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Overview

1 Introduction of Stopped K* 4 Generator implementation
method

2 TREK/E36 apparatus

3 Verification of e36g4dMC from 6 Upper limit extraction and
tracking Br(A)

5 CsI(T1) analysis
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Lepton Universality

@ LHCD, Belle & BaBar observed lepton 5
non-universality at 30 level
@ E36 will test lepton universality with T
stopped K+ K
LHCDb (Phys. Rev. Lett. 113)
Ve,V“
2-body decay of KT J u

Decay width ratio of electronic (Ke¢2) and muonic (Ky2) decay modes

2
K+ + 2 (m2 —m2
RV = ey _wv)—me<—‘< S ) (+s0)

MK+ —pty)  m2 \m& —mj

O Hadronic uncertainties cancel

@ Strong helicity suppression of electronic channel enhances sensitivity to effects beyond
SM

@ SM prediction is highly precise:

REM = (2.477 £ 0.001) x 107> ‘

o = = E = 9ace
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Anomalies

DarkLight, developed by MIT
P Fisher bor

er in coll

NarURE | NEws

_ Pet
i with researchers at the Jefferson National
Accelerator Laboratory in Virginia and others, will ook for evidence a massiv.

Has a Hungarian physics lab found a fifth force of
nature?

1l v well as public
FeRtics o
oo, e
o et avon 1A it et R
“DARK MATTER MIGHT INTERACT WITH ITSELF VIA R. Corliss, MIT
'SOME YET UNKNOWN 'DARK FORCE."

O Proton radius puzzle, (g —2)
@ Strong CP problem

O Positron excess and 8Be anomaly
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Neutral Boson Search in Stopped Kt Decays

Carlson Polar-Axial vector

K* decays ~ 1010 10

Signal 1: K*— mA’, A'— e*e b ) . K*—>ptvete

Background: BR(K*— mm*e* &)~ 2.9 x 107 ~ 2,900 ev. B [ Required signal M, = 50 MeV/
S [ for proton radius dM,, ~3 MeV

Signal 2: K*— u*vA, A'— e*e
Background: BR(K* — p*v e* e") ~ 2.5 x 10~ 250,000 ev.
Add. background from K* — p*tvm? — utv ete(y)

M, dI(K—uvee)
T (K)
s 0B

T T T T T

3

m? decays 1) 3x108 2) 2x10°

moproduction:  K*— ptvm?(3.3%) K'— mm0(21.1%) ° QED Background

Signal 3: 1 y AL A ete A R
Background: BR(11* — y e*e") ~1.2% ~ 0.3 (2.3) x107 ev. M, [ MeV/c? ]

Q@ Can light neutral bosons explain both dark
matter and particle physics anomalies (muon
magnetic moment, 8Be decay & proton
radius)?

K* (u3s)

@ Search for light neutral bosons in channels
involving a muon (Signal: 2)

fx

PRD 89, 0350003 (2014)
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J-PARC TREK/E36 Detector Geometry

End view

Side view

Iron Pole

Degrader pGC
TOF,

O] O O
0 05 10m
[ ——
Stopped KT method Momentum measurement Particle ID  Gamma ray

KL.IBR beamline ~ MWPC (C2, C3, C4) TOF CsI(TI)
K* stopping target Spiral fiber tracker (SFT) AC

Thin trigger counter (TTC) PGC

] = =
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e3624MC Ge

ometry

=

CsI(TI)

SC
Magnet Polyeth

Degrader
o Geant4 E36 detector

o Detector Assembly
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e36g4MC Cont.: Central Detector

Aerogel WLS Fiber
Cherenkov

TOF 1

Front TOF AlCap  SFT.
Counter

BNL Degrader
Front BeO
Degrader

Al Degrader
BeO s

Radiator Degrader 0.0 19 20cm
Lo |

o Central Detector

o F = = £ DA
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Tracking Package and The e36g4MC comparison

O Momentum distribution of K, and K, at
C4

@ Eyoss and material budget well described

@ Magnetic field integral is well described

@ MC smeared with detector resolution

Momentum at C4

Momentum: (K 2) 2
so| — Data
—MC

Terminology:
o Kyt K — ufy
o Knp: Kt = wrd

?OU 120 140 160 180 200 220 240 260
P el

particle

o & = = = 9ae
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Csl Performance:

Charged Particle Momentum

O Preselected K2 events (from two Csl

clusters)

Dongwi (LLNL-PRES-XXXXXX)

K2 Cluster Analysis

Totalcuserenergy

Invariant mass of 2y

o s Clomeer Ani-TOFY K )
—— Daa

a0 — nie

-

-

2l o L
Openirg angle of 2y
Csi(T) clusters o
7~ . -
=0 —_ o
- o WE
o b
L B e R e —'* = g & '
oo coslo,)

angle cut
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Generator channels

Label Branch Ratio

0 Kt —efv 1.582 x 1077

1 K" —>utv 6.355 x 1071

2 KT o efnly 5.07 x 102

3 KT — utnly 3.352 x 102

4 Kt — etn'7% 2.55 x 107°

5 Kt —watrety 4.247 x 1077

6 Kt > atr puty 1.4x 107

7 Kt - atq0 2.067 x 1071

8 KT — 7falx® 1.760 x 10~2

9 KT o rafatno™ 5.583 x 102

10 Kt — utvy 6.2 x 107°

11 K+t —efuy 9.4 x 1079

12 KT — utrluy 1.25 x 107°

13 Kt s atrta=y 1.04 x 1074

14 Kt — utvA €2 x ratio of channel 16
15 Kt —>atA € x ratio of channel 17
16 Kt > ptefe v 2.5 x107°

17 Kt —wntefte 3x 1077
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7©° Channels

Label Branch Ratio
0 70— vy 0.8823 x 107!
1 ™ S ete y 1.174 x 102
2 70— yA €% x ratio of channel 2

ROOT based generator

O Interactive: utilizes Messenger Classes

O Allows for selection of decay modes and
branching ratios
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Analysis Strategy for A’ Search

K2 Calibration

Cluster Algorithm Generator

Csl cluster analysis
® Good gap event

Maz,
: . 2 Clust ’ f
Single crystal events — test with K> Analuyssiesr A sea::h window (81m),
cceptances,

Determine N
Invariant mass Mee

Definition of terms: ®3 = TORL

m,/ i mass of A/ - Limits of BrA ) —o |
Nk : number of stopped kaons pper limits o v

N 5/ : Number of observed A’

{

A 5/ : Acceptance of A’ Search for peak riding on

Br(A’) : Branching ratio for A’ continuous background
E€g A’ detection efficiencies v
L+ o
Kuz2 : K™= umvy [NA,:NKAAA,AESABT(A/D
Kno: KT o atn®

A’: Observance
Upper limit: Non-observance
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Invariant Mass Distribution

Invariant Mass Invariant Mass

M, Selection Criteria:
B \o Cuts
 —
W v cut
B /.. PID cut

60000

50000

40000

30000

20000

10000

0.05 0.1 0.15 0.2 0.25 0.3 0.05 0.1 0.15 0.2 0.25 0.3

Mass [GeV/c?] Mass [GeV/c?]
O Applied PID selection from the target o MZ cut applied (magenta)
system and tracking @ Me distribution used for analysis has
O Applied end point momentum cut both Penapoint and M2, (magenta)
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Upper Limit Extraction

le—-6

BrA') Upper Limit at 95% CL

0.02

0.04 0.06 0.08 0.10
Mass ma [GeV/c?]

Br(A’) <

O Ng: Number of KT, LT(w): muon lifetime

fraction

@ A ,/: acceptance ratio of the A’ with a
given mass, determined from e36g4MC

2y/Npuvee

NKAA/LT(1)

9O N puvee: Integrated number of events in a
given A’ search window

Q 20 limit: ~ 95% CL of no signal observance
@ Upper limit obtained from ~ 15% if the data
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Upper Limit Extraction

le—-6

e Data
8 —#*— Carlson: Polar and Axial Vector
—#— Carlson: Scalar and Pseudoscalar | e

BrAABrKy2)

0.02 0.04 0.06

0.08 0.10

Mass ma [GeV/c?]

Nk : Number of K+, LT(it): muon lifetime
fraction

A p1: acceptance ratio of the A’ with a
given mass, determined from e36g4MC
Nivee: Integrated number of events in a
given A’ search window

20 limit: ~ 95% CL of no signal observance
Upper limit obtained from ~ 15% if the data

Theoretical predictions: polar and axial
vector or Scalar and Pseudoscalar couplings

o F = = DA
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Summary

Summary and Future Work

(*]
(*]

© 0 06 0 0 ©

Universe is littered with anomalies that must be explained (exciting times!)

TREK/E36 experiment has been successfully conducted, completed data-taking,
decommissioned and analysis is currently underway

e36g4MC has been developed from ground-up

K* decay generator has been implemented into the e36g4MC

Energy calibration for CsI(T1) using K, and checked with K,
Generated various masses for A’

Upper limits for Br(K* — ptvA’) have been extracted for various ma-

Improvements from PID analysis for reducible background reduction currently
underway

Work on M2

T1iss UL extraction

Dongwi
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Backup
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Number of Stopped K* (Ng)

= sz
Br(u2)PS(w)ALLT (1)
=4.08836 - 107

Nk

@ Ng: number of stopped kaons
@ Ny2: number of muons

O Ay2: number of muon
accepted events

@ PS =49: muon prescale factor

O LT(n) =1.0: muon lifetime
fraction

O Br(u2) : K2 branching ratio

@ Select 1 0 cut around mean
Py, from K> decays

K, Momentum Slice

7000

Momentum: (Kuz)
ol — et
—MC
5000
“uof-
00—
0
1000
n:xxxlxxxlt I I
oW W | W a2

260

PL harged [Mev]
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Miss Mass? M2

miss
Missing Mass: M?

Missing Mass Selection Criteria:

o

Missing Mass: M?
e

4500,

500
0.1

0.2 0.3 —%.3
Mass [GeV/c?]

0.1

0.2 0.3
Mass [GeV/c?P
o PID stringent cut: AC cut < 650 ADC and .875 < 3 < .925
o Work on Mfms s UL extraction
Dongwi (LLNL-PRES-XXXXXX)
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Additional Discussion Slide:

Mee

Invariant Mass

Invariant Mass
M, Selection Criteria:
R No Cuts
 —
W v cu
B /.. PID cut

0.2

0.25 0.3
Mass [GeV/c?]

0.2 0.25 0.3

Mass [GeV/c?]
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End Point Momentum Cuts

Charged Parcle Momentum Endpoint Momenta

[TS———— Pcut g 5
— ° 230
. ‘]LL gm0
— eV L; L
wo—mv o 228?
700 GiMeV :
— Tl 226~
400 2 C
—mv‘ 2 4;
50 100NV =
— i F [
o= et 2021~
L1 L
(] ' 20~
o S FWOM 218
0 r
216(—

0 T A P I ST N v

Woomo ® W W M @ A M 40 50 60 70 8 9 100 110
Momentum VeVl M, Ve

Full Width at Quarter Max.
@ For variable endpoint momentum cuts, the FWQM was taken
0 If FWQM > 230 MeV/c then the endpoint cut is 230 MeV/c
0 Used 5" order polynomial function on range of [210.0, 230.]

= = - -

0
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A’ Acceptance and mpa, Distribution

A'Invariant Mass Spectrum

GsI(T) Invariant Mass: m e
— 20MeV
30MeV
— 40MeV
— 50MeV
60MeV
— T0MeV
80MeV
—— 90MeV
100MeV
— 110MeV

350

300(

250

200

1501

100

RN S L R R RN R AR

500

009 01
Mass [MeV/c’]

Ty e
005 006 007 008

A’ masses generated on interval 20 — 110

40

Reconstructed ma: [MeV/c?]

20 40 60 80 100
Generated My [MeVi/c?]

Mean m »/ obtained by fitting Gaussian

MeV
m s reconstructed from ete™ clusters in Mass window of G(mA/) was obtained from
the Csl fit
o & = E E 9Dae
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/e miss-identification

PID with:
— TOF B
— Aerogel C
— Lead glass

TOF2
c3

—

c4
PGC

v
Aerogel C

I:':;l TOF1

D Target

TOF
Flight length 250 cm
Time resolution <100 ps
Mis-ID probability 7x 10+

Aerogel C counter

Radiator thickness 4.0 cm
Refraction index 1.08

e* efficiency >98%
Mis-ID probability 3%

? 3 PMT
Lead glass (PGC)

Material SF6W
Refraction index 1.05

e* efficiency 98%

Mis-ID probability 4%

P (total) = P (TOF) x P, (AC) x P,s (LG) = 8 x 107 < O(10-) |

M. Kohl (ICHEP 2016)
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