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Isidori’'s FCNC Matrix

baa s (41 2 baa d (413 saa d (419
DF=2 Box L > 100 TeV L > 2x10° TeV L > 2x10% TeV
from DMz, from A-p(Bya yK) from e
Acp(Byga JJr)
DF=1 4-quark Box
Gluon Penguin L >80 TeV L > 103 TeV
fromB(B a X.9 from €/e;
gPenguin L > 150 TeV
fromB(B a X.9
Z° Penguin L > 20 TeV B( K& pnn)
From B(Ba X/ ™) B(Ka plH)
H® Penguin B(B,aa mmin B(Byaa mmin
Present Bounds on L assuming Corners where Sizable Non-standard
O(1) Flavor-changing couplings Effects could hide
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K pnn: Theoretically Pristine

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

K*® p'nin(g) 085 007" 1731197

KL ® p'nm 0.26+ 004" <670 (90%CL)"

[1] J.Brod, M.Gorbahn, PRD78, arXiv:0805.4119
[2] AGS-E787/E949 PRL101, arXiv:0808.2459
[3] M. Gorbahn

[4] KEK-E391a PRL 100, arXiv:0712.4164
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SM Prediction: K* p*mnmn

\/th(lﬁ)‘F/ Re (oS cd(P(rﬁ)-ld P 1
/5

BK* ® pni(g)= k (1 Dy ) 10

« NLO QCD [Buchalla, Buras ‘94], [Misiak, Urban '99], [Buchalla, Buras '99]
e Charm

— NNLO QCDI[Buras, Gorbahn, Haisch, Nierste '06] K+

— EW Corrections to P . [Brod, Gorbahn "08]
 Long Distance

— |DE|< 1% [Mescia, Smith '07]

- dP., +6% [lsidori, Mescia, Smith '05]

OPe. M. Gorbahn

Br(K*® p*nii(g) = (085+ 007)” 10"

*The SM Branching Ratio prediction is precise and
the intrinsic theory error is small
*The parametric error (70%) will be further reduced
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Kaon Rare Decays and NP

(courtesy of Christopher Smith)
C. The Z penguin (and its associated W box)

S . L 2vw*32+31 2y
A - SU(2), breaking: SM :v,Y,” Y, ~m, ViV
MSSM :v2AS2AST - m? x0(1)?
Vi Yn V”Y” ) L.tq)z ;41 ) 2
MFV :viAT“AS ~m V)V |Ayas —cot Bu|” .
3, d, - Relatively slow decoupling (w.r.t. boxes or tree).

107 Buras,Ewerth,Jager, Rosiek '04 , Isidori,Mescia,Paradisi, Trine,C.S. ‘06
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Extreme Physics

 The physics is compelling
« A strong experimental effort has taken place over

many years: many original ideas were born at
Fermilab

e In my opinion, dedicated and ingenuous
experiments are justified by the physics case and
required for decisive progress

e To study precisely Branching Ratios of 10 10 or
smaller very intense, “extreme”, sources of
Kaons are required

 And such Kaon sources require large proton
complex (BNL, FNAL, CERN, JPARC,...)
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Charged Beams for K&a p" nni
“In-Flight”

“Stopped”

— Work in Kaon frame

— High Kaon purity
(Electro-Magneto-static
Separators)

— Compact Detectors

E787
E949
CKM

NAG2

Argonne

Bevatron
KEK
AGS
AGS

M

SPS

September 18, 2009

CO
CO

CO
CO
CO
CA
AP

<5.7x10°
<5.6 x 10”7

<1.4x 107
(1-57+1'75-0.82 ) X 10-10
(1.73+1.15_1.05 ) X 1010

NA62@WINO9

Decays in vacuum (no
scattering, no interactions)

RF separated or
Unseparated beams

Extended decay regions

Stopped; HL Bubble Chamber
Stopped; Spark Chambers

Stopped; p*a nta et

Stopped

Stopped; PPN1+PPN2

In-Flight; Separated; RICH vel. sp.

In-Flight; Unseparated



NAG2 @ CERN-SPS
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Protons / Useful Kaon & Purity

PO Proton Decays Duty Decays p/ K decay
(GeV) | /s MHz (MHz) Factor |/200d (105)

E949 215 310%3 0.41 1.4 1013
CKM 120 5102 30 5.1 0.33 2.9 1083 10
NA62 400 110% 45 4.5 0.30 2.3 1083 2.2

____

E949
CKM 2 1 —- ~60
NAG2 1 12 4 ~6
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CERN Accelerators
proton (not 1r__'f.:5:.scale)
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NAG2:

NA48® NAG2
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e it can
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Principles of NAG2 ﬁﬂﬁZQ

. K* Decay in-flight to avoid the scattering and the
backgrounds introduced by the stopping target

aa long decay region
. High momentum to improve the background rejection
aa unseparated hadron beam

1.  Precise timing to associate the decay to the correct incoming
parent particle (K*)ina ~800 MHz beam

aa Beam tracker with s,~100 (GTK)
2. Kinematical Rejection

aa low mass tracking (GTK + STRAW in vacuum tank)
3. Vetoes (gand mh

aa ANTI ( OPAL lead glass) + NA48 LKR

a MuvV
4.  Particle Identification

aa K/p (CEDAR)

aa p/m (RICH)

September 18, 2009 NA62@WINO9 11



NAGZ2 “Extreme” Beam ....

Y [mm]

SPS primary p: 400 GeV/c
Unsepared beam:

« 75 GeVic

e 750 MHz

e p/K/p (6% K™)

«Sensitivity is  NOT limited by protons flux but by beam (Giga)tracker ( GTK)
*Similar amount of protons on target as NA48 (=510 12/ pulse)
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NAL6Z2
.and NAG62 “Extreme” Tracker

X 100 um 500 ym

300 pm

Si sensor 500 0 L L
pixel :j:::-: Elsi=n

matrix %%%%%@@mﬁ'

Requirements:

‘ - , Track and time each beam particle
"""""""" | s B Time resolution: 200 ps / station

‘ Material Budget: < 0.5 % X  /station
Sensor: 200 mm Si

Pattern: 300 x 300 mm?

R-O
chip

Two options for Read-Out:
*On-Pixel TDC
*End-of-Column TDC

September 18, 2009 NA62@WINO9 13

mechanical support



MIEZQ
GTK R/O Prototypes o

Column
drivers

i lend of colunn i

logic drivers

Sense
arnpl fiers

INFN Design: One TDC / pixel CERN Design: End of Column TDC

Both Designs in 130 nm IBM CMOS
*Prototypes delivered in July, 2009
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NAG2

Background Rejection

B

N AR Y

IRl 7 IR

- |PK ”F?Ul‘]j(

~92% of

Kaon decays
are kinematically
constrained .-

Arbitrary Units
Arbitrary Units

J I " | |
| 20.15 01 20.05 0 0.05 0.1 015
1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 | v
-0.15 201 -0.05 0 0.05 0.1 0.15 miiss GeV'/c

m2,. GeVc*

Signature:

eIncoming high momentum (75 GeV/c) K *
*QOutgoing low momentum (< 35 GeV/c) p*
For , P(p% > 40 GeV/c: it can hardly be missed K+
*PID: CEDAR (p/K), RICH (gghih, MUV (mp, E/P (elp)
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NAG2 Sensit
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Definition of “year” and running efficiencies based o

~100 days/year; 60% overall efficiency
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New Spectrometer NAGZ Q

Old Chambers =
{ n_.» Kevlar —7| 4l ——+ He—H! \ LKr
>/ p* Window ‘ —{ |
— T
Beam Pipe |
=1
~ ~120 m

The Straw Trackers operated in vacuum will enable u s to:
*Remove the multiple scattering due to the Kevlar Wi ndow
*Remove the acceptance limitations due to the beam-p  ipe
*Remove the helium between the chambers

New Straw Tracker =

4/ n_.v I I I I \ [ RICH )
........ p+
LM
TR fa I I Straw I I ,
\ Trackers \ /

*The Straw Tracker is essential to study ultra-rare-  decays in flight
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WIIEZQ
NAG62 Kinematic resolution o
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NAG2

Kinematical Rejection

*®p *p selected on 2007 data using LKr information only
Look at the tails in the m? . reconstructed with the NA48 DCH
Data vs. NA4BMC: reproducibility of non-gaussian tails within 2x

Resolution with STRAW
NA48: Data vs. MC

—a— Signal+Background

:: L 11 L 111 = [ i | L 111
01 005 o 008 o5 P 10°0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
) ) ) ) ) 2 2\2
mzmiss (GeV/c2)2 M iss (GeV/c?)

September 18, 2009 NA62@WINO9 19




STRAW Prototype WﬂﬁZQa

36 mm thick myjdar
Ultrasound weld

full length Straw
Prototype: 2.1 m long
Operated in Vacuum
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STRAW Prototype: Beam Test

1D 503
Entries 1156548

30000 f— RMS=104 m |y -o.10276-03

fus  0.1041E-01

Residuals

0.4548E-02 £ 0.8425E-05
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[ = PG B23E+05/ 194
80000 = - 45 m i 0.7478E+05 + 117.7
C 2 —0.5964E-03 + 0.6014E-05
F 3
A
o
b
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Resolution (cm)
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x 102
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I

P

;

:

%
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Drift Distance (cmRl o
A62@WI

NO9

RMS=122 m
=45 m

RUN 20694, kaons

CO, (80%) CF, (10%) Isob. (10%)

21



LKr gDetection Efficiency

LKrineff. per g (Eg> 10 GeV). p* track and lower energy gare used to
h+ $- predict the position of the other @

*® p * pPselected kinematically

-0%
%

Measured from 2004 NA48/2 daia
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Installation of ANTI-Al

September 18, 2009

*The first of the twelve Large Angle
Vetoes was installed on August 6, 2009

*These lead-glass blocks were formerly
used in the OPAL Experiment at LEP
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RICH-400 Test beam 2009

*Full length RICH Prototype
*400 Hamamatsu R7400 tubes
«17 m focal length glass mirror
*Pure Neon STP

*Beam tested June 2009
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RICH Test, June 2009, Preliminary

15 GeV/c et

25 GeV/c

60 ps b=1

PM=Hamamtsu R7400-03
FE= preampl+Nino card

R/O=TELLZ1 fully equipped with
HPTDCs (1 card = 512 channels)

September 18, 2009 NA62@WINO9
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Timescale

2009 2010 2011 2012

K12

CEDAR

GTK Prototype Test Eng 1 Eng 2/Prod

LAV Production of Mechanics & Assembly %_ é}

STRAW g

RICH PMT Procurement: 100 / month E ‘?

LKR B =
o -
= G»

MUV Z

TDAQ TELL1/TTC Proc.

I I I

September 18, 2009
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& n

New Result presented by Evgueni Goudzovski @ KAONO9
SM — et m
S |

BSM

* New Collaboration familiarizing with single-track fi nal states in old setup
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Comparison to world data

¢ * )

d ’ "

+ I+

) d $
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NAG2 Status

New Result R =(2.500 0.016)” 10->. The full 2007-2008 data
will allow one to test the SM to < 0.5%

The K*aa p*n nproposal was approved by the CERN Research
Board (December 5, 2008)

It is part of the Medium Term Plan (MTP) approved by the CERN
Council in June

With 2 (+1) years of data taking at the SPS, NA62 a ims at a
~10% measure of the (SM) BR(K'aa p*nn)
It is compatible with the operation of the LHC

With ~50 times the kaon flux of NA48/2 , the physics menu
promises to be rich

Once the GTK technigue is mastered, higher intensit  ies and
“factory mode” data taking could be envisaged

In the longer term (SPS upgrade for sLHC) one looks forward to
study also ultra-rare K% decays

September 18, 2009 NA62@WINO9
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