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Measuring |V,,| with K'—-> " v v :

o Experimental challenge

o Br[ K" nt'vv ] = 83 x 10"!! (Standard Model)

d

o 2 clean events seen in BNL787 (Br= 16 "'® ; x 10°!!) in decay at rest

o 6 MHz K decays to see 100 events in 2 years

o Need to control background to 10-!! of all K* decays + interactions

> This 1s beyond the decay at rest technique

K

e

o BNL787+CKM join forces: E949 [complete at rest] - CKM [in flight]

o> CKM’s goals

o 100 signal events at Br=1x10-1° with <10 background in 2 years of data.

0 ~140 additional events below the K » peak; background TBD.

Form factor if this works!
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CKM Collaboration

o Groups from 4 national laboratories and
6 universities.

o 48 people today including 7 postdocs
+ students

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

o Substantial experience in rare and ultra
rare kaon decay experiments

o Collaboration will double with time
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CKM — A high rate decay-in-flight
spectrometer to measure Brf Ktf—> 1" vv ]’

o High Flux (30 MHz) separated K™ beam at 22 Gev/c.
o Redundant high rate detectors and veto systems.

R' i
.| ('N

L

T e

50 MHz=
Separated
K4+ Beam
22 Eewio

]
|IIII|IIII|IIII|IIII|IIII|IIII|

S pectramete -

CRKNM Apparatus

Forw ard
Weato

[ ¥=1ely]

Wacuurm
Entrance Weto

g e
Tracler
11 I
11 I
Baam
I nteraction

wWeto I

O cwenstreann

FPion RICH
1 atm MNeon

Ek11 09
M ag net
Hole
Weto

M 1
Sgeggt?c;?neter
| —_ = o = = - |
| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
— 20 2 20 4 &0 50 150

LI

C




Experimental Technique :

o High Flux Separated K* Beam
- 30 MHz K", 6 MHz decay in the acceptance.

d

> 5%x10'? 120 GeV proton /sec in slow spill from the Main
Injector to produce the required K™ beam (~15% of design

intensity)
- Debunched proton beam required (~10% 53MHz ok).

o Apparatus

K
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> Decay 1n flight spectrometer with both velocity (RICH) and

momentum (magnetic) spectrometer for 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
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Ring Imaging Cherenkov Counters | KM

d s
o High rate - high resolution - matched to momentum resolution

o Based on successful Selex RICH. Photo-detectors are

individual PMTs.
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Prototypes 1n 2002/4
o 2002

d

K

e

o Super-conducting RF required for high duty factor separated K" beam.

Demonstrate ultra-low mass ©t* tracker.

0
o Demonstrate ultra-low tagging inefficiency (~10-) for 1GeV photons.
©)

Demonstrate that the torrent of data can be dealt with.

o 2003 — prototypes in Fermilab Test beam
o High rate low mass MWPC K™ tracker

Beam time stamp (scintillating fibers) prototype demonstration

O
o Ultra-low mass ©* tracker — rate, resolution and gas studies
o PMT RICH prototype to study gases and high rate operation

o 2004
o First full SCRF module — test in A0 test beam
o DAQ system prototype
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‘ Enriching the Kaon Content of the Beam

Target
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SCRF Separated BEAM - K

o Require 5 MeV/m deflecting gradient at 3.9 GHz
Have achieved this in prototype 1 and 3 cell cavities

oDesign requires 12 Structures of 13-cell cavities
15t prototype built and under test

Q vs. Deflecting Gradient
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Main Injector Operation

And Proton Economics

o Need 6x10' debunched 120 GeV slow spill protons (7% MINOS)
o Best plan seems to be mixed fast and slow spill cycles
o Allocation of protons then purely 1s a program planning decision
o Debunching of slow spill should require <100 msec
o Calculations and studies are required to demonstrate long spill,

de-bunching, loses, shielding requirements, ...

Possible Main Injector Operations Medes for Fast and Slow Spill Programs pse

fast spill anly 2 sec rep rate

slow spill only 3 sec rep rate 1 sec flat—top
NV
fast/slow spill 3 sec rep rate 1 sec flat—top
- \/I\/I\/L/L/L/L/L/L/I\/L/I\/I\/

1 slow (& sec flat—top) + 8 fust (2 sec) spills

mixed fast and slow spills running together

d
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Spill Mode Cycle Time  Flat top Protons /Hour [x1E15]

[sec] [sec] Pbar Neutrino SY120 Total

A FastOnly 1.9 0 15.2 474 62.5

B ' Slow Only 29 1 41.0 41.0

C | Combined 2.9 1 9.9 24.8 6.2 41.0
D Mixed Fast 19/7.9 0/6

Fast cycles / Slow cycle

5 17.4 6 8.3 25.9 6.2 40.3

6 19.3 6 9.0 28.0 5.6 425

7 21.2 6 9.5 29.7 5.1 44.3

8 231 6 10.0 31.2 4.7 45.8

9 25 6 10.4 32.4 4.3 47 1

10 26.9 6 10.7 335 4.0 48.2

11 28.8 6 11.0 344 3.8 49.1

12 30.7 6 11.3 35.2 3.5 50.0
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Straws 1n Vacuum: ¢

Old Wine, New Bottle.

o Mechanical properties
extensively studied.

(Fermi-Pub 02-241-E)

o Prototype operating in
vacuum.

o Proven Principle.
(BNL 871)

Now ready for detailed
engineering.




Strawtubes 1n a Vacuum

o Prototype built after

BNLS871design
All chamber specs achieved
100 um resolution

98%efficiency
o Tested in vacuum with cosmics -
Successful operation -
Negligible leak rate

Wrong gas (ArCO, for safety)

LAB 3 Prototypa

K
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Photon Veto Inefficiency Measured

GEANT results
and source testing
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Photon Veto Inefficiency and Technology .| K
0 0.3% VVS Prototype built t l\b/[

d s
O Tested at JLAB in a precision tagged e~ beam

o Achieved <5X10 . veto inefficiency at 1 GeV (require < 3x10- )

VvS prototype 2 to 1.16 GeV electr

Events
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VWS Energy (GeV) ( ie‘ 7
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GeV




Engineering & System Design

Full mechanical design for
vacuum veto system done

Injection molded
scintillator demonstrated.
Production mold ordered.

Planning whole ring (3%) < Al Tin _

production prototype.

System engineering of
whole detector underway.
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Trigger & DAQ: | K
Can we go “Triggerless™? | 1\:[

Yes! How Do We Build This?
Logical Design: 50 GByte/SeC

Q Our I'esearCh Community no longer Frontend electronics
drives the relevant standards.

(cf. Best Buy, Circuit City)
QO Commodity processsors and

switches are leading Farm computers
(Performance/Cost) .

e

] ] Physical Setup:
O C()nceptual DeSIgn eXIStS Frontend electronics

o Data simulated (full GEANT - all hits)
o Switching and L1 trigger demonstrated. Twe N S

Ethernet Switch

O Endorsed by Temple review. e N S

Farm computers




Scope & Timeline | K
> CKM LOI in 1996 : M
* 1st proposal 1998 — approved as R&D proposal (E905) ¢oeh
 2nd proposal considered and approved 2001 (Stage-I) (E921)
* 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 build the beam & detector
e ooy | oo |0 | oo | oo | aos | 29 | aoto | ot [ oo
BTeV BTaY BTaV BTeV
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Reuting I e I e MINCS MINGE OPEN OPEN OREN
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Temple Review Outcome jf K

d s

» 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.
Recommendation: Work toward a review of these
items 1n six months.
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o C
The Road Ahead... : KM

t

» Fermilab 1s providing engineering now to develop a =

baseline cost estimate. Active work on:
~ Detector Systems.

> Civil construction and conventional beamline.
> Cost / schedule.

» Goal to the Goal: Lehman Baseline in 2004.

» The Goal: CP Violation as a new and clear window
to the high mass world.

» We hope you concur. We believe you should .
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When 1t all works

o 95 signal events with <10 background events

o In 2 years of data taking

d

o With others a critical test of Standard Model CP violation

CkM Experiment Sensitivity and Baskgrounds

T 0%
]

3 KY— ' 158K events
u
]
L)
Q
-
Z o0t
2 E
o E
u 8

105

102l KY — oy

E 95 events
in signal region

10

.

—0.005 o 0.005 0.01 0.015 0.02 0.025

[GeV]

MZ

miss

ETeV/LHCb

Bs®—» Ds7K*

v =18 degrees

CKM
Kt —

Bﬁ—>'-‘,ifKnn
dein(2§)=2G.08

Byl Wyl=4 107y

CDF!DDT

K

:

e

AM/AM,
Bl /vy =+ 13%

ke — o
dn/m=+10%

20

M
b




	
	Measuring |Vtd| with  K+? ?+ ? n
	CKM Collaboration
	CKM – A high rate decay-in-flight  spectrometer to measure Br[ K+? ?+ ? n ]
	Experimental Technique
	Prototypes in 2002/4
	Straws in Vacuum:  Old Wine, New Bottle.
	Trigger & DAQ: Can we go “Triggerless”? Yes!   How Do We Build This?
	Temple Review Outcome
	The Road Ahead…
	When it all works

