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The NA62 experiment "Mged

High precision fixed-target Kaon experiment at CERN SPS

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

NA62 Timeline

Dec 2008 - NA62 Approval H

|2009 - 2014: Detector R&D, Installation \

[2015 Commissioning N

2016 - 2018: Physics Runs

2021 - 2023 Next Physics Runs (TBA) }

NA62 primary goal: Measure BR(K+*— n*vv)

New: K+ decay-in-flight technique
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“Motivati — NAG2
S Motivations for K*— xtvwy -9

Box & Penguin (one-loop) diagrams v'High sensitivity to New Physics

s wet 4  YFCNC process forbidden at tree level
v" Highly CKM suppressed (BR ~ |V, ;*V4/?)

v'Extraction of V,; with minimal (few %)
non-parametric uncertainty

1% 1%

Theoretically very clean:
v dominant short-distance contribution
v" hadronic matrix element extracted from precisely measured BR(K* — m%e*v)

Independent determination of unitary triangle for K meson system (with neutral mode)

BR(K* — t*vv)=(8.4 £ 1.0) x 1071
[Buras et al., JHEP 1511 (2015) 033]

error: CKM parametric, dominated by V,

Indirect searches of NP with
high precision studies of rare K decays

(0,0) (L0O)charm Re
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Experimental Status &  VA0Z2{)

NP Sensitivity

BR(K*— 7t"VW)rupory = (0.84 + 0.10) x 10710 Discrimination among NP scenarios

[Buras, Buttazzo,Knegjens, JHEP11(2015)166]

BR K+_) TC+V'\_’ = 1. +1.15 X 10—10
( JExP 73 -1.05 Z’(5 TeV in Constrained MFV)

[E787/E949, Phys.Rev.Lett.101, 191802, 2008]

1u

— '{EK, AMg} @20
* based on 7 candidates LFU violation _ | e st |
» stopped Kaon technique o | | s
: T
I T A R4 MFV
= RALLS LRRAN RLLEN RULAN RARAS RALEA RBAAR RARES RALLE RARLS - -
Sast E787/E949 ; ; <
: C W This analysis ] I % of
D 40 [ E949-PNNI ] L
S %L Em7PNN2 ] i .
o [ & E787-PNNI ] [ 1
35 —: F 00~ 2 s 6 8 10 12 14
. ] i BR(K" — ntww) [1071]
30 [ 7 I
C & E b 0 10 20 30 40
20 . 10" x BR(K* — 77vp)
- . g ] [Isidori et al., Eur. Phys. J. C (2017) 77: 618]
15 | ]
1o B e e K— mvv probes of unique sensitivity for NP models
50 60 70 80 90 100 110 120 130 140 150
Energy (MeV) among B and K decays
(7 candidates E787+E949) (NP searches complementary/alternative to LHC)
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Signal K¥— m+vv:

m?_...=(Py— P, )>

miss

Main kaon decay backgrounds 1~,|ﬁé

FIL§101

Process Branching

1
E Ki—oa*n(})
: L )
ratio 10 % ‘ K on'r'r
(0) -3 i
K*— utv, (v) 63.5% 10° - |
- | \
K*— wrnl(y) 20.7% 104 N
= - J
= \
K+% ﬂ:+n+n_ 5.6% 16 :_ E — Ill
= o Region Il [~~|_
g _ = .
Kewwev,  agxaos |0 |5 LT
< ™~
Slgn & Bkg ContrOI reglons kept 10'7 _1 Ly 1y 0y \, 1 \ 1\, L/"-/-' - -\ AT | BT |\

blind throughout the analysis s 9w 0 0@ ow 0% 008 e (GeViIsh
Background rejection relies on Kinematics (15GeV/c < P_< 35GeV/c; m?, . )

used in conjunction with Particle ID, Veto systems and sub-ns timing
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<NA62 Beam & Detector Had;ﬁ{‘” Q

calorimeter

Large-Angle Muon
i photon Veto (12 stations) o.=70ps detector
o STRAW CHOD
i Beam LAV /\ E}l{
8 tracker e . on
= RICH( ' MUV3
| Target KTAG GTK : S AC
0 1 ——— e aae CHANTI Vacuum— - T
i Cherenkov |
il kaon tagger ;A
] 0,=70ps ~5 MHz K* Decays Dump
[ : Spectrometer RC
2 Anti-counters Lkr Small-angle
straw chambers i A
[NA62 Detector Paper, 2017 JINST 12 P05025] EM calorlmeter pnoton veto
0 EHTER 100 150 g 250

Z [m]
> SPS protons on Be target (PoT): 400 GeV/c, ~102PoT/sec, 3.5 sec/spill
» Un-separated hadron beam: n+(70%)/K*(6%)/p(24%)
» 750MHz beam rate @ GTK (45MHz K+ component)
» K*:75GeV/c (£1%), divergence < 100urad, (60 x 30) mm? transverse size
» 10% of Kt decays in 60 m fiducial volume (FV)
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‘Measurement Strategy . Y4620

ronic
calorimeter
Large-Angle Muon
T photon Veto (12 stations) 0,=70ps detector
2 1 STRAW CHOD
] Beam LAV /\ ll‘l}l,{
i tracker el P o i
= e MUV3
{ Target KTAG GTK ! S AC
0 e aa e CHANTI Vacuum— N
i Cherenkov |
il kaon tagger B
j ,=70ps ~5 MHz K* Decays RC Dump
S Anti-counters ) Small-angle
) straw chambers LKr

[NA62 Detector Paper, 2017 JINST 12 P05025] EM calorlm ot er photon veto

'JJV T T T T T T T T T T —

0 100 150 200 250
Z[m]

Keystones from detector design:

» Timing between sub-detectors ~ O(100ps)

» Kinematic rejection ~O(104) for K*—=n*n?, K*—u*v bkg channels
» Particle ID: muon suppression (from K—ut*v) > 107

» Photon veto: m®—yy suppression (from K+*—=x*n®) > 107
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. " NAG2
Ktantvv Slgnal Selection =

m?_._ =m2_. (GTK, STRAW) = (P, - P,)?
Selection criteria: m, mass hypothesis

> Single track topology 2 | | fiducial Decay Region

> n*identification s I N 10"

> Photon rejection ;E 0'1:_

» Multi-track rejection 0 nl- --------------------------------------------------- 10°
R2 —> i

Performances: Ri = —ganny 18

> g(u*) = 1-1078 (64% n* efficiency) i

> g(n) = 3-10°8 0,05

> o(m?_ ;) = 1107 GeV?2/c4 [ i vk

> o~ 0(100ps) MR R R

P.. [GeV/c]

Signal Region 1 (R1), Signal Region 2 (R2)
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— s . > NAG2 {)
K*axtvv Signal Regions =

Consider different projections of

mlss_ (P -P )2 K*—) P (1("(‘(1\)13 \ « Data Control Sample
10° Minimum bias MC Control Sample
> m2miss (GTK’ STRAW) MC K*—>r*n’(y)
> m2,_. (GTK, RICH)

» m2_. (Beam, STRAW)

miss

dN/(0.00065 GeV3/c?
=

Address non-gaussian tails in the bkg

[—
=
W
IIIII I lIIIIIII I Illlllll | IIIIIII| I IIIIIIII I IIIIIIII I TTTH
o U 3
:"—-_ ]
<

2 ¥y Rl

distributions due to mis-reconstruction 10

: . . 10 y: % ]
Kinematic suppression: h'“T' f H |

1 e
> measured on data 1 PR ”J . qu |' iy ’!!p .' M
> samples selected using calorimeters 101 ) O A 1 114
. . -0.04 -0.02 0 0.02 0 04 0.06 0.08

» Kt—xatn® ~ 11073 (resolution tails) )
» K—ptv~3-10™ M [GEVe]
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R1]

[—]
[—]
R T

Signal Acceptance: 4%

1 | 1 1 - | 1

Single Event Sensitivity

> NAG2 ()

Process

Expected events in R1 + R2

K™ — ntvw (SM)

0.267 £ 0.001 444 &= 0.029 £ 0.0324

Kt — 7t7%(y) IB
K* - ity 1B
K™=t ey,
Kt = ata gt

Upstream background

0.064 % 0.007 41 £ 0.006,¢
0.020 % 0.003414¢ = 0.003 ¢
0.018™ 0037 stat £ 0.0095¢

0002 i 0'001stat j: O.Oozsyst
0.050+00%

llsl L

1 1 | 1 1 1 1 1 1 1
30 35
7t momentum [GeV/c]

20 25

Total background

0.15 £ 0.09¢4¢ £ 0.01 4

Control trigger K*—n*n® used for normalisation: acceptance 10%
Number of kaon decays (Ny) in fiducial volume
¢ Ng=1.21(2) x 10"

Single Event Sensitivity (SES)
* SES =(3.15 £ 0.01g,; + 0.24,) X107°
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- * NAG2
K*anvv Results =

[ ]K* - n*vwwMC
L
« * .:)- —4-data
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K*tanvw Results

> NAG2 ()

0.12
0.1
0.08

pry
VQ
B
>
2
&

e

[ ]K* - n*vwwMC
—4-data

2 0.06
0.04

2
m;,

0.02

0
—-0.02
-0.04
—-0.06

Y

_0.08 | I ] ] | | | | | | ] | 1 1 1 | | | ] ] 1 | | |

15 20 25

One event observed in R2

30 35
¥ momentum [GeV/c]
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- * NAG2
K*anvv Results =

> One event observed in signal region R2

> Full exploitation of the CLs method in progress

» The results are compatible with the Standard Model
BR(KT = 7ntwp) <11 x 10712 @ 90% CL

BR(KT = 7ntwvp) <14 x 1071 @ 95% CL

RICH ring for the event

o o For comparison:

100} / l,”,f" 77777 .

BR(KT — 7Tvp) = 28153 x 107 @ 68% CL
BR(K' = ntvb)gy = (8.4 +£1.0) x 1071

—1505— BR(K+ — 7T+ 1/7) exp — ( 17. 3__'_ iég ) x 10~ 11

_200—_| 1 | L1l [ L1l \ I‘I’[1"["['{'{'}“"]’;‘; 1 | 1111 | L1l | 1
-300 -250 -200 -150 -100 -50 0 50
Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000
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. > NAG2
Conclusions 6]

» SM sensitivity for Kt— n*vv reached with the completion of 2016 data analysis
» The novel NA62 decay-in-flight technique works
» One event observed in 2016 data (expect 0.3 SM in R1+R2)

BR(KT — mTvp) < 14 x 1071° @ 95% CL

L o R ——

:“\.*- | .

Angela Romano, Joint Annual HEPP and APP Conference, 26-03-2018 13



. > NAG2
Conclusions 6]

» SM sensitivity for Kf— n*vv reached with the completion of 2016 data analysis
» The novel NA62 decay-in-flight technique works

> One event observed in 2016 data (expect 0.3 SM in R1+R2)

BR(KT — ntup) <14 x 10712 @ 95% CL

Prospects:

Analysis of data collected in 2017 started
» data sample x20 larger than presented stats

» expect improvements on signal acceptance,
efficiency and S/B ratio

Data taking scheduled for April-November 2018

Expect ~20 SM events before LS2

Data taking after 2018 to be approved
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Zs ¢ (s > Mﬁz

N ot » ¥ :
Conclusions -
a Al

| i~

mpletion of 2016 data analysis

>
Data taking after 2018 to be approved

Ui e

s
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- - > NAG2 [y
NA62 “Luminosity” =

2016 run 2017 run
13 x 10 ppp on target (40% nominal) 20 x 1011 ppp on target (60% nominal)
~1 x 101! K* decays useful for Ttvv > 3 x 102 K* decays collected
x10°
= 5¢ % - Total: T4 1.41E+18, T10 7.06E+17
S 6500 — From Argonion
~4.5¢F = + -
o L § | Fromreconstructed K —»xn*n*n Technical Sto
g 4- So00f- From reconstructed K*—x°%? '1
0355_ - 1127 All Detector Flags o.k.
8§77 2500
€ 3- 2
25+ 2000
2- 1500
1.5;— E Technical Stop
i 1oooE— I’
05 155 A AUg1S Sep1 Sepls Oct1 0115
: , , . . el : W o T 5 o o
0 B PTG ETICE @ WE. PR P AR 'R
260 270 280 290 300 310 0 :
day in 2016 Junt Jun 1S 1Ji?l Ju/III\Iz’;'yoo Aug 1220 e = DZ:YOO' 2017
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Single Event Sensitivity 1040

Results

SES = (315 = O-Olstat 4 0-243y3t) X 10_10

Source SSES (10717
Random Veto +0.17
Acceptance K+ — 7w | 4.0+ 0.1 %:gger efficiency igg;
PNN trigger efficiency 0.87+0.2 Definition of 7+7° region 14010
Random veto 0.76 = 0.04 Momentum spectrum +0.01
Simulation of 7+ interactions +0.09
Extra activity +0.02
GTK Pileup simulation +0.02
Total +0.24
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»y K'—a'a’y) Background
@hevski @ Moriond EWzE

0.1

—e— K* — 7*n%(y) bg (data driven)
0.09 —e— SMK* - 1"V (MC)
0.08-
0.07
0.06 -

0.05—

N events R1+R2

* @

0.04
0.03-
0.02-
0.01- : )

O:JllllllllllII‘JIl‘llllll R S

llJJl 1
16 18 20 22 24 26 28 30 32 34
7t momentum [GeV/c]

@ Data driven background estimation

@ Control region validation: 1 event observed (1.5 expected)

N® = 0.064 + 0.0075¢q; £ 0.006ys¢

> NAG2 ()
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*y K'—u'v,(y) Background
@hevski @ Moriond EWzE

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

—e— K" — pu'v,(y) bg (data driven)
—e— SMK' > wtvw (MC)

N events R1+R2

—®

HH‘IIH‘IHI‘IH][HH'H [|HHIHH‘IHWIIH

*
o+t | ] |

p—

lllllllllllll
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7* momentum [GeV/c]
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ol
[\
&

0

@ Data driven background estimation

@ Control region validation: 2 event observed (1.1 expected)

Nb

() = = 0.020 £ 0.003 ¢4t £ 0.003 55t

> NAG2 ()
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> NAG2
K*— n*wetv, Background 0

= 0.12f . : 10
§ 01 MC simulation Validation | N expected | N observed
3 0.08/ — __Vc_zlidation Sample 1 sample
d 0.06| == . 1 15.5(4) 8
0.04; 2 4.0(4) 2
0.02
ol R1 | 3 3.2(2) 3
~0.02) 10" 4 0.7(1) 1
—0.04- 5 1.2(1) 5
—~0.06/
— L P TR IS T ST T ST Y Y SO AN T S ST T NN N
0.08 15 20 25 30 35

Tt momentum [GeV/c]

® Background estimated with 400 million MC generated K+—m+m-e+v, decays

@ Good agreement across the 5 validation samples

Nfg; , = 0.01810:027 | stat £ 0.009,ys;
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b N < > N162
¥y Upstream background e}

= =2

@levski @ Moriond EWzE

E‘ - @ Accidental particles from the beam line
.E. 600 :— Achromat 14 g Ppions from interactions with beam
™ r spectrometer material
S 400 - 12 . . .
g C _ @ Kaon-pion matching and geometrical
= 200 - CHANTI . ° —10 cuts effective
§§ 0 E Acce? tance\ - 1/ Collimator g B Data driven estimation
" 200 - 6

—400 4

—600 | 2

-800 Covv b b b bvvn b b n Ly 0 bg — +0090

—800 —600 —400-200 0 200 400 600 800 Nupst'r'eam O°O5O—0-030

X, acx(collimator) [mm]
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