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From E787 to E949 and the future:
stopped-kaon experiment for K — v

Qutline :

e Introduction
e BNL-E787 experiment: detector

e Why the K* — 7tvi experiment is so “difficult” ?
( from my personal viewpoint )

e BNL-E949 experiment [2001~]

e The future



K™ — 7t vi decay

no FCNC at tree level : induced by loop effects as
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e long-distance contributions : negligible
o K|H|m> from Kt — nleTv. |

e The theoretical uncertainty ~ 7%
( Mcharm contribution in the NLO QCD analysis )

— a small “overlooked” term from the box diagram {1999)

— effect of the subleading dimension-8 operators (2000)



B.R.(K* = ntvi)
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given by charm contrib.
to K an"vin

TS~from Vp/Vid

(p,m) from e, [Vub/Veb|, AMpq, AMgq

Y
a Standard Model prediction: (0.75 + 0.29) x 1010

a recent review by Buras: hep-ph/0101336

* IAMBd/AMle = < 1.15 x 1010

a measurement at 1.5 x 107° would be beyond_the_SN




stopped K" decay to 7t plus “nothing”
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the 7% (< 227MeV/c) from 3-body decay

Background rejection is essential in this experiment.
e Kinematics : Momentum/Energy/Range
e 1T rejection <— K" - utv

e Extra particles (y) Veto <= Kt — 7¥7?

each weapon should have rejection of 10° ~ 108
+— reliable estimation using real data
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History of E787 @BNL-AGS

® E787 [BNL-Princeton-TRIUMF] proposed in ‘83

— LESB1 beamline (K/7 ~ 0.5)
— ‘89-'01 [28 weeks]: < 2.4 x 1079 (90% C.L))

e upgraded-E787
[BNL-KEK-Osaka-Princeton-TRIUMF-Alberta + Fukui, Kyoto]

— LESB3 beamline (K/7 > 3, x5 K™ /spill)
— major upgrade of detector/trigger/DAQ

‘05 (first physics run): 18 weeks,
‘96 and ‘97: 13 + 8 weeks and RESULT 1.5 x'10719

‘98 : 20 weeks <= analysis ongoing

E787 data collection was completed.
expected sensitivity: ~ 0.7 x 10710

byproduct modes: analysis under way
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new result from '95-'97 Phy.Rev.Lett. 84, 3768 (2000)

e branching ratio (1.5733) x 10~10
e background level [0.08+0.02 events]: 1.2 x 1071}

e 0.002 < |Vy| < 0.04,
1.07x107% < |ViVy| < 1.39x1073

e consistent with the SM prediction



LESB3: a two-stage separated
800-MeV /c kaon beamline

J. Doornbos et al., NIM A 444 (2000) 546
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e ~ 5 x 10° K*/10'? protons on target

e K/m ratio > 3
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K* — 7% Decay

e 5 mm X 5 mm scintillating fibers

¢ 500 MHz GaAs CCD digitizers

vs. pions or kaon decay-in-flight into the detector (mgcat)

(Target, Beam counters/chambers)

Up -t 2™

[Defayed (omcdence’



E-787 Spectrometer
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vs. muons from Kt — puty, Kt — ptoy

e Energy/Range - Momentum relation
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Evidence for the Decay K+ — n*vi

~S. Adler et al., (E787 collaboration)
~ Phy. Rev. Lett. 79, 2204 (1997)
'05 data [18 weeks]



Why the KT — 771 experiment is
so “difficult” ?
( from my personal viewpoint )

or

Things that are NOT secret,
but you cannot easily learn
by reading the papers



Acceptance = 0-211.01(stat):l:.02(sys)% |

Arbitrary Unit

Acceptance factors method
K* — ntvi phase space M.C. | 0.155
Solid angle acceptance M.C. | 0.407
7+ nucl. int., decay-in-flight M.C. | 0.513
~ K* stop efficiency BR(K,2) | 0.704
K™ decay after 2 ns K- | 0.850
Reconstruction efficiency Ki | 0.959
Other kinematic constraints | mecat, Ko 0.665
T — p — e decay acceptance Tscat | 0.306
Beam and target analysis K2 0.699
Accidental loss K2 0.785
Total acceptance 0.21%
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Figure 4.1: Range in scintilator (R) vs. momentum (P), and kinematic categorization
of events passing the K,o(1) trigger. The wvis(1) signal region is shown as a box. The
K3 peak momentum is reconstructed higher than the accepted value of 236 MeV/c [10]
because a “pion hypothesis” has been used to calculate the momentum loss in the target

(see section B.1).
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1" Rejection
[500MHz Transient Digitizers for RS]

tag m* — p™ — et decay chain by recording RS pulses

| | ~ - height vs Area
online trigger (tag 77 — u™) Qesee

<+ Level 1.1 [hardware]

| | h'l \% T
Control Board with ASIC’s : '

(Application Specific Integrated Circuits) ' 4 u:'-ﬁ?
.= decision time : (150 ~ 250us)r16 — 15-20 us




Level 1.1 Trigger Results

Without L1.1 cut With L1.1 cut

g 225 F
600 E ]
E 200 Wt 0002
- - 4200 + DOHISE-ON
500 : 175 E 4M7d Q484
a00 | 190
Kno(1) : 2 b
72 300 F 100 E
triggers 200 ¢ g
100 F %0 F
0t 25 F
ot ok
0 50 160 150 200 o] 50 100 150 200
kpi22 energy with no cut kpi2Z energy with cut
600 [ - 25 F B
| 20 F
500 E
- 17.5 ,:'_
- E
400 E 15 E
L 125
Tvrl 300 f o E
triggers 200 ¢ S E
o -5 F
100 £ E
o 25 |
o : . 0 i
g 50 100 150 200 0 50 100 150 200 -
pnn anergy with no cut " pnn energywiih cut

Kinetic.er_lergy charged track spectra with
and without the 11.1 trigger cut for
. Kz2(1) and 7wl triggers

7t tagging efficiency ~ 60%
w1t rejection factor ~ 15— 25
Trigger Decision Time ~ 10 — 20 us

S. Adler
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Strategy of stopped Kt experiment

e stopped K™ (slowed by BeO degrader)
~ 20% © 790MeV/c |

Barrel
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Endcap |\ '
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r inci eam ( not 'stopped K*' ) :

the beam momentum Y\, (less degrader)

= K stopping fraction
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Figure 2: a) A typical K,; event: m* enters into the range stack and two photons f1
70 enters the photon detector. b) A K, background event in the region below K,,:
that is produced to the beam direction enters the range stack after largé angle scatter
and the higher energy photon goes to the beam hole. - ;
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Interaction of 7% /u™/~ in th'e_Target, Range Stack

In addition to

¢ Multiple Coulomb scattering (with non-Gaussian tail) of
7wt /ut and |

o ElectroMagnetic shower of +,

e m hadronic interactions in plastic scintillator:

o(125MeV)
elastic at 2C - gt 12C 214 mb
pseudo-elastic #+ 12C — g+ 12C* 11 mb
quasi-elastic 7t 12C — 7t p 11IB® 52 mb
at 2C - gt o UCH 31 mb
at12C 5 7"NX 16 mb
absorption. 7t 12C - X(withoutn) 194 mb
spallation T 12C -5 ot X 120 mb
_+_ | a - I I . » .
® /1" elastic/Inelastic scattering:
— hard scattering
— pt 12C Giant Dipole Resonance
e Photo-nuclear absorption
Cross section, energy loss, scattering angle, .... are

unknown /uncertain to the low-energy particles from
stopped-kaon decays.

We cannot rely on Monte Carlo;

we need to work on and learn from data.
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Figure 4: Schematic cross section through a typical collider detector. Shown, from the beam
pipe out, are the locations of vertex detector, tracker, electromagnetic calorimeter, hadronic
calorimeter, and muon chambers.
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Flgure 4: Schematic cross section through a typical collider detector. Shown, from the beam
pipe out, are the locations of vertex detector, tracker, electroma.gnetlc ca.lonrncter hadronic
calonmeter, and muon chambers.
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E£949 . |
Measurement of B (Kt = ntwp)

Mberta/une. / FNAL /INEP/INR / Krete JuNM / Yeshiva
BNL/Fukui/KEK/Osaka/TRIUMF
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E949  wuw. phy.bnl. gdv/ e949/

BARREL V-rETO
PROTOTVBES

M 3 ] = FECYOTUBES

!‘“':iii"‘! I" Twae |

FNP CAP Y-TETO

Detector upgrade from E787

e BV Liner

® RS: layerT,2~5 replaced

e PV: new/improved counters

o BM: new B4 counter, degrader

o Trigger: programable Level0 board, Mean Timers

o DAQ

¢ RS Monitor system using LEDs

e RS TDC

Schedule:

readout: e' identification without TD

e Engineering run from this spring.

~o First Physics run in this summer/autumn/winter (with RHIC).



949 http://www.phy.bnl.gov/e949/
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Sensitivity Imprdvement (compared to the published '95-97 result of E787)

¢ Running mode :

— stopping fraction (x1.1)
— high duty factor with 65Tp from AGS (x1.4)
— beam hours: ~ 2 years of running with RHIC (x1.5)

e Apparatus (trigger, DAQ, software, ...):
— efficiency improyehments (x2.1)
e reoptimize analysis or increase the phase space (><2)
e Total gain of x10
Goals: 7
e Sensitivity (8-14)x10~"% in 6000 hr (~2 years of running with RHIC).

¢ Determine |V;| to 20-5%.



The furure

targetting

Sensitivity 1.0 x 10712
or ~ 100 signal events
or the BR measurement with 10%

around the year 2010

Two options :

1. In-flight Kaon decay
CKM Experiment at FNAL

(talk by B. Tschirhart, in Special Session)
4= The technique is not proved yet.

2. Stopped Kaon decay
Can we further improve the E949-type detector
in a JHF experiment |
~and compete with CKM 77



Key 1: K™ Beam
The JHF-50GeV Slow-Extraction is not optimized
to the stopped K* — w7vi experiment.

PS operation AGS | JHF-mod
| to LESB3| to K550 [1/3]
| for E949 | (pnnJHF)
pr:ton energy  GeV 24 30
_protons on Tgt  10'2/spill 65 100 x 1.54
machine cycle - sec 6.4 3.42 x 1/1.4
- average current  pA 1.63 4.68 x 2.88
slow extraction sec 41 1.8 x 1/2.:
duty factor 0.64 0.53 x 0.83
instant. rate 10'?/sec 16 556 % 35
K* momentum MeV/c 730 550 (no lose
stopping fraction 0.26 0.4 x 1.5

Key 2: Detector |
The upgrade of (destructive) Target and Range Stack
(better measurement, rate capability)

e RS segmentation (chopping : < 1/4)
e scintillator/SCF readout with more light outputs

start Conceptual Design,
“based on the E787/E949 experience.



stopped K™ — 71 v experiment at JHF

Improvement (éompared to the BNL-E949 proposal)

® Running mode : |
— stopping fraction (x 1.5 by K550)
~ — duty factor (x0.83) o
— beam hours : ~3 years of running (x1.5)

® New Detector [segmented, faster, ...] :

— rate capability for “higher intensity (%2.0)

e re-optimization (x1.5)
— S/N =5 = TD electron cut, ... {x1.2)
— brighter detector = better E resoluton, ... (x1.2) |
— pipeline trigger, faster DAQ, ... (x1.1)

e increase the phase spacé:

K* — 7t v below the K; 5 peak (x2)
and measure the 7+ spectrum to confirm the SM prediction.

Goals:
e Sensitivity 1 x10~12 (Background 2 x10~1)
e ~ 100 SM signals , S/N = 5.

e competition with the “in-flight” experiment



Summary

K* — mtuo in the stopped-kaon experiment
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. Not an easy job, but

the stopped kaon experlment is currently the best method
to observe the K — muD decay.

o BNL-E787 in '95-'97 : (1.5133) x 10710, and
the expected sensitivity: ~ 0.7 x 10710
still consistent with the SM and with beyond_the_SM.

e The new BNL-E949 experiment is rising, and
starts takin data this year, and
R&D issues for pnnJHF will be intensively studied.




