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Experimental
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A Look for deviations from precise SM

A Produce heavy new particles directly predictions, CKM, K, D, B Decays, Leptons
A Heavy particles need large colliders A Look for rare or forbidden processes
A LHC Media Event: March 30, 2010! A Requires h|gh precision & intensity
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N N e wiaon Project
hat the ti me of

AThere is some fr eedo Haonh
project when the framework is defined as the
Ati me of the LHCO

A | take here a broad perspective considering
projects that have been approved and in
construction and also projects with a bit longer
time-scale and an uncertainty.

A | will refrain from mentioning kaon projects for
the 2030+, although one could argue that the
exploitation of the LHC may well extend into
t hose year seéee.
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Motivation

A Physics motivation in| s i d ¢atkjirdasidition:
A Interplay between technology and science

I Development of beyond state-of-the-art
detectors for eventual use at future collided
and other applications (e.g. time-stamping)

A Training ground for young experimentalists:

| opportunities to educate the next generations
of students giving them 1 if history is a guidel
excellent opportunities
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Outline

A CKM Unitarity (V)

A Lepton Universality (Ry)

A Ultra-Rare K decays (K- pn 1
A Kaon Interferometry (j - KK)
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CKM Unitarity: V.

A Experiment:
Flavianet average of KO /KO /K oz} Flavi A

semi-leptonic modes: a | 719 Kaon we
_ Z 1 rm-0aesses)
f,(0) [V s|= 0.21664 +/- 0.00048 R pten

Y 0. 22 % relative

A Lattice QCD (RBC UKQCD): 0 295
f,(0) = 0.9644 +/- 0.0049
Y |V | =0.2246 +/- 0.0012

A Waitfor ChrisSac hr afall a 6
for lattice QCD f£.(0)
determination
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<0.1 % precision of the SM prediction
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51,089 K*-

e*n candidates,

99.2% electron ID efficiency,

10°

Backgrounds:

Source B/(S+B)
Kip (6.28°0.17)%
K, (M-e) (0.23°0.01)%
Keog (SDY) (1.02°0.15)%
Beam halo (0.45°0.04)%
Kes 0.03%

Kop 0.03%
Total (8.03°0.23)%

R¢= (200 0.012,,, + 0.011,,) % 10°S
R, = (2500 0.016)% 10°5
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Presented by Evgueni Goudzovski at KAON2009
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Comparison to world data YA6Z {}

March 2009 June 2009
PDG'08 M March'09 average PDG'08 #—— June'09 average
Clark (1972)
® . Clark (1972)
o Heard (1975)
Heard (1975)
S Heintze (1976) ®
NA48 (2005 Heintze (1976
—— prelimim!ry, zuo:.*} data ® ( )
® E&inane!r%uz?g} data KLOE (2009)
Eidn final result
KLOE (2007)
@ preliminary (obsolete)
OF (2005 ol NAG62 (2009)
KL relimi
- final reSu'I:t ) preliminary
| | LML | | | | | | o | | | |
2.2 2.3 24 25 26 2.7 2.8 5 2.2 2.3 24 25 26 2.7 2.8 5
Rkx10 Rix10

World average drR.2 10° Precision With the full NA62 data sample of 2007/08,

March 2009 2 467°0.024 0.97% the precision is expected to be improved to
June 2009 2498°0.014 056%  PeterthandkyR=0.5%
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Ry: sensitivity to mﬂ%@

R« measurements are currently in agreement (Mg, tanb) 95% exclusion limits
with the SM expectation at ~1.5s. éOO
Any significant enhancement with respect <
to the SM value would be an evidence "'80
of new physics.
60
For non-tiny values of the
LFV slepton mixing D, 40
the sensitivity to H” in R ,=K_,/K
IS strong . B o<t wn0”
B A <5107
s <1107
. . |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
oMaybe NA62 will findo t haeo f 40 s teo0 e vapod eiopa

for a charged Hi ggs e xGhaigediiggs mags[GeVic?]
-- John Ellis (arXiv:0901.1120)
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Ultra-rare K Decays
s W d

A The contribution to 1% 1%

these processes due to the
Standard Theory istrongly
suppressed (<1®) and calculable
with excellent precision (~%)

A They are very sensitive to possible
contributions from New Physics @
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K- p nCumrent Status

Decay BranchingRatio (3 10%)
Theory(SM) Experiment

K*- p'ni(g) 085° 007 1731197

K- p°nim 0.26° 0.04" <260 (90% CL)"

[1] J.Brod, M.Gorbahn, PRD78, arXiv:0805.4119
[2] AGS-E787/E949 PRL 101, arXiv:0808.2459

[3] M. Gorbahn
[4] KEK-E391a arXiv:0911.4789v1
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Neutral Beams for K AP n'n

APencil o nNMicrobunchedo

I Ex from Time Of Flight

I p°+ fAnothingo )
i Low(er) Kaon Energy

i Prcutfor LAnp®&

KO, A 2p° suppression I KOPIO BNL Concept
i hermetic calorimetry further elaborated for FNAL
(Bryman@KAONOQ9)
KTeV Tevatron <5.7 x 107 (p°A eeg)
E391a KEK-PS <2.6 x 108
KOTO J-PARC Aimat 2.7 SMevts/ 3y
KLOD u70 Excellent Design
KOPIO Opportunity at Project X (IC2) ?
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E391a @ KEK PS

Csl - calorimeter

Vacuum vessel

CC 06 -~ KEK 12GeV PS East Counter Hall

e

12GeV-PS

—

Movable frame

MC

3
& —* Data (Run-3) L
->°3. 1035_ ) (o 0.25F e
o C e x -
E y :_ — MC sum ﬂ.ZE
s 0.15f
% 10E ﬂ.l;
2 0.05;
1 I N R SIS T N SN T T N SN N A S N RS ST I A B
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4vinvariant mass (GeV/c 2) Z\tx (cm)
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E391a Final Result

A Based all full statistics (2004- Flux 8.7 x 10°KO,
2005) including reanalysis of
already published data 2 0.4 )
. Z 0.35 <
A At these sensitivities g . icao? ¢V
backgrounds from kaon decays 2 0250 o LA
are negligible w.r.t. neutron 0.2 i
induced ones 0.15: 4;,,* *
0,15 e
0.05
20 250 300 350 400 450 500 550 600
Beam Halo CCo02-p° 0.66 0.39 Z.,. (cm)
neutron CV-p° <0.39 '
CV-h 0.19 0.13 )
KOLV PP (2.4 1.8)x 10?2 B(KOLY p) n )7< 2.6 x 10890% CL
Other Backward p® <0.05
Factor of x3 improvement
Total 0.87 0.41
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KOTO (E14) @ JPARC

Aim for Flux x Run Time x Acceptance = 3000 x E391a

Main Ring Parameters:
L=1.6 Km

30 GeV

2 x 10 ppp

0.3 MW

0.7sspill/ 3.3 s
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KOTO E391a (Run2)
Proton energy 30 GeV 12 GeV
Proton intensity ~ 2el4 2.5el2
Spill/eycle 0.7/3.3sec 2/4sec
Extraction 16 deg 4 deg
Angle
Solid Angle SuStr 12.6uStr
KL yield/spill 7.8e6 3.3e5
Run Time 3 Snowmass years 1 month
=12 months.
Decay Prob. 4% 2%
Acceptance 3 6%" 0.67%

‘withdut Back splash loss

Details in H. Nanjo
KAONOGOO9

Counts/bin((.1GeV /eyl ¥ POT
=

AUgUStO CeCCUCC| Momentum of K, (GeV/e)

L N e L L L L
L i 2z 2 4 5 & 7 ¥ v i

x30 /sec

x10

x?2

x5
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KOTO @ JPAR

K; — 7w *30" discovery

108

Cut away view of vacuum part v

<
&

Branching Ratio

,_.
=]
s

Grossman-Nir limit ]

Xtals 1011 |

Standard Model

1"[)18

L vk e
e . e =
- \v
illustrated by Masuda (Kyoto U)

Schedule (H. Nanjo, KAON2009)

2009

Aeamline construction

ABeam Survey Ko,

2010 Background
ACsl Calorimeter Construction

AEngineering run with Csl calorimeter

2011

Ahysics Run start Halo Neutrons
GGl March 24, 2010 Augusto Ceccucci

10% ntensity

one month

p°p°

p*p p°
e'p n

107 PoT

‘]021

KOTO goal
2E14 pps

EXpeCtationS: 3 Snowmass years

1.7

0.08
0.02

0.38
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NConfil r mat i okaons fn the KlLubteama |
line at Hadron Hall, J-P AR CO Dec 7,
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Plans for K° @ FNAL Project X

120GeV or 8 GeV Protons

(d%6/dpdQ [nb/(sr MeV/c)]

100

AKOPIO-like: TOF to determine Kaon Energy
A<nowledge of E, allows rejection of

two body decays

APointing Calorimeter

A4 p veto for neutral and charged particles
ASmall Beam instead of flat beam
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500

p(2.3 GeV) + 12C — K" + X
6, <12°

i Ao o ANKE data A
) ’ + o lagmars 1

200 400 600 800 1000 1200 1400
Pk (MeV/c)

Mroject X (IC2): CW p LINAC ~3 GeV
Aexcellent bunch timing
Adigh flux of low energy K°,
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Techniques for K*"4Ap" n'n

NStoppedo
I Work in Kaon frame
I High Kaon purity
(Electro-Magneto-static
Separators)

I Compact Detectors

Argonne <5.7 x10°

Bevatron <5.6 x 10”7

KEK <1.4 x 107
E787  AGS (1.57*175 ., ) x 1020
E949  AGS (1.73+115 o) x 10710
NAG2 SPS
P996 FNAL

A1-ml i ght o

I Decays in vacuum (no
scattering, no interactions)

I RF separated or
Unseparated beams

I Extended decay regions

Stopped; HL Bubble Chamber
Stopped; Spark Chambers

Stopped; p*A nTtA et
Stopped

Stopped; PPN1+PPN2
In-Flight; Unseparated

Stopped; Tevatron as stretcher ring?

20
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E787/E949: Final Result

arXiv:0903.0030v1

PRD79:092004,2009

0 ab 04

120 200 Za0 300

Momentumn {Mev /c)

B(K*Ap'nn (E73*115, ) x 1010
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E/87/E949 Technique

nThe ent.i

AGS 1PD(Epaspill)@atfa mérbentim 1 0

of 21.5 GeV/c was delivered tothe E949K*pr oducti on t at

Barrel
Veto- —

BVL

Range
Stack
RSS |
Endcap

Collar \:,‘:f T
N | S collarfill

K+Bea m
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= ——— 7
, Target
S Upv BeQ 54\ | get ppv
Al Drift Chamber

MDuty Factor: 2.2 s/5.4 s ~ 40%

Al int. length Pt target

MBefore separators: 500 p: 500 p : 1 K
Aufter separators: Purity K:p ~3-4: 1
Ancoming 710 MeV/c K* identified

by L and sl| oBe®dnddown
Active Degrader

A-27% K* stopped in the target (1.6 MHz)

A T solenoid

p*: Delayed Coincidence
X B4 x Rpageget
Energy
Momentum

p‘A mAe*

Augusto Ceccucci 22



Stopped Kaon Redux?

Can one improve significantly over the E949 PNNL1 efficiency figures?

Kn® 0.38 Beam, T, RS rec.
Kp2 0.88 E, range, selection
Pscat 0.62 Rej. of beam scat.
pA M e 0.35 Decay chain

Trig 0.18 Trigger eff.

PS 0.36 Phase Space
nucl. 0.50 Pion interaction
T2 0.94 topology

fs 0.77 Stopping Fraction

ASt anda 1.7x10° Total efficiency

Aonl yo ~ 2 2 % kaofs.stépped x
in target

Arhe product of the red factors (1.5 x 10-2)
Is a high price to pay: 1/(1.5 x 10-2) ~ 66x

Possible Improvements (Bryman@KAONOQ9):

1. Lower Kaon Momentum to
increase the stopped kaon fraction
2. Larger Beam acceptance
A 4-5x
3. Detector Improvement: finer
RS segmentation; LXe gveto
A >5X
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Stopped Kaons at
Fermilab: P996

A The status of P996 is that the Fermilab PAC has stated that
ANnProposal meets thd drsictiemita ffi ar]

A P996 as proposed requires 3-5 years of running the Tevatron
after Runll as a 150 GeV Stretcher to reach a 1000 event SM
sensitivity.

A Fermilab and the P996 collaboration are now in discussions

with the Department of Energy exploring the possibility of
running the Stretcher after Runll

(Update kindly provided by Bob Tschirhart from Fermilab)
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NAG2

K* Decays In flight:NAG2

Aims to a 10%
measurement

of BRIK*Y p*n n
In ~2 years
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VAG2

CERN Accelerators

(not to scale)

ol
¥

proton
IS unique

S heeded LHC

oton
nly part-time

NAG2:
NA48- NAG2
Birmingham, Bratislava
Bristol, CERN, Dubna,Fairfax,

Ferrara, Florence, Frascati,
Glasgow, IHEP Protvino,

INR Moscow,

emainder
e it can
400 GeV/c — AcE 7N
for fast or slow _ ™

n 3 Liverpool, Louvain,
Mainz, Merced, Naples,
— . Perugia, Pisa,
nautrines fo Gran Sasso (1)
Rome |, Rome I,
e b s ol San Luis Potosi,
AD: Antiproton Decelerator . .
0L DR S o R iR Gra Sao ) SLAC,Sofia, TRIUMF,Turin

PS: Proton Synchrotron
LINAC: LINear ACcelerator
LEIR: Low Energy Ion Ring Radolf LY, S Division, CERN, 02.09.96

CNGS: Cern Neutrinos to Gran Sasso uiesvisatas vedd W‘;‘Zm.j" o
D, Mangluski, P§ Div, CERN, 23,0501
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NA62 Detectors

LAV:
Large Angle Photon Veto SAV
Small Angle g Vetc
Vacuum Tank
CHOD
gxg'\\ Hodostope

Target Particle N
|

v Il
J/ CEDAR ‘\ N

Tk 1 N
ot — )
yd Gﬁ? IJJ T_WWI

Beam Pipe Weasure Kaon: } RICH LKr MUV
m',?;?es Y Straw
Atomentum Decay Region 65m  Tracker

|
Drawing by Ferdinand Hahn TotalLength270m
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Background Rejection

NAG2

[
0.1

K
a |P |8 & |P @
2 2 2
rr“nlsso ran_ _/7_8+mp£_ 8 |P ”P |‘]
¢ IRI+= "¢ |+
£
5 ~92% of
Decay BR 2 Kaon decays
5| are kinematically
K*- min K) 0.64 “| constraint
K*- pp°(K,) 0.21
K* p'p'p
K*- p'p°p° 0.07
Signature:

Ancoming high momentum (75 GeV/c) K*
AOutgoing low momentum (< 35 GeV/c) p*
Acor K, P(p%) > 40 GeV/c: it can hardly be missed

GGI March 24, 2010
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1
015
m2,.. GeVZ/c*
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NAG2

4. Particle Identification

A K* Positive identification (CEDAR)
A p / separation (RICH)
A ple separation (E/P)

Decay BR §
K*= p’e'n Kg) 0.051 *
K* pmin Kig) 0034 |
K*= 1in g (K gy 6.2x103
K* p'pre*n K{,) 41x10°5 e
- prprmn Ke) taxos | i GoVACH

GGI March 24, 2010
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NA6Z

NAG2 Sensitivity

Decay Mode Events
Signal: K*- p*n nSM 55 evt/year
K* p'p°® [h,=2x10%(3.5¢10°)] 4.3%(7.5%)
K*- mn 2.2%
K* e'p'pn ¢3%
Other 3 1 track decays ¢1.5%
K *- p+pOg _.,2%
K* mn g ~0.7%
Expected background ¢13.5%(¢17%)

Definition of Ayear o and running effi
~100 days/year; 60% overall efficiency
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NA62 Focused R&D

1 Gigatracker (GTK): Beam tracker (10 ° part/s)
based on Si micro pixels with  ~100 ps time
resolution; thickness of one station ~0.5% X,

1 Straw Tracker (STRAW) : To be operated in the
vacuum tank: total thickness for 16 views ~1 % X,

y P.I.D.(p/n) upto P=35 GeV/c
Neon RICH with 17 m focal length spherical
Mirrors
+ Hermetic Coverage: p° suppression factor~10 38

Employ high performance calorimeters as photon
vetoes: Liquid Krypton (NA48) + Lead Glass
(OPAL)

Augusto Ceccucci GGl March 24, 2010 31



EZQ
NAG2 Beam & GTK e

SPS primary p: 400 GeV/c

Unsepared beam:
A75 GeVl/c
A750 MHz : T

Ap/K/p (~6% K*)

-30 -20 -10 0 10 20 30
X [mm]

2nd gchromat

< 132 | S <& | 96 m N
S g 2
GTk1 £ GTK3 o
© V. | 2
GTK2
ASensitivity is NOT limited by protons flux but by beam (GigaTracKer

(GTK))

ASimilar amount of protons on target as NA48 (~5 10!2/ pulse)
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First Results from GTK Te@tgﬁz Q

Preliminary M. Fiorini
Charged weighted time jitter measured with test pulses M. Noy
[ Generated signal in GTK1 | [T jitter plot | A. Kluge
Moot fu.wf—- 4+ CERN EoC R/O Prototype -
12000 — i. -
B =042
10000 E
s YEE, [ =1mipA ~70ps
. - ey
4000 008 -ty
C - Hhars Syhad
mnn:— I:I.EH:—- : el Lo T
Charge [fC] Injected charge [fC]

* lnking into account the energy distribution of parlicle hits in the

Gigatracker, one can extract a weighted average value for the

jitter on T,
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n We

come from Resear ch

Flavio Marchetto
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LAV AN FAL

A In summer 200%he first station A1 was
built at LNF and shipped to CERN. It is now
mounted on the blue tube

A A test beam run with thecomplete system
including prototype frontend electronics
(FEE) was performed at the end Ofctober
2009

Start Monitoring| | Stop Monitoring] [154° | [uate.zs [a4z
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LAV Time resolution

1000 |

A4 GeV electrons
ATime differences
between two
subsequent -
blocks
ASlewing o
correction
AQ obtained from
time over
threshold

200
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VA6Z2

5 d
\% v

raw

: Gcorr:1'126i0'011 ns> After slewing correction

. =1.473x0.021 ns

Augusto Ceccucci
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RICH 2009
prototype test

beam
A 12.5-27.6.2009: test beam

A 1 mirror with f=17m, 50 cm wide
A 414 PMT + full electronics chain
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