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Motivation and principle of u = ey search 3

New physics example:

‘U —ey search at MEG lI u — ey from slipt;)n mixing
e CLFV decay, forbidden in SM i .ﬁ

e Target sensitivity: Br(u — ey)~ 6 x 10714
—> Can probe O(10 TeV) physics .

180°

e Search strategy (\/v m

 Signal identified by kinematics l,:X::mentt,me
» Statistics: NSlg X RM -T-Br(u—ey)- e '\ ] € Efficiency
* Main BG: Accidental coincidence of BG-e & BG-y

* Ngg < R;-T -6E,-SE; - 50 - 6T

- Use of DC beam @PS| Kinematics ____|signal __1BG_______

ey time difference Same time No correlation
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O0E, 85T, 50 Resolution

— High resolution measurement

. .. . — ey direction Opposite No correlation
* Second BG: Radiative decay with small energy Vv ! PP
. E, 52.8MeV  <52.8MeV
X 0.1 compared to the # of accidental
E, 52.8MeV  <52.8MeV



MEG Il apparatus

Coordinate definition W

* Muon stopped on target
* Positron detection with magnet + DCH + pTC

* BG-y tagging with RDC detector

e X-axis in opposite of LXe

* Gamma detection with LXe detector * Z-axis in downstream
* 0,¢: polar coordinate
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Liquid xenon photon detector
22000, (LXe)
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Pixelated timing counter
(pTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)

(RDQ)




MEG Il apparatus for vertex & track >

e Positron trajectory in B-field

1. Emitted from target
2.  Make hits on drift chamber (DCH)
3. 1.5o0r 2.5 turns from target to timing counter (pTC)

Hit on pTC

. Hit on DCH u stop target
* Drift chamber

e Stereo geometry wire chamber

15t hit on DCH

* Tinner = 17CM, Toyter =27 CM

* 1 stop target

* 15° slanted w.r.t beam

 r ~ 3.5 cm projected on XY plane
6 holes

Camera For alignment
Dot markers

i S
Holes https://doi.org/10.1063/5.0034842



https://doi.org/10.1063/5.0034842

Reconstruction

e Positron reconstruction

St * Decay position and angle by track extrapolation to target
\Ie(s\o(\ ° * Time measured at pTC & TOF correction with track
o0 @CO(\ qek * Energy from track curvature & B-field
oos“ud\ nof Ve
Y ee eco\’\s“uc ¢ Gamma reconstruction @conversion point
%. - v o0 e Conversion position by light distribution
TTm--0o ova® * Time by combining measurements at photo sensors
Q 7@(8@ Y g Y
N <¢aC € * Energy by total number of scintillation photons
. |
%*g. ;5\ * Full reconstruction of kinematics @vertex
Hitsn:)n T)CDH .

Gamma angle by combining with vertex

15t hit on DCH reconstructed by positron spectrometer

Gamma time @vertex reconstructed with TOF correction
Scintillation photon on

LXe MPPCs & PMTs



Observables in analysis 7

e List of observables B [

e fernnenenenn - NG 569,20 0000 4. 30 | 3
H —#— H L
e P RRD 22001000 40.20. | 3

coe el WSt 153 0.0 4T | S

Events /{ 0.1 ns }

tey =1, —te
* ¢ey =T+ ¢ — gby} Opening angle

Events / ( 0,00013 GeV )
>

. Hey = T — He — Hy decomposed into 0, ¢ _ : : | : _ :
- E, T :
= 'zlz' , 2.'4'4 56\ '1[13' s O 0s2s ' 'b.t:si - u.u-sas
° Ee Time difference hetween p-mjlmn\m:l SANINE (ns) Positron energy { GeY)
 RDC hit Signal peak in the flat BG distribution (if Ny;4 > 0)
Tracking momentum uncertainty
.. 24000 -1 L L DL L L L L L L
° Cond|t|ona| Observab|es ;3332:/\:
e Track fitting uncertainty o S I 1 S A B
. 14000 | E With smaller uncertainty,
* ¢ emission angle 12000 | f , . N
. 10000~ signal peak in E, distribution
(Parameter correlation depends on @) 2000 ] E
_ , 000k | ] becomes sharp
e Conversion depth in LXe 4000 JJ \
20033‘”‘...‘... | 3

L IR SR R
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[keV]



Statistical method of u — ey search

* Likelihood analysis to estimate Ng;,,
e Extended un-binned fit on energy, angle, time & RDC

—_ 2 _ 2
L(Nsig, Nace» Nrmp) = exp (‘ Wrup - Krap) ) X exp <— (Wace — facc) )

2 2
20RrMD 20 ¢

Additional external constraints
/

e~ (NsigtNacctNRMD)

X X ndataset (Nsig -S(x) + Ngce - A(x) + Nrump - R(x))

Nops!
L ’ 4 / I
Extend likelihood \ /

. . PDFsof E_, E,, t,, etc.
* Confidence interval er Ly Ley

* Feldman-Cousins method, profile likelihood ratio used for ordering: 3(n,; ) = L(best fit with ﬁX?d Nsig)
https://doi.org/10.1103/PhysRevD.57.3873 L(full best ﬁt)

* Branching ratio
* Branching ratio given by dividing with normalization: Br = % = Ny;y XSES


https://doi.org/10.1103/PhysRevD.57.3873
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Time PDF

—~ 900 . RMDfittng .
* Signal time resolution evaluated with RMD < 00 Wi
E 600ttt b T pTy gt odabod
. O't — 66 69 112 pS ; :zg%[ ++l TW? T++ e mﬁfﬁ'ﬁft%}+ﬂﬁ
Ve 4005
* Depends on # hits on pTC "
* Average oyy,: 83 ps 2001 |
100
o _ U — —1“”"4!0\\ T2 3
e Background distribution e (09
* Non-flatness due to t,, time-walk in trigger logic
i |I’1C|Ud€d |n PDF evaluat|0n \ Close to LXe inner face Far from LXe inner face
o Uncertainty 300;_ ...... ....... ....... ...... _
7 ps uncertainty on peak center position PRSP TP TN SO S S
e 5 ps uncertainty on resolution mf-ooo Blinded oo R
. e . 0y ——— S 0  E— ' ' '
- 0(0.1 %) impact to u — ey sensitivity tn @9 @9

In 2021, trigger t,, used only sensors on inner face



Positron momentum PDF 11

* PDF evaluation from background (Michel) fitting Tracking momentum uncertainty
* Can calibrate energy scale and resolution 22333
* Fit function: (Theory X Eff(Ee)) & Resolution of E, EEEE ;
. Eff(E,): E, dependence of efficiency (Modeled with erf) T N T S
* Tracks categorized on E, uncertainty in track fitting 10000} :
. Clear Change in resolution and Eff(Ee) 2333__ SN A NN Y S I T
* Uncertainty K VAR TT R
* Energy scale: 10 — 20 keV T —— // .3
* Resolution: up to ~10 % Zromo. ;’fh\\
* Fit resolution well agrees with tracking uncertainty ::: _..: 1| i l
= 0(0.1 %) impact to . — ey sensitivity *:?f Observed Spect_rur; g fit \\
s ——

£ E, (MeV)



* Accidental background
* Non-flat distribution

* Trigger requires direction match between positron & gamma
 Directly taken from sideband

* Signal

Angle PDF

* Correlation is known b/w §E,, 50, & ¢,
e Correlation parameter estimation in progress

* By double turn analysis combined with studies on MC samples

first turn
track fit

Comparison

second turn
track fit

Accidental 6.,

Events / ( 0.01 rad )

3008

0.1
O,

02
(rad)

Signal ¢, error vs E, error (MC)

s [ Entries o Il
i 6 L Mean —142 ||
S r Std Dev 0
E‘ 4F o2 Lndf 21607
5 i Prob 0.0002601 ||
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Alignment (angle PDF uncertainty)

Y 5¢
4 Additional extrapolation results in 6 ¢, = =

* Mis-alignment shifts signal PDF / Also, ¢, biased by 8,
* No physical calibration source
* Precise alignment is a must
* Largest systematics source in MEG |

v
>

* Important parameters
1. DCH — LXe relative alignmentin 3D

2. DCH —target alignment in X coordinate Beam
15°

v
>

/ Full 3D alignment is necessary Shift in this direction is important
* =

-_—, g

} 1

3, E
..D" - o a0 L ’




Alignment (angle PDF uncertainty) 14

Y Reconstructed et position on target
 DCH — target a|ignment in X True target ~ Assumed target £ z """ S
* From hole analysis | Reconstructed||
e 200 um consistency between holes hole |
* 500 um difference from optical method Reconstructed || = QY
* Position change not included yet > X 15105 3 1071

- Most suspected cause. Camera data needs to be combined to improve
Baob e
RS S
* DCH — LXe relative alignment e I |l
+ Relies mainly on optical method - ﬁ‘ “”
* Z alignment cross-checked with cosmic tracks R N A1 U B
- Disagreement of 2.5 mm o MJ W‘u% R
* Possible causes et T e,
1. Mistake in LXe optical survey Ztrack — ZXEC
2. Tracking bias only for cosmic linear tracks Mis-alignment systematics is still large

(Can potentially be largest systematic source)



Sensitivity estimate

- 2021 performance

0.,¢9. 7.7/5.6 mrad (Double turn analysis)
Ye,Ze  0.8/2 mm (Double turn analysis)

E, 90 keV for core (Michel fit)

E, 2% (CEX resolution analysis)

u,v,w, 2.5mm forw <2 cm (Collimated gamma ray data)

t “22 @ 66 ps (RMD sampl
ey nTc@ ps ( samples)

RDC Installed since middle of 2021 run

 Median 90 % C.L. sensitivity: 8.2 x 1013

e Study with temporary PDFs for those not fully ready
* Background distribution is not perfect

e Systematic uncertainty is not fully evaluated yet

15



* Introduction

* Analysis

* Summary and prospect

Outline

16



Summary

* Presented PDF evaluation with focuses on positron side
* Time & positron momentum PDFs are ready with negligible systematics
* Angle PDF evaluation in progress
* Disagreement found in alignment

« 8.2 x 10713 branching ratio sensitivity with 2021 pilot run dataset

e Approaching the MEG | full data (2009 — 2013) sensitivity

* Though limited 2021 beamtime for physics DAQ (effectively 4 weeks)
* Thanks to improved resolution and efficiency

* Still systematics not included yet

2021 2.68 x 1012 8.2x 10713
MEG | full data 1.71 x 1013 5.3 x 10713

17



Prospect

e 2021 analysis
* Final estimation of PDF

* Further investigation on highly uncertain parameters
* Alignment
* E, energy scale (previous talk)

* Final evaluation of systematic uncertainty

e 2021 result will be presented in Sep (If everything on schedule)
* Unblinding in May — Jun

* Further data taking
* Physics data taking continued 2022 = Discussed in the next presentation

e 2023 also planned, with further improved data-taking scheme
e With experience in 2022 run



Backup




2021 dataset

* DAQ in 2021 pilot run

* Not a full-year physics run
* Needed to define data taking scheme
* Finally achieved fully efficient DAQ in Oct

* Beam rate change during the run
* Also took required set of calibration data

* Situation with 2021 data analysis
* Enough quality for physics analysis
* Analysis in progress
* Blinded done with t,,, E,

* Detector performance evaluation
e BG studies with sidebands
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Performance comparison 21
" Curently achieved performarce inMEGI | perforancein M

6., 9. 7.7/5.6 mrad (Double turn analysis) 9.4/8.7 mrad
Ye,Ze  0.8/2 mm (Double turn analysis) 1.2/2.4 mm
E, 90 keV for core (Michel fit) 306 keV
E, 2% (CEX resolution analysis) 2.4% (w<2 cm), 1.7% (w>2cm)
u,v,w, 2.5mm forw <2 cm (Collimated gamma ray data) 5mm
Ley \/% @ 66 ps (RMD samples) 122 ps

RDC Installed since middle of 2021 run Not installed
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Full 3D comparison of target holes

e Z misalignment is not present
* Y misalignment in agreement with B-field observation

Survey (2021) + CT scan Track 2021

1.30243, -0.319128, -4.69109 1.285(6), -0.304(4), - 4.774(7) 0.017, -0.015, 0.08
-1.32782, -0.314651, 4.97927 -1.40(1), -0.302(6), 5.025(14) 0.072,-0.013, -0.046
2.3601, -0.313624, -8.53115 2.339(14), -0.287(9), -8.638(15) 0.021, -0.027,0.11
-0.0312347,0.97017,0.138845 -0.087(6), 1.000(3), 0.139(8) 0.056, -0.030, 0.00
-0.0414534, -1.62367, 0.14167 -0.096(13), -1.614(7), 0.116(17) 0.054, -0.01, -0.026
-2.33435, -0.297131, 8.84869 Not enough statistics
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