position error was of the main sources ’
of uncertainty in MEG | 180 Radl thick
o Target 0.5 mm normal error |

— 5 mrad ¢, error

» Monitor the target motion using a photographic
camera analysis

» ‘Hole Analysis’: image holes in target by lack of
positrons originating from the hole position

MEG Il Experiment: Search for p*>ety Dylan Palo — University of California, Irvine



o MEG Electronics+Trigger A

All detectors use custom WaveDREAM (Waveform
Domino REAdout Module) electronics boards

O(10k) channels contain 1024 ‘sample-and-hold’ cells that
sample and temporarily store detector signal (1.4 GHz)

MEG Trigger Conditions:
« [LXe Ey> EThreshold (40-45 MeV)

* Time Match: pTC/LXe | Tpy | <12.5ns Ritt: https://doi.org/10.1016/j.nima.2003.11.059
* Spatial Match: pTC/LXe based on p—ey - .

decays simulated in Geant4 B ;"‘"“'“‘m
« Trigger rate of ~ 10 Hz at 4 x 107 p/s o | o E———
E 17| .. SO -. - Triggered sample é
" 2000 | ,,,,,,,,,,,,, E:
ls(x) + ” .............. _i
s e JL S S HH* __________________ [
T T IR Y Y
-y SRR W
A ' ‘ "' R

coincidence time (s)
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&% 2021+2022 Datasets g

. 2021 dataset consisted of

~24M MEG triggers at varying ’s Run 2022
‘.;""\ - ]_ T I T T 1 T T T T 1 T T T T 1 1 I T T T T T T ] '"T"_"'l__ mmmmm—-— :
beam rates S F i Run 2012
2345 1079 S, 2 T—— :
. 2022 accumulated more Stops = L. s .
= - —
than any MEG run to date! = L3 20127, 74665 N
ERE :
E 1 Initial Low ]
3 B DAQ Eff Run 2021 7]
< [ :
0.5 ]
|: Y A L / Lo ]
U‘{’Mdy 02/Jul 01/Sep 01/Nov
Date
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&S 202142022 Data Analysis g

« Optimizing resolutions/efficiency is
critical to achieve the optimal sensitivity
and ultimately detect p—ey

. Data analysis:

e Positron analysis:
CDCH+SPX waveform data — e* kinematics

e Photon Analysis:
MPPC+PMT waveform data — y kinematics

e Target analysis: tracking target position,
orientation, shape

o RDC analysis: matching low momentum e* with
LXey

e Physics analysis: optimizing data selection,
kinematic resolution estimates, kinematic
correlation, etc.

« Will highlight some kinematic resolution
measurements in next few slides
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-

3 Positron Resolution

* e.g. data-driven e™ kinematic resolution Z Slice
estimate compares two independently
measured/fit turns on a single e* track

« Compare kinematics at a common plane
between the turns

Turn 1 Turn 2

-,

N
‘h%

7,

hz

21 Future FNAL CLFV -03/29/2022 MEG Il Experiment: Search for p*>ety | Dylan Palo — University of California, Irvine



%‘ﬁ‘v Double Turn Analysis W ¢

* Preliminary double turn 3¢ 107 /s
(DT) resolution estimates % : MEG |
are a” improved W|th InemaFIC MEG Il MEG Il 2021 MEG Il 2021
respect to MEG | Resolution Core g Goal Preliminary Preliminary
+ Improving single hit Coreag DT Coreac DT Single o
resolution, magnetic field P, (keV) 380 130** 04 105
map, etc. aim to achieve
the MEG Il goal 0.. /9. *(mrad) 9.4/8.7 5.3/3.7 7.4/5.3 8.1/5.9
resolutions Zoi Yo (mm)  2.4/1.2 1.6/0.7 1.9/0.7 2.1/0.8
* ***Goal resolutions are *P., estimated at plane
based on signal e, ; perpendicular to track
double turn resolutions **hased on early CDCH

are corrected by MC
Usignal/ Omichel r_atlo due
to momentum difference

track fitting algorithms
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By 2021 RMD Timing Peak ol

. Use true non-accidental RMD e */y pairs at RMD t,,,, with TC per-event Errors
standard beam intensity to estimate o; .
ety

e = rrrrrrp T e T T T T T T T4
£ 600 T T o b

. Direct measurement of o, . s | With kinematical cut
ey < 500 —
. For events with 9 Ny (<Ny-> forsignal): § ¢ .
or , ~83 ps = O b

L+ -t

° 300%j JPL ?*L’L At *H__
. Comparable to MEG Il goal 05 ]
200— —
1005— —
0:L J | J:
-3 2 3
t., (ns)
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‘?ﬁ Preliminary Sensitivity Estimates Al

==
|

N

')

 Maximum likelihood analysis

« MEG Il 2021 dataset expected to approach the sensitivity limit set
by MEG |

« MEG Il 2021+2022 expected to surpass MEG | by a factor of ~4

» *Sensitivity here hasn'’t yet been updated to reflect updated
resolutions

« **Single event sensitivity is the branching fraction that would result
in 1 signal event in the dataset

branching ratio sensitivity

10"

Dataset Sensitivity (10713) Single Event

90% CL Sensitivity (10~13)
MEG | Sensitivity 5.3 0.58
MEG Il Preliminary 5.3-6.1 3.85 I N o O S
2021 Sensitivity Estimate 2023 20224 20525 20526
MEG Il Prellminary 1'2_1 '4 0'81 10—14 L1 1 ' | | | * L1 1 * I L1 * [ I * ]
2021+ 2022 Sensitivity 0 20 40 60 80 100
Estimate DAQ week
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‘?3 Summary of Current Status g

 In 2021, the experiment had its first physics run, achieving resolutions comparable
to the MEG Il design (e.qg. Op 10t 0., O-Z’Ye"')' Finalizing algorithms for the 2021
physics analysis (CDCH alignment, LXe calibration, tuning likelihood PDFs, etc.)

* Now the 2021+2022 dataset is expected to achieve the most stringent limit on the
CLFV p—ey decay.

 Plan to publish 2021 results in June and 2021+2022 at the end of 2023
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‘?ﬁ Summary of Future Work A

« Data analysis upgrades:
» Optimize the magnetic field calculation/measurements (improve resolutions)
» Alternate LXe energy calculations (aEy~1.8% with goal of 1.1%)
» Alternate CDCH track finders (higher efficiency)
« Beam intensity optimization for 2023+. Dependencies:
« LXe MPPC guantum efficiency degradation (annual annealing post-run)
* Out-of-time ‘pileup’ in CDCH and LXe
» Resolution/efficiency
« Hardware:

 Drift chamber with additional layer designed with new material to avoid high current issues for 2024+
« Work on upstream RDC counter

 DAQ:
« Comparable DAQ weeks in 2023, plan to share beamtime with Mu3e in 2024+ until shutdown

Dylan Palo — University of California, Irvine

Future FNAL CLFV —-03/29/2022 MEG Il Experiment: Search for p*>ety




Backup Slides

Future FNAL CLFV -03/29/2022 MEG Il Experiment: Search for p*>ety Dylan Palo — University of California, Irvine



Thanks!
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1?3 CDCH Waveform Analysis: Noise Suppression%@

Noise Spectra With/Without CNS

° Observed IOW frequency noise on the g oL Before coherent noise subtraction
& After coherent noise subtraction

CDCH waveforms coherent over entire
electronics chips

* Developed algorithms to suppress noise by

averaging the voltage bin-by-bin/chip away I - - m

- e e | Low Amplitude Hit-

from si g nals ‘.,,’5’ I AT TN MY ot Befo re CNS E

. . . .. . . . A i \‘,,,y)f:‘,.f LYy ‘\f

* Noise suppression is critical to improving hit E
- - - - —30 ll A ll‘wirAe 4:12.5|dej | -
efficiency and improving track space-point 33 Low Amplitude Hit:
M- " AfterpNs E

measurements 05 Ly [‘, :,'lj.F...‘.ﬁ','.lF“,.y.,;,.:p.\."f,,_z.‘.:; r“r ,‘, ” l”[' ,[ ri!,uj‘
202 800 700 600 500 400 300 200 00 [n 731
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b

CDCH Waveform Analysis: Track Measurements =W

. : , I . . |_wire 1382,side 0| __
* Primary CDCH measurement is the track’s £ "5 Nominal E
. . ) E_ “&.'. ?‘! h _E
distance of closest approach (DOCA) to a wire’'s = — HitTime [0 ot e [ =
Center 722 gl\,\r l‘ N ""M,. " f[ “fl rJ “u,.i,IU.I \,\1,5 LW A \f:‘*"f"\wl\fm b sl i Mf W&Ml\é
« Waveform analysis results in estimated hit time. _ e .
Combine with track TO (from pTC), yields a drift = == , PR E
. 20 é ', ‘V\a‘f\'-‘u:\‘ M | é
tlme ° _:%LM PP ”“P “}‘ l«"’v*’f‘}«‘mj\! ULV}JQE Y \M L WJ M W A ‘W‘ e it ""l‘“’W*A',f"?A.v‘x\,v‘-‘.f;w\%’mm'f\p,lh jﬂ%
* Requires time-distance relationship to - 5 o
estimate the hit DOCA. Conventionally
: <DOCA Error>: Doca
calculated by Garfield qqgp DOCA Error _
CNN [um] — CNN
. 1/A=99
« Replaced by convolutional neural network (CNN) "o —sm
approach offers a data-driven approach by training o N e
on tracks in MEG data o T
. . 60| sTDwm I S SO e _ *+ .............
» Improves DOCA resolution, reduces DOCA bias —o 5 : 3
produced by ionization Statistics’ and improves 40-_-“ ................... ' * ........... __ .................................................... +: .............
klnematlc resolutlons i : : __4- ............
20__ ..... ) ] .............................................. :_f+ -----------
Ot-z—r’;—;}. L1 i T . :IIII L n L ||||:|+|||
-500 0 300 0 01 02 03 04 05

Future FNAL CLFV
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Hit DOCA - Track DOCA [um]
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Track DOCA [cm]
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&3 Wire Alignment A8

X Error on Wire 401[um] Average Y Error for Layer 4 Wires [um]

* Align the wires by
calculating residuals as
a function of position
along the wire axis

* Iteratively correct the
wire by applying
translations, rotations, Axial Coordinate [cm]
and a wire sagitta X Error on Wire 401[um]
(electrostatic) L

* Improves kinematic
resolutions and biases
In the kinematic
resolutions

<Hit R-Trk R=[um]

<Hit R-Trk R>[um]

Track-Based "8 ,
Alignment '3

S50 0 50
Axial Coordinate [cm]
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1?3 Target Analysis

VSIS A

6 holes in the target foll

 Calculating hole’s 3D coordinate
using e™ vertex distribution

* Yields absolute CDCH/target position

 Parallel coordinates estimated using
vertex slice (no effect on kinematics)

* Normal coordinate estimated by
calculating apparent hole coordinate
VS. @+

Y [cm]

- Hole Anal

tan® dependence

[x/mde ' asees7 |

[ Prob 0.6714 ]

| po ~0.2908 + 0.0040 ‘1 —

[ p1 0.03041 + 0.00622 —‘l— il
[

Future FNAL CLFV -03/29/2022 MEG Il Experiment: Search for p*>e™y

Y distribution for - 0.2<Z < 0.3

4000

3500

Nominal |
3000_3-_| ole

- .
2500 Coordinate

2000F

500F

S o I

Careful treatment
to avoid fit errors!
(e.g. use MC)

X:0.03 + 0.006 cm away
from nominal plane
Y: —0.291 + 0.004 cm

Dylan Palo — University of California, Irvine



&3 Track Selection A8

25000
« Track selection is implemented to achieve an appropriate 200000 /
positron sample

« Poorly measured tracks contribute a small amount to the
maximum likelihood and require significantly more 10000, -
complicated PDFs. 000l e

o ldentify function that eliminates mismeasured tracks while | Perror
preserving quality tracks

B TR T R—T 52 54 56
_ > 50 P,error /
. Data-driven example: 1

e p.+>52.8 MeV is unphysical. p,+ > 53.5 MeV is mismeasured by >50 E

15000 -

[MeV]

e Compare measurables in p,+ > 53.5 MeV/ p,+< 53.5 MeV regions X

Nepen |

e €.g., Mismeasured tracks have large y?/N;pcy and small Nepcy

Apply machine learning to perform binary categorization using
measurables (e.g., covariance, x?, Ncpcy)

NCDCH“
e Dense neural network achieves improved categorization with respect I NN ! DOF=2N,p;

to box cuts. Removes bad tracks over all p,+ .

0

2 2 4 25 SIO 15 160
X°/Ncpen Ncpen

Dylan Palo — University of California, Irvine
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oy Double Turn Analysis Al

Y Vertex DT Comparison Z Vertex DT Comparison Momentum DT Comparison
. = f =0. == V2=1. o =
* Turn kinematic — s | o | amE — o
comparison at target — o Boremm| il B e
plane s00f
100F 500E
2 — 2 2 3 100F
° = 300 3
OAA= OTurn 2 + OTurn 1 - 300F
) : 200F
¢ <P2'P1>~ '100 keV, St'” | 1005 - | | | : 100g
: . : . ] 0.2 0.4 ] 05 0 0.5 1 0 -
under investigation... ¥,Y, e 7,7 fend B ’ by P, MV
SuspeCt magnetlc fleld @ DT Comparison at |®|<0.2 rad O DT Comparison
= Oore/ Y275.66 mrad 1000 oo 12=8.06 mrad
systematics : I ; ]
»00F —— Gy ¥2=6.26 mrad 800k —— O,/ 12=8.84 mrad
1505 600:—
1005 100
505 2001
o L 0.04 X A R AT
D, - P, [rad] 0,- 0, [rad]

¢., estimated at plane
perpendicular to track
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&3 pTC Time Resolution A8

. pTC g, , estimated by mE e e

e. ] 70 S R ST v ...... s

comparing time of DI | o T

evenodd ordered hits | 383 O

|n the Same “CIUSter” Of 50 ‘°°§_ ......................................... 3
SPX hits Sy oy . v N R e

112 . 8 hits 10 hits

[ ] F It for J (N ) hTEvenOdd-hitd | Odd-hits | ' . 1 nyvenOdd-hit6 |
t + TC B 9 3 Entries 5 52584 [7111] SEEEFEPRSPPPPRSNR B Rutriegs »orsossoae 39269 % G - —— 16346 ]
e NTC . % Meah - v e s s o - 0082121 ] H : : X 0.001761
- . fsaper  : 084042 ) S L Rt : A X 1 Revss ca s 0.03483
L : g /mar 92.05/86 L I Jpcimaf L T428/79 i L 9731173
B + p ’ A XConstant . .- . ... .1066 x 61 ] 700 2] iCo < AhConstant . ... ... A009. x 4.1
+| pean 10002351 = 0000187 []  cagB ik s o Mean. . . . 990233 .4 0.00019 3 : ! A 002413 = 0.000274
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g XEC Resolutions ol

LXe CEX Setup LXe CEX Energy Distribution
with Varying Depth (w)

. CEX Reaction:
e Mp—-Tnmm —>vyy
e E,=0.5my y(11Bcos B¢yt
e Orest = 0;B~0.2; E, =55/83 MeV

» Separate detector (BGO)

0.8 - 2.0 cm < w < 6.0 e JL ............. .............................. .|

. Hydrogen target 6.0 Cm <w<15.0 YC :
selects back-to-back y pair @rtex 0.6 T
Atsco—1xes Egco, ~ Escapef
Cpering ailes 370 deg (o :
ps - g d
. CEX reaction used to - q
. Calibrate Ey, t, pe0 crystal f |
: % 0o 70
e Estimate O-Ey, O-ty ViEG E[MeV]
« Ongoing work to calibrate LXe  Kinematic MEG Il Preliminary
to achl_eve MEG Il goal Resolution MEGI| Goal 2021
resolutions (E,) E, (%) 2.4 1.1 1.8
t, (ps) 60 60 70
Futlre FNAL CLFV —~03/29/2022 |  MEG Il Experiment: Search for i* >e*y




(?3 Backup: XEC QE AVl

MPPC Response under muon beam

-

—{

®  Response to LED light : S

* temmnvivien | \risible light sensutlvftv

—
.

| ITTTIT'TITT"FTTIT'TI”q‘TT[TTT?TTTI T']ITT 1111 ] 111 I IR I 111 l 1111 i IR BRI

* Anneal MPPCs every year in
order to recover MPPC quantum

1.05

Normalized Response

efficiency o @ d oA greomece o omoum
. . 0.95 . i L %0 o
* Quantum efficiency and therefore e,
- VUV llght sensitivity

the signal/noise degrades with
beam exposure

* Anneal using Joule method: I.e
high current

I

P ExpoJuro to muon beam

200
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u‘lmh 1111«i 1111 Jlllll u 111!1111 1 lm | 1Ll | 1111111111

Accumulated Exposure
[hours at MEG Il intensity]

| i
24110 3110

Dearadation speed ~0.08%/hour

-
-
o
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‘?ﬁ Backup: Wire Alignment D

. . . Hit — Track it —
* Motivation: observed systematic et oy Track
mean residuals perpendicular to the [} | Al .

. . . . 1 . e I ’ —
wire axis. Causes biases observed in ! L. | A
kinematic resolution checks . ' i .

- . | e e |

* Graphic shows how tracks can align : : ! ! E '

. st 1 /

the anode wires. ! E | : i

c 1 : I ! I

* Dotted vs. solid lines represent the ] __d i J

. ° \ [e—— .

true/incorrect drift cell Hit — Track Hit — Track

. . . Vector Residuals Vector Residuals

* Hit vector is aligned based on the -—= S
trackdoca | 4TSN

* |n all cases,
hit X —track X >=0

* Clear that information is maximal
(minimal) if track is perpendicular
(parallel) to the alignment error
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‘?3 Backup: Sensitivity A

MEG | Se

« Sensitivity is the average upper-limit n,s',t'lv',tY |
based on many pseudo-experiments run
with a null hypothesis 120

100

140~

80
60

401

20}

| | 1 E 1 1 L L L | | 1 I L L ><]. 0_13
0 5 10 15 20
Upper limit
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