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NAG2 hiography

1997-2002 NA48, NA48/M1
Simultaneous K, K; beams
Re &'/e, rare K; and hyperon decays

~ O] 2003-2004  NA48/2

D=

-

. NomhAea -
NAd8/NAG2 - e Simultaneous K™, K~ beams
A, e Direct CP violation, rare K= decays
2007-2008 NAB2 (using NA48/2)
Rp=T(K)T (K,uz}

NA62 main goal:
measure K*—m*vv decay
(~100 events with S/B~10)

Beyond the baseline:
v Decays with LFV
v Heavy neutrinos
v 70 decays

NA62 collaboration:

Birmingham, Bratislava, Bristol, CERN, JINR Dubna, Fairfax, Ferrara, Florence, Frascati,
Glasgow, IHEP Protvino, INR Moscow, Liverpool, Louvain-la-Neuve, Mainz, Merced, Naples,
Padua, Perugia, Pisa, Prague, Rome I, Rome II, San Luis Potosi, Sofia, Stanford, Turin
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Rare kaon decays

Do we still need kaon physics in the LHC era?

4

Towards the Identification
of New Physics through
Correlations between

Flavour Observables

Andrzej J. Buras

(Technical University Munich, TUM-IAS) 4;?{ h
IAS 1

EPS-HEP Stockholm
July 2013
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Rare kaon decays
Message from A.Buras for NA62 and others

Important Messages on K Physics

l Many Models (SUSY, 4G, LHT, RS)
can still accommodate

Br(K* N :rr+v§) ~ 2Br(K+ N ﬂ:+v§)

SM

Br(K_— n°w) ~ 3Br(K_— n°w)

SM

!l Even if no significant New Physics
would be seen in B-decays
large effects in K _y v are possible.

3.
4.

Stockhalm2013

LHCDb opened the road for large effects
in LHT, RSc.

€'/ € very important provided QCD Penguin
hadronic matrix under control

23.08.2013 V.Duk, for the NA62 collaboration



Results from 2007-2008 run

Ry = BR(Ke2(y)) / BR(Ku(y)) measurement:
Motivation: Lepton flavor universality test

v Best statistics (145958 events of Ke2 decay)
v ~0.4% accuracy achieved

v Result: Ry = (2.488 £ 0.007 43 + 0.007;) x 10
(in accordance with SM predictions)

K—myy decay:

Motivation: ChPT tests

v Best statistics (~300 events, combined with 2003-2004
run)

v' Result: ChPT O(p*) and O(p®) cannot be distinguished

v" Model-independent BR measurement with accuracy <10%

v' Details: see talk by Andrea Bizzeti on August 27
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K—nvv decay

Golden kaon modes FCNC process:
 Forbidden at tree level

 Box and penguin diagrams
P « Small BR (A° suppression)

1

I

1

1 S~

| B “\\ ~ .

§ ==
charm

u,ct T

A W v
v' Theoretically clean (~10%)
v Main contribution from Short

SM branching ratios

DisTance (Brod, Gorbahn, Stamou; PRD83 (2011) 034030)
v' 2-loop EW corrections below 1% Mode BRyy <10
v Hadronic matrix elements related K'>mtvily) | 7.810.75+0.29
. D K, —»>m0w 2.43+0.39+0.06
to well known decay K*—e*vm
v' Sensitive to New Physics PP 1

. (V¢ p Measurements)
Experimental result:

1.15 _ _
E787/E949 (BNL) BR=(1.?3 tl_[]gj} x 1':' 10 theoretical error

(LD corrections)
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K—nvv decay: measurement principles

main kinematic variable:
¢ = (PK - P )2
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2 signal regions split by the Kn2 peak:
v' 92% background decays outside kinematical region
v" 8% background should be rejected by vetoes and PID
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NAG62 / 2014 Layout SAC
CHOD

accom T [ rn v uh H}L_”"_N“ll

// m{/ (I T d I “I“II‘

MR IF

Beam Pipe RICH | LKr MUV
Straw Tracker IRC

270m

Basic principles:
v" Decays-in-flight technique (60m
decay volume, ~10% decayed kaons)

v" High intensity, fast timing

v Kinematic reconstruction

v’ particle ID . 3 . =
v EffLClenT veto . n:um;:‘ Lﬂ}mi[l_ﬂ - P |P.J0%
v' ~10% acceptance ] Fal)
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NA62 / 2014 Layout SAC
CHOD \
Target CHANTI T " Iy I
1 mncceonn | nrwnn J H | 1t NH“II
IE { y;lﬂ - T _':'::-:::: :'_ _ o l— ; ?I]
- | A
Y, Gm ANTNNTN Py J il
Beam P|pe RICH | LKr MUV
Straw Tracker IRC
Z?E m
GTK:
Beam: KTAG/Cedar: v 3 Si pixel stations
v 400 GeV/c protons from SPS v Differential Cherenkov v 300 x 300 pym pixels
v' 3 x 10% protons per pulse on counter for kaon ID v" Very thin (~0.5X, per
farget v High rate environment station)
v' 75 GeV/c secondary beam v H, at 3.6 bar v Ap/p ~0.2%
v ~6% of K* (unseparated beam) v ~100ps time resolution v 200ps per station time
v 75OMHZ @ beam Tl"acker‘ rlesolu'rion
v 10MHz downstream 2r achromat
v' 4.8 x 102 kaon decays per year "

23.08.2013
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NA62 / 2014 Layout SAC
CHOD \
Target CHANTI m|w|mwm|wm WMNWM I :
o ™ R
4 7 [N J ) | ‘w mll‘
/ 6Tk 0O g o I
Beam Pipe RICH | LKr MUV
Straw Tracker IRC
Z?E m
| CHOD:
Straw: . RICH: . v' 2 planes with 128
v' 4 straws in vacuum v" Ne at atmospheric scintillator slabs
v' Spectrometer magnet pressure read by PMs
(256 MeV/s kick) v' p-m separation at ~1% v LO trigger signal
v Ap/p <1% for 15 <P <« 35 GeV/c
v ABm <66 prad v" Time resolution ~100 ps

v" LO/L1 trigger signals
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EXxperimental setup: photon veto systems

NA62 / 2014 Layout SAC
CHOD 1
Target CHANTI THER Il Il WM'MM [ ]
| KTAG-CEDAR N\ J N __H__ __{‘I“II
e == e B T = .
4 W . J | “I “II‘
/ GTK IO ‘gt it l
Beam Pipe RICH | LKr MUV
Straw Tracker IRC
270 m
LAV: LKr:
v' 12 stations in v NA48/2 em calorimeter IRC & SAC:
vacuum v’ Cover 1 to 8.5 mrad v Small angle
v Cover 851050 v ~27 X, calorimeters
mrad v' y detection inefficiency v Cover <1 mrad
v OPAL lead glass for E>10 GeV: (1-¢) < 8x10-¢
read by PMs v" 100ps time resolution
v ~18.6 X, LAV+LKr+IRC+SAC:

23.08.2013

~108 rejection of mO0—yy
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Experimental setup: veto systems

NAG62 / 2014 Layout

CHOD

S
o sceons | WA EE AN "'“_"'h_ "{h JH_”"_N““

// GK (I T J I “I“II‘

AC
.;

oo pioe i L et Pty
Straw Tracker IRC
Z?E m
MUV3:
\C/Hé l;l‘rEr:;ons after {\/A%Kirf};\gig\\‘r/ﬁl‘a’ror j lf'iﬂo:‘r“;;lcllg ;Cigx\llamr
GTK3 el v Fc?s'r Tr'igger');ignals

v' Identify upstream echinerer

inelastic interactions
v" Identify muon halo MUV+RICH:

~107 muon rejection
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—
v" Hardware frigger @;mwz

v RICH+CHOD+ILKr+ |RICH| [MUV]| [CEDAR ETRAWY | LKR
IMUV3 I T P =1 |t T _
| 1 MHz
10 MHz ” “
L1 J LOTP g
v Software trigger 1 MHz . V
v “single detector” V V V V v .
GigaEth SWITCH |
L1/L2 } L1/L2 L1/L2 ‘| L1/L2 L1/L2 ‘| L1/L2 ‘| L1/L2 J —
PC PC [ PC PC || PC PC PC ..____:
L2: n 3 n n n n ) N
v' Software '|‘r'igger' —— L0 trigger u O(KHz) ‘
v' Correlations T Lmeger '_&_ —
between detectors  —= o -
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Status of the experiment

Dec. 2008 Oct/Now. Oct. 2014
NA62 2012 1= Physics
approved Technical Test Run
Run
today LHC e
LS1 Physics Physics Physics | 152

) wm P )m) ) o) mm)
1 T

Detector Construction

and Installation

* 5 years of construction interleaved with a Technical Run in fall 2012
* In 2014 a first Run with full detector
* Plan 3 years of Physics data taking before LHC Long Shutdown 2 (LS2)

23.08.2013 V.Duk, for the NA62 collaboration



Technical Run 2012

Partial setup: Time distirbutions wrt Cedar/KTAG
LKr‘I Cedar‘/KTAGl [ s | Entrins 127566 ' Entries 115622
CHOD, MUV, - i b ol CHOD:' s T

10000

Constart I G0Be+04 Constant 9084

2omal-
M U v3 r Moan RELL] Mean 3476
.

ot LKT swa_nses ol (| [pema esmn
TR goals: | t 6=360ps . ' o=410ps
v' Tests of readout | ' :
electronics,
detector, | | _
infrastructure SRV S MUy e

Constant 1024 F: o.} Constant 526.3
# »

/ an r'econs-rr'uc-rion 800 Mean -3.32 anal Mean 6.005
i_Siuma 3.442

r . Sigma 04519 t 4
ey | _ 300~ -rt' t‘
[ 1t 6=450ps : ! yG=34ns
00— i e f
&

P00 —

+ .
-
= L d
- ! -
- I :
J L | A
-0 B [7]

\ I "
R o i T e e Y -5 5 W05
Tesnna -To [ME] T Tesnnan [ME]

S000—

4
| * t

4500~ Entries 44564 L * *

F Mean  0.02057 00| B 100~
2000 RMS 001299 I P ) [ }?' Y

C L ' [ '

E i i T L d" N N A \m—-
35001 o 0 - k-n 5 10 5 9 Ia In 3 tI] T

E TuresTfeman (Nl Tuipz~T cenws [NE]
3000
2500

: Resolution (ps)

Cedar/KTAG 150
e LKr 350

K 0.15
me.,, [Geve’]

m2_ = (P — Pro)? CHOD 400 (240 after time corrections)

miss

m?,.. = 0.0198 + 0.0003GeV?/c* MUV3 450
(PDG : 0.0195)
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Beyond the haseline: search for LENV decays

n° tagged from 2 years of data taking:
Km2 decay 1.2 x 10%3 K* decays
2.5 x 10!2 ° decays

Mode | ULat90%CL | Experiment | NA62 acceptance*

Kr—=nue 1.3 x 10-1 BNL 777/865 10%
Kr—=rue 5.2 x10-10 BNL 865
K= rue 5.0 x 10-10 BNL 865 ~10%
Kr—re'e” 6.4 x 10-10 BNL 865 ~5%
K — mutut 1.1 x 102 NA48/2 ~20%
K" — uvee” 2.0 x 108 Geneva Saclay ~2%
K™ — e no data ~10%
= te” 3.8 x10-10

: KTeV ~2%
= et 3.4 x 10-9

* From fast Monte Carlo simulation with flat phase-space distribution. Includes trigger efficiency.

~10-12 for K* decays

NAG62 single-event sensitivities: ~10-1 for 7° decays

23.08.2013 V.Duk, for the NA62 collaboration 17



Beyond the haseline: heavy v

Search for heavy v:

Limits for heavy neutrino mixing

peak in K—uN decay |
NA62-Ry is potentially ]
competitive in this interval:
NA62: ;
v' 18M Kp2 data sample 0 _, -
(2007-2008 run) : - iy ::“-‘-‘-‘-'-‘-MEE :
v UL if no backgrounds:  ee; YT
|UHN|2 <107 1e-09 - BBN i !
v' Sensitivity limited by fe-t0 ——
0 50 100 150 200 250 300 350 400
bC(C kg I"OLlnd . Meutring mass (Mev)
subtraction eak hes (long-lived v,)
o edakKk searcnes {.ong-uive Vh
v" Prospects for high 1. PSI, PLB 105 (1981) 263.
masses 2. KEK, PRL 49 (1982) 1305.

3. LBL, PRD 8 (1973) 1989.

Decay searches (short-lived v,)

4. ISTRA+, PLB 710 (2012) 307.

5. CERN-PS191, PLB 203 (1988) 332
6. BNL-E949, preliminary

23.08.2013 V.Duk, for the NA62 collaboration 18



23.08.2013

v NA62 is a challenging kaon experiment

v" The main goal is fo measure K*—m*vv with 10%
precision

v' Other goals: LFNV searches in K* and ¥ rare
decays

v' Extensive setup tests were performed during
Technical Run 2012

v NA62 will start data taking in the end of 2014

THANK YOU!

V.Duk, for the NA62 collaboration 19
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Spares

V.Duk, for the NA62 collaboration
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Decay evt/vear
Diecay i K*—mvy [SM] (flux 4.5<1012) 45
K' — pte (K2 63.5% K*—sqr+70 5
Kt ata® 20.7% K* oty 1
Kt 2 ntete R.A% Ko <1
K* = nten 1.8% K*—»mntne*v + other 3 tracks decays <1
K'—npte (K 3.3% K*—mn(IB) 1.5
Kt = nletev (KLY 5.1%
Kr—nle(u*)v, others negligible
Total background <10

]

Simple cut and count estimation with no optimization
Background to be evaluated on data to reach the 10% accuracy

23.08.2013 V.Duk, for the NA62 collaboration
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K— vv decay: NP contributions

BR(K,—»7%V) vs BR(K*—m*VV)
5 T T T T T T T T T T T
| E949 10 1, SM4: SM with 4th generatior
= 4 i & (Buras et al. "10)
3 : :
® SM4 : 1" RSc: Custodial Randal-Sundrup
‘1:,. 3 experimental _ ! 1 (Blanke "09)
X uncertainty }i 1
x : LHT: Litflest Higgs with T parity
b ? ; (Blanke "10)
é 1 MFV: Minimal flavor violation (Hurth
et al. '09)!
0
0 1 2 3 4
10 x BR(KT = 7 wi)
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New, light vector gauge boson with weak
couplings to charged SM fermions

Could mediate interactions of dark-matter
constituents

Not pure speculation, could explain e.g.:
- PAMELA ¢* excess
- DAMA/LIBRA, CoGent dark-matter signals
* 3.60 discrepancy in a, = (g—2)/2

Search for U boson in 71° — ¢*¢7y decay:

MC studies indicate acceptable rate and good

efficiency can be obtained with multi-track
trigger with e= PID: Q, + LKR,(10)

Expect to collect ~10% 7° — ¢*¢y decays/year

Mass resolution M, ~ 1 MeV, even before
kinematic fit

Potential for ~100x improvement in BR limit
for 30 < M, < 100 MeV

Forbldden plon and kaon decays In NAS2 - M. Moulson (Frascati) — KAON 2013 — Ann Arbor, Ml — 29 April 2013

23.08.2013 V.Duk, for the NA62 collaboration
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mo decays: m®— invisihle

1/2

m 2 m 2 1 if Dirac type
BH(zﬂ—u-ﬂ=3x1o—Ba—( ") {1 4( “)] k=1, P

M 0 if Majorana type
Direct experimental limit:

Limit from v_mass measurement:
m, <18.2 MeV 95%CL ALEPH (1998)
Implies BR(z? — 1¥) <5 x 10-10
Limits from astrophysics/cosmology:
BR(7* = ) <3 x 1013
m,, ~ 400 keV

Potential Limit BR(x® — invisible) to less than 10-°
~100x better than present limits
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