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Primary Physics Goal: :

Precision Measurement of

This decay 1s determined by
loop processes to high order in
the SM, and hence has a reach B
for new physics at the EW /
scale and beyond.
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The SM rate can be calculated "

with a high degree of ; g
confidence, and hence any 3 """"
deviation in the measured rate L N

1s a signal for new physics.
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Challenging the Standard Model of CP-Violation with .
Golden Modes; Consider the Quartet: t

['(rvv) = SM ['(mvv) = 2xSM expected sensitiv

ncr1contour5, n=123(CKkMexpt) SM ¢ c%or‘ntours, n=1,223(CKMexpt) 2xS

1.5

K

d s

ities

.90 0.9f
08 0'85 K —s oy
t b Bl Vol £ 10% ™
0.7 0.7¢ .
L F ™y
05 47N oKM
- mE o of Ty
15505 — 0.5y Rl S E—— CDF/DOD
‘ I~ R, L | [semizgymso.0
0.4 ¢ f?-‘é 0.4f E‘ = T 80,/ 2M,
: i : : B —+13%
: iy, bm 28, Arh,/Am, 030 oin 28, Arh,/Am, 0.5 BVl = 13%
O.3i ‘\‘:J F ko — e
0.2F 0.2: an/m=+10%
0712 0.1: (
: : ;
O:' ) ‘ 0_1' L II—()EI L \0. L .0'5\ L s 5 O_U5 5 D|5 .
=1 —0.5 4] a.5 1.5 2 _ E

M
b




K'—-n"vv C
QK*—>mn"vv is the best way to measure

o Theoretical uncertainties are small (m

charm

d

o Structure of K* controlled by measurement, NO final state interactions.

K

e

) and robustly estimated. (~8%)

o Need 100 signal events with <10 background (6%) to match theory error.

OExperimental Challenge

o Br[K*—>n"vv] =8 £3 x 10-!! (Standard Model)
5 2 clean events seen in BNL787 (Br=16 *'* ; x 10°!1)

OThe tyranny of tiny decay rates

0100 events / 10-19 (Br) / 1% (acc) = 10'* K decays must be studied
0107 sec/year = 107 K decay /sec to see 100 in 1 year
o Need to control background to 10! of all K" decays
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Backgrounds

What We Want:

TC+
K+

AA%
Br=~1x 101
What We'll Get:
u* Veto
“+
K+
Br =63.5% Y
Also K+—u*vy
/ﬂ:+
K+
Br=21.2%  ~~ 10 5y

v Veto

Kinematics

Velocity, Momentum,
position of K* and «*

K+

Charged Veto

Low Material

(undetected)
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CKM Kr->n"vyv

* Decay 1n flight in a separated K™ beam at 22 Gev/c.
* Redundant high rate detectors and veto systems.

CRKNM Apparatus
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Experimental Technique

OHigh Flux Separated K™ Beam
o 30 MHz K*, 6 MHz decay in the acceptance.

o 5x10' 120 GeV proton /1 sec spill from the Main Injector to
produce the required K™ beam (17% of design intensity)

o Debunched proton beam required
(~10% 53MHz ripple ok).

Q Apparatus

o Decay 1n flight spectrometer with both velocity (RICH) and
momentum (magnetic) spectrometer both both K* and 7",

o Significant requirements on photon vetos
o All detector technologies used are well established

o Redundancy is critical to measure all backgrounds




CKM Collaboration

» Groups from 4 national laboratories and
6 universities.

* 48 people today including 7 postdocs +
students

* Roots in KTeV, Selex, HyperCP, CDF,
BNL787/E949, BNL&71,
IHEP-Istra

 Substantial experience in rare and ultra
rare kaon decay experiments

e Collaboration will double with time
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Scope & Timeline:

» CKM LOI in 1996
* Ist proposal 1998 (unconsidered)
* 2nd proposal considered and approved 2001 (Stage-I)
* Prototypes and testbeam work completed in FY03
* Temple Review, February 2003.
* SCRF production prototype in FY04

» Scope of project is very similar to KTeV

» We require a ~3 year funding profile to built the beam and

detector

d

* 1 year of commissioning — some overlap with construction

1s possible
* 2 years of data taking
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|k
Prototype Focus in 2002. '@ .M

» Super-Conducting RF required for high duty-
factor separated K™ beam.

» Demonstrate Ultra-low mass " tracker.

» Demonstrate Ultra-low tagging inefficiency
(~10-) for high energy photons.

» Demonstrate that the torrent of data can be
dealt with.
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SCRF Separated BEAM - K

*Require 5 MeV/m deflecting gradient d s
Have achieved this in prototype 1 and 3 cell cavities

*Design requires 12 Structures of 13-cell cavities
15t prototype built and tested

Q vs. Deflecting Gradient
Single Cell C15-3C-1 Date: 2/23/2002
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= Mechanical properties

extensively studied.
(Fermi-Pub 02-241-E)
= Prototype operating in
vacuum.
= Proven Principle.

Now ready for detailed
engineering.




Strawtubes in a Vacuum PR
‘ M
d s b
Prototype built after BNL871 design
All chamber specs achieved e
100 um resolution, 98% efficiency 15| o =147
151
a0 1251
. . . 10r
Tested in vacuum with cosmics ) 25t Straws in
. 5 _ .
Successful operation .. Air a
Neghglble leak rate * EIcl 500 1000 1500 2000 2500 3000 3502 :uun 4500 5000
Sum Of Distance for top chamber (um)
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GEANT results
and source testing
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General Schematic of JLab Hall-B beamline

during tagged photon running: Detector prototype

_______________________________________________________________________________

50 nA of N
1-5 Gev e- Photon 1E-3 radiator
m \WaVaVa¥d m Tagged electron
3E-4 radiator /
Tagged scattered e- Taigged positron

Dump for non-interacting e

e ) 15



Photon Veto Inefficiency and Technology
0 0.3% VVS Prototype built

O Tested at JLAB 1in an e~ beam

O Achieved <1x10- veto inefficiency at 1 GeV
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Logical Desican:

Frontend electronics

50 GByte/sec

Farm computers

Phvysical Setup:

Frontend electronics

T

Ethernet Switch

|
il

Farm computers



Yes!

» Our research community
no longer drives the
relevant standards.

» Commodity processsors and
switches are leading
(Performance/Cost) .

» Conceptual Design exists,
ratified by Temple review.

18
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Temple Review Outcome |

e

» Technical Concerns: “Much Reduced”.

» Modest cost increase (25%) advised for Detector
and SCRF systems.

» Lack of engineering resources for civil construction
and conventional beamline prevents the associated
costs from being accurately known now.

19

M
b




The Road Ahead... f K

d s

» Fermilab is providing engineering now to
develop an accurate cost estimate for the civil

construction and conventional beamline.
Review 1n October 2003.

» Goal to the Goal: Lehman Baseline in 2004.

» The Goal: Open a new and clear window to
the high mass world.
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Spare Slhides.



‘ Enriching the Kaon Content of the Beam
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. . e K
Ring Imaging Cherenkov Counters t M
O High rate high resolution d s b

O Matched to momentum resolution

O Based on successful Selex RICH

O Photo-detectors are individual PMTs . et
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Momentum vs Ring Radius — Negative Tracks 23




Simulated Spectrometer Performance | M

o Missing mass resolution for

Mo from K. » x- x -
o Matched resolution from |
momentum and velocity p R
spectrometers
o Low non-Gaussian tails o £ 7
o Uncorrelated measurements |
Backgrounds from mis R
measurements and be 001 ot o',g'o'_r,z' b 'Qf&?’é”’é}i Ty )
studied and quantified from M s
the data
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Events,/LO0GE Gev®

When 1t all works

* 95 signal events with <10 background events
* In 2 years of data taking

» Together with others a critical test of Standard Model CP violation

CkM Experiment Sensitivity and Baskgrounds
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