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ORKA Where to look for new physics?

A Direct search:after the: eraof the

A Experimental research okaon
decay will present
unprecedented:-sensitivities on
new physics

A ORKAthe GoldenKaon
Experiment\with primary-goalo
~10000fK*Fp*nvn

Relative Erfor on Measurement
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ORKA  K*Fp'n in the standard model (SM)

" :};r* K*{:

v
1. FCNGs permitted throughloop diagrams, r
andit is highly suppressed / 5
2. Relevanhadronicoperator matrix element
can lbeextracted fronK *Fpletn

3. Precisdheory prediction: (0.853 0.07) 100 A7
(50% of the-erroriis from CKM parameters.) &
Expectprediction improvement to ~5%arxiv hepph/0405132 TN ‘y
4. TogetherwithK°Fpn n, it fixes thewnitary —— A:?k e
triangle independently ~

- R = [F >
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10'Y x BR(K, — 7%vi)

P — | } arXiv1012.3893 |
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A Prediction -and-measurements:at’5%. levelallons detection
of deviation from the Standard .Model as'small as35%.

A K*Fp*n hBR has significant power to: discriminate among NP
models
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ORKA A Dbrief history ofK*Fp*n™n

detection

N MAAAME v 90% CL Upper Limits | A The current-hestilimit
jS v Cable/LBI | Is from E787/E949
= vasono/kek  E787 = E949 | experiments.
;3 BNL E787 ¥ upgrades |
Sl Al o ; A Thesuccess can
g 3’5‘25”"‘9“5 e ~ mainly be attributed

° stopped T | to detector technique

~ kaons. 74 Fha redundancyand
T Standard Model | =781 t 't | analySiS method
o

Year of Publication
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ORKA The Success Experience In

K*Fp nrDetection

1. E787/E949 experiment £ TTTTETRTESAS T
successfully detected 8 [ Lpem 5
candidates with-stopped ~ §* [ mome £l
kaontechnique. 3B Rt E
S
2. Theprobability of all 7 -
events dueto background o b ’ :
alone is0.001.. Lk . ;
_ 1.15 I ORI T

3. BRy=(1.73 1.05)) 1010 50 60 70 80 90 100 110 120 130 140 150

twice of the SMprediction,
but statistically consistent.
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ORKA Method of detection

Range (cm)

A

Signal-signature: A single.charged pion associated wikaan
decayat-rest and no other activities.
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ORKA ORKA,; towards 1000 candidates

MAGCNET

BARRFEL » VETO

T-COUNTER RANGE STACK
B4 COUNTERS I-COUNTER
END CAP v VETO
COLIAR COUNTER BEAM VETO
HOLE COUNTER ~—5 =t
BEAM w
CERENKOV COUNTER =7y
BEAM CHAMBER 1 MICROCOLLAR
BEAM CHAMBER 2 COLLAR VETO
ACTIVE DEGRADER V-COUNTER
END CAP 7 VETO TARGET
[ DRIFT CHAMBER

Expectx100 sensitivity relative to E949 experiment:
1. x10 from beam and
2. x10 from detector
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ORKA Beam Sensitivity Improvements

A PrimaryBeam
I~ Slow spill-extraction -
i 95GeVc protons /}‘"
I 50-75 kW
'
|
|

R
48 x 1012 protons per:spill /
Duty factor of ~45% R

# of protons/spill (x0.74) \\‘:1:-—_ o

A Secondary Beam Line
I~ 600 MeV/c K+ particles

I Increased number okaondproton: from: longer target, increased
angular -acceptance;increased:momentum-acceptarieé.3)

I Largerkaon survivalfraction (x1.4)
I Increased fraction of stoppe#taons(x2.6)
I Increased vetodosses due to higher-instantaneous-ré&t6.87)

Intensity better by a factor of ~10 relative to E949
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ORKA Detector Sensitivity Improvements

Component

Acceptance factor

T— |l — €&
Deadtimeless DAQ

Larger solid angle

1.25-T B tield

Photon veto
mproved target
Macro-ethiciency
Delayed coincidence

Range stack segmentation

C

224 + 0.07

1.12 £ 0.05
1.12 £ 0.06
165703 > —
1.06 £ 0.06
1.11 £ 0.07
1.11 £ 0.05

Product (Ryaec)

3.25
11.2873 %

Mostly from
better hermeticity
and granularity

Might require
different

technology

Acceptance better by a factor of ~11 relative to E949
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orka  Scintillatingfiber Stopping Targ

A E949 target
i nmo PBBIGNmE 2y 3 AO0Ayiddgef | TAFSINKH G 0 SNE
i wSIR 2dz2i 0& mM¢ taca

A ORKA target

I Similar design with shorter fibers (10800 cm), finer segmentatiéh
I Read out bys5iPMs

a
Barrel
veto
I |
End cap = S 7 | ;
Collar = k\ j( collar =
K beam7]\“ [ ﬁ}\ét_\_\ —rar————
/ / “—Target
Beam Upstream  BeO B4 | Downstream
Cherenkov photon photon
detector veto counter AD Drift chamber  veto counter

Side view (cutaway)
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ORKA “Th>The* Acceptance

A EQA9rRNN L' F>"Fret Acceptance 35%

A Improvement to increase:aceeptance relative
to E949

I Increasessegmentatiominaiange stack todiedueesloss
from acditientalactivity-andrimproved/ = particle ID

- Increasesscintillator ihght/yield by using higherrQE
photo-detectors and/or better opticalccouwpling 4o
improve > indentification

- Deadltime-less DA andripiggetosononhng' =
particle ID wnneeessary
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orka — Fullyactive Photon Veto

E949: 17.Radiation Lengths
ORKA: 23.®Radiation Lengths
Acceptance increase: 1.65

A E949 barreleto detector wasShashlik
detector (leadscintillator sandwich

ADRIANQ@A Dual-TReadout Integrally
Active Norsegmented Option) under
consideration for ORKA barredto
detector

hLJGAOFftemasSLI NI GS
and plastic scintillator

Cerenkov light from lead glass
Scintillation light from plastic scintillator

Potential to improve photosveto
efficiency

Potential for particle identification

o

o o Io B> Do

' Cer Energy vs Scint Energy I
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ORKA

Analysis strategy

A Measure everything

Ewt  E87/E949

A Separate analyses for PNN1 and PNN2.3* " wome. g
regions R

A Blind analysis *1 ]

i Blind signal box E :

I Final background estimates obtained b '
from different samples than used to ik ]
determine selection criteria (1/3 and WEoRE E
2/3 samples) 105560 70 80 80 100 110 120 130 140 150

. . . Energy (MeV)
A Bifurcation method to determine
background from data Looser

I Use data outside signal region > A

I Two complementary, uncorrelated cuts 5

i Expected Pnnl background <<1 “|B| D A/B = C/D

A Measure acceptance from data signal A =BC/D
- e —TA C
where possible region —; > Looser
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ORKA Physics Topics List at ORKA level (i 2*:

Kt -ty TP

» Kt — 7t + missing energy
T 7r+’7'y P

» Kt - ntwp(1) TP

> K — mtui(2) 5 K+t — mtoyyy

» KT — ntuiy " e 4o
o e i P K™ — nm"DP; DP — eTe
» Kt — t%o%o(FF) P K lifetime

» Kt — nt70® 4+ missing energy
T,P

B(Kt — ntn%)/B(Kt — utv)
Kt — ntnlete
Kt — nutut (LFV)
79 — nothing "F
7m0 — YDP; DP — ete™
70 — X
A T: E787/E949 Thesis; P: Publication.
Many were skipped in this talk.
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» KT - ntalup
» Kt — ntalX
» K* — ut + missing energy

» KT — utuy (heavy neutrino) 7
» KT — p"vM (M =majoran)
» KT — putvov

Yy ¥ ¥ ¥ ¥V ¥V ¥ ¥ ¥v v ¥



e Worldwide Effort

Qy!.g\@y.xiglg’_vg_qggmﬁag v/ CCo4 IBE:EE ;l%iﬂ;ton vetoes ?ﬁ:ﬁ:m "Eefc?m
" ' Y CHANTI — L
KTAG _ Charged | | ]I I { l
e o e Ny T L R
.,..J | ‘ 1Fiod_l;cl:;ag;rflume ~60m [ﬁ% !
E.: || ‘ '/:’::: .i‘ SNMHz K+ decays 1 -]
Blea!ntrankingl l ﬂ H | ﬂ “ 1 II
e L
; s S
A Pencil beam decaip-flight A Decayinm T 7_\ IKG SELISNR
experiment at PARC to measure to measure Kh *A A
KO OA A A Building on NAB1/NA-48
A 2nd generation detector building on A Expect 100 candidates in three years
E391 at KEK A Expect ~10% measurement of the
A Expect ~3 events with S/B ~1 BR _
A 2013 physics run interrupted by J A Data starting late 2014

PARC radiation accident

Recent there had been a new proposal to study 8ecay at JPARC.
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A Summary

A Research orkaon decay, especial)k ‘Fp*™n T has-a lot
of potential to discover new physics, which is even
beyond the capability of the LHC in some aspects.

A ORKA-proposal andR&D: have-explored the possibility
basedonithe-experienceof E787/E949-experiments.

A Expected:statistics: 1000 fd* THp'nn

A Worldwide effort for the hunting for rarekaon decay
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ORKA

Welcome your questions




