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Theoretical Motivations

« FCNC loop process

 BR suppressed by hierarchical structure of the CKM matrlx

‘ - om o mom ~ ‘ ----- N I ‘

BR(K+ o 7T+W) k&l + AEM:E ( ¥ (Tt)) I.|. (SRAC(P + 5PN),_|_ mtX) } E Loops favor top contribution

----------------- - - -
A=V,
S Ae = Vi Ve
Hadronic matrix element i Av = ViV

from Ke3 via isospin rotation Charm contributes to theory errors

+ + — -11
35""('( = 'ov) = (9.11+0.72) 10 Very clear SM prediction

Bou(K — mPvu) = (3.00+0.30) 10 / \
[JHEP 1511 (2015) 033] & 4

extraction of V , without hadronic uncertainties and...
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Sensitive probe to New Physics

Deviation from By, - signal of New Physics process

« Simplified Z, Z' models [Buras, Buttazzo,Knegjens, arXiv:1507.08672 (2015)]
- Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, arXiv:1507.06316 (2015)]
« Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]

* MSSM non-MFV [Tanimoto, Yamamoto arXiv:1503.06270, Isidori et al. JHEP 0608 (2006) 064]

Straub:1012.3893

o

TE949 1o

101 x BR(K — 7'vi)

10" x BR(K+ — 7tvp)
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Present experimental knowledge ey

B(K" > n* v V)

Experimental status
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AN RAREELARRE RRRES SM prediction | Experiment

Y UpperLmitatoocL | | (><10_11) j/X;LOi)\

D
& Measurement * o

SM ar¥iv:1503 02603

Kt S atup | 911 + 0.72 %
K° — 7%w | 3.00 + 0.30 <2600

PAST :

Stopped kaon technique

E787 Phys. Rev. D 77, 052003 (2008)
£949 } @ BNL Phys. Rev. D 79, 092004 (2009)
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NA62 in-flight-decay technique - 10% precision
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NA62 at CERN SPS é

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna(JINR), Fairfax, Ferrara, Florence, Frascati,
Glasgow, Liverpool,Louvain-la-Neuve, Mainz, Merced, Moscow (INR), Naples, Perugia, Pisa, Prague,
Protvino (IHEP) , Rome I, Rome Il, San Luis Potosi, SLAC, Sofia, TRIUMF, Turin, Vancouver (UBC)

o '06 Proposal
'09-'12 R&D and construction for Ttuv

' 'v/|'12 technical run

BN Y

'14-'15 commissioning runs

» Nofth Area

'16 run started in May

D Physics runs ('16-'18)

26/07/2016 E. Minucci - MENU2016 6



Analysis strategy S

Measuring the B(K+ - m+vvu) with 10% precision

Ultra rare decay O(10-11)

'

High intensity beam — 10'*decays in two years of data taking
Large signal acceptance -» 10%
> Large background rejection —» 1012

Clear signal signature: K+ track + m+ track

\J
Precise timing - 100-150 ps
Kinematics cut —» low mass tracking
High efficiency photon and muon vetos

26/07/2016 E. Minucci - MENU2016 7



Analysis strategy

%“’EE 0.2% K" n*n®(y)
Large background rejection —» 1012 otk
0.16[—
0.142—
0.12?— - =
of 5| s
0.08F— o 68:’
2 - P \2 = @
M miss (PK PT[) ﬁ o
0.04
o.ozf— N 7 (x10'9
E | | L KprE
0 lCi.()4—I ‘ I-{10?_I I I0I I I{10?_I ‘ I0.04I I I0.06I I I0.08 |0.1 012
m2,. [Gevict)
92% separated
by kinematic cut _J
- Decay BR Rejection Tools ~ Deesy sventiear
+ N + (0) - 1 1
Ki= v 63% b-ID + kinematics K-—mrvv [SM] (flux 4.5x1012) 45
Kt - 1U'm° 21% y-veto + kinemtics Koo—ste0 5
K- ' 6%  multi-tracks +kinematics K*—>prtv 1
\K* - T 2% y-veto + kinemtics _/ K*—mtutne <1
K* - e*mtv 5% e-ID + y-veto Kr—mn'n-e*v + other 3 tracks decays <1
K* - p*mtv 3% p-ID + y-veto K*—mn'ny(IB) j B
Kr—nle*(u*)v, others negligible
Total background <10
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NAG2 experimental setup

High intensity Beam

Photon Vetos
RICH
7 identification
CHANTI o T/l separation LKr
Charged Particles Veto .

EM Calorimeter
| T ]
\ : g : = ‘ N M W
A2 | e IRC
CEDAR 1/ - - el
kaon identification G H || | ‘ ' | s A | .-
kaon momentum ! ; ! l ‘ |

= A MUV
\_ / / Muon Veto
. 2 Y 5 S i CHOD Hadron Calorimeter
Fiducial region 65m S Charged Particles Veto WM separation
\ vacuum 10-° mbar //
£

Total length 270m

Secondary beam from SPS: 750 MHz
75 GeV/c with 6p/p=1%
Composition: j> Beam and detector commissioned
6% K+ up to nominal intensity (2015)
23% p

70% 1t
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NA62 experimental setup SO,

k s
Photon Vetos
— RICH
/ - 7t identification
CHANTI - ———\_ 7l separation LKr
Charged Particles veto H"--\_,E_ EM Calonmeter
— - |
7_7__,.7-'-""' 3 I_ gl
LAVS I S S S ey
l {j"_':"7’-_-—11_?:_7_1_—7— —+—1 | | \ AC
CEDAR 0 *-———f-.l,_,_,__f_i
Kaon identification T | 3 .
=1’y
S / Muon Veto
i i i Hadron calorimeter
Fiducial rfglsont?Sm CHOD 7t/u separation
vacuum 10 mbar i |
\ mbar ‘ Charged Particles veto J

i
Total length 270m

4 GTK N/ STRAW N\

3 station of Si-Pixel detector (60.8x27mm?2)

Low material budget: 0.5 X,
Momentum Resolution ~6p/p= 0.2%

Fast Timing: 0=200 ps (hit time resolution)
From 2015: 0~230-250 ps
132 m 9.6 m . From 2015: 0'~5 ns

Low material budget: <0.5% X (per chamber
Vertical magnetic field: P, =270 MeV/c

Angular resolution < 60 urad
Momentum resolution ~6p/p= 1%

1 All Station 2015
o Undercommissioniny \ /
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NAG2 experimental setup

Particle ID

Photon Vetos

e

CHANTI magnel LKI'
Charged Particles veto I ——__EM Calorlmeter
l. e
7 +— WI‘WH rAC
e = Muon Veto
. . Y / Hadron calorimeter
Fiducial region 65m CHOD 7t/ separation
\ vacuum 10 mbar Charged Particles veto )
- 4
Total length 270m
45 MHz K* \ Vessel: 17m long & © 4 m \

Fast Timing: 0<100 ps
0.1% mis-ID -» from 2015 data

Rimg Image  Correcior
at aphragm

h Mirror

Neon gas @ ~1latm

Mirrors: curvature 34m
Reflectivity > 90%

|

Pion ID efficiency ~80%
Muon mis-ID ~ 1%

\_
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/

\_

@ 15<p <35 GeVic
from 2015 data

/
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NAG2 experimental setup aY

o

Vetoing for photons and muons
_ cuanm """
arge articles veto - i — e
N LAVS __"-__-_‘_), ——TT
I i+ i ¥ 1 | } <
Kaon identification I i
- . ) Y - / H nn alnrmeter
. e 0 ibar Charged Paricles vew |+
f/
Total length 270m /
LAVs: 8.5-50 mrad, €=10+ EY>200 MeV MUV1&MUV2:
LKr: 1-8.5 mrad, €=10~ Ey> 10 GeV hadronic calorimer
IRC&SAC: <1 mrad, €=10" E >5 GeV iron-scintillator plate sandwiches
Target: it° rejection O(108%) i
I MUV3:
3 [ TS R | Efficient fast py-veto , | n
Soma v |
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Sighal topology and Kaon ID séd

2015 Data sample: Low intensity data taken with a minimum bias trigger (this talk)
Samples at half and full intensity taken with a calorimeter trigger

Single Track Selection
Beam Track: matching kaon in KTAG

Matching Kaon — Downstream track _
Beam track: no matching

o f Kf st . Kaon in KTAG
< T NAG2 Preliminary 10°
> [
o .
o 2015 Data =t
T ] < T NAB2 Preliminary
- LT
I S i 2015 Data
0.05— —10° L
- ] i 102
= K*—n*r® ] 20T
o K+—)H+V o i
- N
i 10 C
~0.05- ~0.05|—
L Ili-l.l-lllllllllllllll'l|I||I|lllll-llllllllllllllll| _0 - 1
0b ™70 20 30 40 50 60 70 80 90 100 | b770 20 a0 40 0 6o 70 8 Vil
P.. [GeV/c] i
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Downstream Particle Identification S

GOAL: 0(107) it/ separation, to reject K+ - g+ v

Pure sample of pion and muon selected using kinematics cuts

250

, RIcH M T
® ) EO.QZ
i iy Best n/u separation §08F {/
= e 0.7}
o2 @ 15 < P, < 35 GeV/c : /
- O(102) u suppression 0.5,1
| 80% n+ efficiency in 2015. °'4;f
0'3:{ NAG62 Preliminary
10 -
K* NA62 Preliminary 02:} 2015 Data
2015 Data 0.(3
0362050 0506070 0 a0 | 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
P, [GeV/c] Muon efficiency
CALORIMETERS

104 - 106 p+ suppression for 90% - 40% mnt + efficiency in 2015 using a cut analysis.
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Photon rejection

Technique: EM calorimeters exploiting correlation between ys' from o

GOAL: O(108) rejection o from K+ — 1r+1mM0

P..< 35 GeV/c -» E,, > 40 GeV
Measured on data using K+ — m+m0

selected kinematically

O(10¢ ) o rejection already obtained.

More statistics needed to push the study

at the design sensitivity.

26/07/2016

-

é“ Liquid Kripton Calorimeter (LKr) alone NA62 P -eli m i nat y
o
1 7 2015 Data
= %[ LKr + LAV + Small Angle Veto + LKr {new reco) /
10_2 EE /
10°e L
-y i 7 2N
10-5 %
10-6|| / e T I T T T N T N I
20 25 30 35 40 45 50 55 60
PY™ (GeVic]
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Goal: 0(104) suppression factor of the main kaon decay modes

Single track selection + Kaon ID + vertex cut

1 3
. 0 & 0.005 - «  Data with GigaTracker
- < - ; . o Data without GigaTracker
100 NAB2 Preliminary | K*—n*n® @, = é 7 (- expected P, resolution
L 20 1 5 D t ~20.004 = 201 5 Data ----------- expected 6,. resolution
L E e expected 6, resolution
©0.0035

80— - - I

L — O O

L 0.003- 0 & 0

- E o 0
60— 0.0025 -

- 0.002F
40— K*—nllv =

L Kooy 0.0015 . i . | -

- \ 0.001F— o
20 K* >t O @ =

: L%_/l\\ 00009 - e St R

i | L ! h A [ 0 :' I N I L e \ ! I

—00.1 -0.05 0 0.05 0.1 10 20 40 50
P, [GeV/c]

m2.__[GeV?/c’]
Resolution close to the design

0(103) suppression factor from 2015 data.
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Further opportunities

Decay Physics Present limit (90% C.L.) / Result NA62
w'nte” LFV 1.3 % 1= 0.7 % 10-2
wtp et LFV 525 10720 0.7 x 1012
w utet LNV 5.0 3 1010 0.7 x 1012
n-ete” LNV 6.4 x 10710 2x107**
- utut LNV i I 0.4 x 10~12
u~vetet LNV/LFV 2.0 x 108 4 x 10712
e vutut LNV No data 1012

et i New Particle S U a=0 pTAn

Y New Particle - s
ntmte v AS # AQ 1.2 % 10~8
ntntu-v AS # AQ 3.0 x 10~% 1911

nty Angular Mom. 23 w1 " [
utvy, vy, = vy Heavy neutrino Limits up tom,,, = 350 MeV
Ry LU (2.488 + 0.010) x 10°° >x2 better
atyy yPT < 500 events 10° events
no'nletv yPT 66000 events O(10%)
momutv yPT - O(10%)

26/07/2016
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Commissioning of the detector has been completed

K

Physics sensitivity for K+-m+uvv measurement in line with the design:

* Time resolution close to the design

» Kinematics Resolution close to the design.

Prospects to reach the designed signal - background separation.
* Pion - muon ID Separation with RICH close to expectations.

Study of the separation with calorimeters on going. Results from
simple cut analysis promising.
* Photon veto: 2015 measurement statistically limited

NAG2 started to collect data in April 2016
and will continue in 2017 and 2018
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