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Intro Theory Experiment Simulation Radiative Statistics Tail re MWPC eff Uncertainties

Theory/PEN

Explore the (V—A) interaction through a precision measurement

Mt —etre(v)) _ (&)2 (&
Mt —=ptru(y)—etre,) 8u my
Theoretical BR:  (1.2352 4-0.0001) x 10~* .

Experimental BR: (1.2327 £ 0.0023) x 10~*
dr rad/loop corrections in SM, non V—A extensions

(5—2)2 = 1.0021 £ 0.0016 (experimental)

Goal: relative uncertainty 5 x 10™* or better

*For Review see: D.Potani¢ et al J. Physics G 41 2014 11
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Experiment

Detector Setup

e 7E1 beamline at PSI
e stopped 7" beam

e active target counter

e 240 module spherical

pure Csl calorimeter

e central tracking
PH
e beam tracking | ’\ )

. . . H
e digitized waveform + . 5%
digitized waveforms Jr,H,benm, ==
__ BCi : f’_ i!.

PEN detector
2009-10

BC: Beam Counter PH: Plastic Hodoscope (20 stave cylindrical)
AD: Active Degrader MWPC: Multi-Wire Proportional Chamber (cylindrical)
AT: Active Target mTPC: mini-Time Projection Chamber
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Theory Experiment Simulation Radiative Statistics Tail I MWPC eff

Experimental Branching Ratio (B)

Naively, B = NemerArouze 144 simplisticl

N7r~>uu T ev

MWPC efficiency depends on energy
Timing gates affect number of observations Monte Carlo

_ Nfreikey(l + Etail) E(E;L%eyl_/)MWPC fﬂ'*}“%e(Te) A7‘r~)p,—>e

B
N7r—>;u/ €(E7r—>ez/)MWPC f7r—>eu(Te) Aﬂ'—>el/

: I re ra
16000} 1
14000f 1 Ec = cutoff energy
{20000 1N = number of events
J0000] ]
o f { A = acceptance

8000F
6000f
4000F

2000}

0

70 80 90
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4 erail(Ec) = tail to peak ratio
1 e(E)mwepc = efficiency of MWPC

Uncertainties

f(Te) = probability from time
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Creating realistic simulations
Geant gives energies, timings, and positions
Requires additional physics input to simulate full detector
response

In the Experiment:

e digitized energies and timings of detector elements
e mTPC, beam counters, and target waveforms

e photoelectron (pe) statistics smear signal
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Csl challenges - unique xtals

e Light collection non-uniformities, A2 Coverage
e 240 PMTs = 240 different quantum efficiencies

Lxtal 4

NS
Charlie Glaser
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Regions of m — evy
All decays are radiative

60 E
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c A Phase space broken into regions
08
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N
EN
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8.0 0.2 0')5:25,”9;'6 0.8 1.0
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Regions of m — evy
All decays are radiative
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Regions of m — evy
All decays are radiative
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Radiative Decays m — evy
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Region D

‘ ]l ‘ i Measurement
Ly AL . .
ot il | BTV e SR
g T T g LI AL
o *ﬂ I\/! _‘i‘c ..L Ji\‘_ o uth (s}
V) [ - ! O (b O
| Simulation I
Measurement
M# Simulation I
526253 LR 12’2 25 rarsrar'jtt'
E, (MeV) E. (MeV te — ty (ns)
300 | Measurement S Measurement
250 | Simulation % Hﬂ“ Simulation
0 wﬂ n
£ 200 ! = WL
5 | 5 20 ‘WLL
3wt 3l
100| #* HL
10t “\+
50 M% 5 { *ﬂ o
HRraTo X
. 8370 02 04 06 08 1 12 14 50 100 150 200
S TTa A\ = 2E./my sin?(fey) Decay time (ns)
5, D B
PEN: First experiment to examine Region D in detail

Lo

Charlie Glaser PEN(mT — eTve(7)) CIPANP 2022 11/ 27



Intro Theory Experiment Simulation Radiative Statistics Tail e MWPC eff Uncertainties

Region D
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Invariant mass-inclusion of radiative decays
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Waveform selections
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Intro Theory
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Number of m — ev(7)
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Target energy requirements
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Target energy requirements
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Tail

Tail trigger - studying the tail

=
BlE  Charlie Glaser
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m — | — e subtraction from tail

- 10T = er(, domin
ev( ) 125-MeV i — 1 — e domi
L
) h\—‘"\—- 0 10° R
£ £ T
:03 . — L= 25 mv‘ﬁ 8102 al :,,,W.""M
g i T 7 U ""rﬂ“ "H
i
i Iy
— LR 25 MeV 10
T [
T — ev(y) < 125 Me I
10 15 20 25 30 35 40 45 50 [ 20 40 60 80 100 120 140 160 180 200
Decaytime (ns) Invariant Mass (MeV)
2.0,
oL F i T > ev(y) > 125 Me\
s H f %Lm arl- Subtractio
R o T
Y / g LTl
e o
s Y ! O %l |
' -
I / g
. l& ;f 10 et
11 ﬁ‘\u‘;—
L0 022 024 026 028 03 032 034 036 038 10 15 20 25 30 35 40 4 50
Subtraction factor Decaytime (ns)

Charlie Glaser PEN(mT — eTve(7)) CIPANP 2022 19/ 27



Intro Theory Experiment Simulation Radiative Statistics Tail I MWPC eff Uncertainties

m — | — e subtraction from tail
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m — | — e subtraction from tail
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m — | — e subtraction from tail
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m — | — e subtraction from tail
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Minimizing Error for m — ev(7)
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Intro Theory Experiment Simulation Radiative Statistics Tail (i MWPC eff Uncertainties

Minimizing Error for m — ev(7)

100 110 120 130 140 150 160 170 180 190 00005

decay time (ns)

HTTTTIL LTI
100 110 120 130 140 150 160 170 180 19000005 0 100 110 120 130 140 150 160 170 180

decay time (ns) decay time (ns)
Cutoff = 117.5 MeV
Decay time = 93.5 ns
Ax? > —0.8
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Tail re MWPC eff Uncertainties

Intro Theory Experiment Simulation Radiative Statistics
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Intro Theory Experiment Simulation Radiative Statistics Tail e MWPC eff Uncertainties

Simulgtion Chamber Efficiencies

1,

t Inner Chamber

1
- Ihnér Chambér FInper Chamber 1
@ #thé,rL.thp‘Ib Y. - Outer Chamber. X - Outer Chamber. ]
9 Bner Thamber Simue inner-Chamber Simulatidn, o Inner Chamber Simulatign
o uter namber i v k‘m Quter Chamber Sjnr llatiol #?"F uter Chamber Simulatipn
20 A Tl EN P e b e Y
TR MNP S S & el g
o | } ey . ; il
i Yo
o 161578 2550 074 7 00 110 120 130 140 ° 00 T50 200 250 300 30
G (MigV P
1 1 I 1
B Inner Chamber B Inner Cha Er ‘r *-‘ u nner Chamber
g 9 ;r. Chamb I n .tt:. Champer! RN goF  Outer Lhdmbfy 1
. ni . i il £ n
@ N1 o o R 0 w1 1 e T Ll
g o 1.0 P 1 ot e 1 e A
& 1 Ol o A 1B R e
uﬂ“l_rL : Hr g ‘
0.
T SEtSIZ(MeVE s 0.99 50 % W 0 @ Lo 00 10¢20 250 300 350

dE/dx = f(E) in Chamber Gas 7 — et 70 MeV monoenergetic
u — evv 0-52.5 MeV spectrum

Monte Carlo is weighted to simulate chamber efficiencies
Absorbed into Acceptances (Blinded)
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Intro Theory Experiment Simulation Radiative Statistics Tail re MWPC eff Uncertainties
Table of Uncertainties
B — Nf;(iléy (1 + Fta_l)Aw—m—m e(E/J%eI/D)MV\/PC fﬂ'*}p*)e(Te)
N7r—>;w - A7r—>eu E(Eﬂ‘ﬁev)MV\/PC f7r—>eV(Te)
ra rf
Systematics Value AB/B
Etail (3.804 & 0.040) x 102 3.8x10°%
re 0.0440926 8 x 107°
*rar. * ~ 104
Statistical:
Nr—s v (5225.68 £0.23) x 10° 4.4 x 107> (run 2)
(9545.50 +0.33) x 10° 3.4 x 107> (run 3)
Ny ser (1409.43 +1.18) x 103 8.37 x 107* (run 2)
(2413.81 +£1.63) x 103 6.75 x 107* (run 3)
ANy e /Ny e, 413 x 107* (possible)  5.26 x 10~* (run 2/3)
5 x 10~*(Goal) 7.6 x 1074
* Blinded
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Intro Theory Experiment Simulation Radiative Statistics Tail re MWPC eff Uncertainties

Family

Current and former PIBETA and PEN collaborators

L. P. Alonzi , K. Assamagan , V. A. Baranov , W. Bertl ,

C. Broennimann , S. Bruch , M. Bychkov , Yu.M. Bystritsky , M. Daum ,
T. Fl "ugel , E. Frlez , C. Glaser, R. Frosch, K. Keeter, V.A. Kalinnikov ,
N.V. Khomutov , J. Koglin , A.S. Korenchenko , S.M. Korenchenko ,

M. Korolija , T. Kozlowski, N.P. Kravchuk , N.A. Kuchinsky,

D. Lawrence , M. Lehman, W. Li, J. S. McCarthy , R. C. Minehart ,

D. Mzhavia ', E. Munyangabe , A. Palladino’ , D. Po&ani¢ * B. Ritchie
, S. Ritt >, P. Robmann , O.A. Rondon-Aramayo , A.M. Rozhdestvensky
, T. Sakhelashvili , P. L. Slocum , L. C. Smith , N. Soi¢ RB,

U. Straumann , |. Supek , P. Trudl , Z. Tsamalaidze , A. van der Schaaf
*, E.P. Velicheva , M. Vitz, V.P. Volnykh, Y. Wang , C. Wigger ,

H.-P. Wirtz , K. Ziock .

Home pages: http://pibeta.phys.virginia.edu
http://pen.phys.virginia.edu
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Thanks for listening!

Questions?
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sz

xgpeak = Y (observed; — predicted;)? = ¥netto?

Xg,peak = Y (netto; — muon;)?

1000 1000
Ax* =" ((netto; — muon;)? — netto?) / > (muon;)*
i=0 i=0

2 2
X3 peak X2 peak

1000 1000

=1-2 Z netto;muon;/ Z (muon;)?
i=0 i=0
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Physics of Radiative Decays
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Physics of Radiative Decays

Inner Bremstrahlung (IB) (Boring)

Structure Dependent (Not Boring!)

-
BIE  Charlie Glaser PEN(7t — eTve(v)) CIPANP 2022 2/6



Physics and Math of Radiative Decays
M(rt = et rey) = Mz + Msp

Parameterizing x = 2E,/m, and y = 2E./m,

r7re2'y « my 2
<, {IB ,
dxdy 27 e G y) + ( >

2frme
x [(Fv + Fa)2SD™ (x,y) + (Fv — Fa)2SD™ (x,y) ]

+ <f;:r> [(Fv + Fa) Si (. ) + (Fv = Fa) S;p, (%, )] }

(1) [A+a-x)
IB(x,y) = %

SDH(x,y) = (1—x)(x+y—1)2 SD(x,

-
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Physics of Radiative Decays in Pictures
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Best Places for SD

1.0 1.0
0.9] 0.9 0.9
0.8 0.8 0.8
0.7 0.7 0.7
0.6] 0.6 0.6
0.5] 0.5 0.5
0.4 0.4 0.4
0.3] 0.3 0.3
o2t SP* Contribution 02 020 ST
0.1 0.1 0.1

i
0'8.0 01 02 03 04 05 06 07 08 09 1.00 0'8.0 01 02 03 04 05 06 07 08 09

SD™ region consists of high energy e and 7's.

These high energy particle will have big opening angle between
them

Large solid angle coverage required
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Pibeta results for m — evy

Pion FF values and precision improvement factors (pif) over previous work:

150 R 7 o Observa ble (plf)

10 /\ Fy = 0.0258(17) (8x)
E b/ kt\ Fa= 0.0119(1)‘;;§VC) (16x)
R i ‘\\ a=0.10(6)* (o0)
E;llo 1 \\ —5‘2<104-FT<4.0 90% c.l.
= : ' _ —8

wh = 255@N B..,, = 73.86(54) x 1081 (17x)

% : *a... g° dependence of Fy

Y ; t for (E, > 10MeV, and 6., > 40°)

SR w80 [Bychkov et al., PRL 103, 051802 (2000)]

Fy Form Factor x 10%

Tight constraint on SD™; not so tight on SD™!
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