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Kaon experlments at CERN

Earlier: NA31

1997: €’/e: K +Kq

1998: K, +K,

1999: K +K Ks HI

BNl discovery| (2000: K, only | KsHi

CPV 2001: K +K K HI

% NA48/1{ 2002: K /hyperons

2003: K*/K-

2004: K*/K-

e NA62 2007: Kieleiuz tests

L 2008: K* /K%, | tests

r
2014: pilot run

Kaon decay in flight experiments. NA62-<

2015-: data taking

NA62: currently ~200 participants, ~30 institutions L
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Recent K* experiments

Experiment NA48/2 NA62 (r, phase) NA62
(K*) (K*) (K*)
Data taking period 2003-2004 | 2007-2008 2015-
Beam momentum, GeV/c 60 74 75
RMS momentum bite, GeV/c 2.2 1.4 0.8
Spectrometer thickness, X, 2.8% 2.8% 1.8%
Spectrometer P kick, MeV/c 120 265 270
M(K*—r*r*n~) resolution, MeV/c? 1.7 1.2 0.8
K decays in fiducial volume 2x1011 2x1010 1.2x1013
Main trigger multi-track; | Min.bias + e*| K__ + ..
Kt>ninOn0
N— - ~— 7

The NA62 experiment
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The NA48 detector

<+ Main goal: collection of 100 SM K*—=*vv decays, BR¢,=(9.1£0.7)x10-11,
Buras et al., arXiv:1503.02693

< Current K*>n*vv experimental status: BR = (1.73 7152 )x10-1° from

7 candidates with expected background of 2.6 observed by BNL-E949. 2
PRL101 (2008) 191802

New detector



Un-separated hadron (p/=*/K*) beam:

400GeV SPS protons = 75GeV (£1%) kaons;

800MHz - 45MHz kaons -
5MHz decays in fiducial volume

The NA62 detector

Vacuum Tank

Total length: ~270m
LAV:

Large Angle Photon Veto SAV:
Small Angle Photon Veto

GTK: beam
spectrometer \ Hodoscope
Target l
Ik Iy
oo W "" llll
,KTAG. r—H Vacuum: p<105mbar i . . I
i 44{ g .
(Cherenkov / -L “HHHWI
kaon tagger) Anti- L T | I
<80ps timing counters |||fl|”f IF =y G T
Beam ¢ Y o
pipe Y Straw  <80ps timing
Decay region: L=65m
Tracker

* Kinematic rejection factors (limited by beam pileup and tails of MCS):
5x103 for K*>n*n%, 1.5x104 for K>u*v.

% Hermetic photon veto: ~108 suppression of n%—yy.

% Particle ID (RICH+LKr+MUV): ~107 muon suppression.
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The NA62 detector

Ll
L o e

Physics data taking started in June 2015
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Neutrino Portal:
heavy neutral leptons
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HNL: production searches

Neutrino minimal SM (vVMSM): three  Peak search for K*—>p*N at NA62 R, phase:
heavy sterile RH Majorana vs (N ; ;). + Downscaled trigger: small data sample,

DM candidate: m,~10 keV/c?. ~108 K* decays in fiducial volume.
HNLs (m,~m;~1 GeV/c?) observable < Sensitivity is limited by backgrounds.
(1) via peak search: production in < However sensitive above my =330 MeV/c2.
meson decays; or s NA62: improved SES by factor ~500;
(2) decay search: e.g. N — A low background (hermetic veto, K* tagger);
Asaka et al., PLB 631 (2005) 151 signal region extended into lower m;
10° N A62 RK phase (2007): K*—p°N search possibly a search for K*—e*N.

Slgnal regwn 1 7T+—§>H+N HN!_ pr?duct1'0+n searches
e ................ i mN->--2-7-0--Me--V ................. _ ;10—4_.PS.I.,_.;.1_98_1__.;________._____;._ in K* and " decays
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HNL: decay searches

D — N e ¥ |
/‘S) 0(1075) decays/year oo o W Ty | M f
at target T | | H |
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|U|? HNL exclusion limits | Compatible with the K, programme,
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subject to minor trigger development.

The expected sensitivity is evaluated
assuming zero background.

Backgrounds to be considered:

scattering of halo muons (p*N—K°X),
charge exchange in KTAG/GTK (K*'n—K°p),
accidentals (K* decays, halo muons).

Background reduction: e.g. adding a halo

2 detector in front of decay tank. 7



HNL production & decay: K*—rtutp?

-+ NA48/2 K_ candidates

NA48/2 LNV u*u* candidates

La0sL i U Li08L
§1ﬂ = = World largest sample: §10 =
& 7/ 3120 candidates | @
= "ill D
1']4;_ \ ata i |
10k |
Yoy
10° 2 102 :
10 10
1;— 1
- K s (MC) = K, (MC)
| — | 1 1 | 1 1 | | | L1 | 1 | 1 | 1 1 1 | 1 1 1 |
1004~ 042 044 046 048 0.5 052 054 1904 042 044 046 048 05 053 054
N =59 M(mup), GeV/c? M(mup), GeV/c?
(0 K )i " = B(KT - 7#FuTpt) < 1.1 x 1072 @90% CL
Npig = 92.6+£19.8 NA48/2 collaboration, PLB 697 (2011) 107

% Precision limited by background from n*—p*v, despite SES ~ 3x10-11,

% Re-analysis (3-track vertex) in progress: reduced background, a scan in my and .
Expected sensitivity to BR(K*—>p*N)xBR(N—p*n): ~10-10 for t,<10-%.
Searches for K*—»n*X, X—>p*u~ and K*—p*X, X—>n*u~ can also be performed.

“ NA62: a dedicated pp trigger; displaced vertex analysis possible (T up to 10—7s).8
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Vector Portal:
the dark photon
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DP production in n®—yA’ decay

Batell, Pospelov and Ritz, PRD80 (2009) 095024

3
2
LN,
B(r? = ~vA') =22 |1 — 2A B(m% — v7)
m,
N, 220 BR(n 0—>yA’)/82 VS mA

s Two unknown parameters:
mass (m,,) and mixing (2).
% Sensitivity to DP for m,, < m_,
% Loss of sensitivity to &2
as m,, approaches m_g,
due to kinematical suppression
of the n%—yA’ decay.
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DP decays into SM fermions

Batell, Pospelov and Ritz, PRD79 (2009) 1 15008

107 ¢ ‘ EE— . ;  LOOF====-T |
> : DP decay width into SM fermlons vs my | 050l e _
O : assuming g2=10-4 | S
- =51 . _ +y,—-
(10 020 HH
My .
0.10 1 A’ decay BRs
-6 L - I '
10 | 005t |
: m., 2m, | .
- M | 002F
10 F 'l ;
: m,>2m_,: hadroni 5 : -'
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10—8 | N y . N | . R | B , o
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Accessible in n° decays: assuming decays only into SM fermions,

1 4m? 2m?2
'y ~T(A wete) = gaazmAr\/l — < (1—|— 28) ~ ac’mas /3

mﬁ, LYY

= For ¢2>10-7 and m,,>10 MeV/c?, prompt A’ decay (z vertex resolution ~1 m).

Therefore n%,—e*ey is an irreducible background. 11
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NA48/2: the n°, sample

Two exclusive selections g Kt mind, - K. seloction gm%rx\ K. seleciion”
. 2| selection } —Laa 2 —Laa
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¢ N0 Missing momentum. 1ol :
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2 — 2 .
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NA48/2: search for DP signal

UL on the number of DP candidates

,-E
=
5' 1 05 §_ ..............................
g N, =N
E i obs . exp
[ay] :
E 1 04 E_ ..........................................................................................................................................
€ F UL (N, )at 90% CL
Yﬂ:-} L : :
Ewaz_ lm
= - “il
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DP mass scan: m,. (MeV/c)

e range: 9 MeV/c2<m,, <120 MeV/c?;

x10-6 UL on BR(n%—yA’) at 90% CL

e mass step 0.5c,,, signal window +1.5c,;

e DP mass hypotheses tested: 404.

Local signal significance never exceeds 3c:

no DP signal is observed.
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BR(A’—>e e- ) 1 assumed

20 40 60 80 100 120
m, (MeV/c?)

The obtained limits are
background limited:
2-3 orders of magnitude
above single event sensitivity

13



NA48/2: dark photon in n° decays

DP exclusion summary

g2 KLOE
WASA

10°®

|

107 E1a1 NA48/2

102

10 m,. (MeV/c?)
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PLB746 (2015) 178

Improvement on the existing limits in
the m, range 9-70 MeV/c?.

Most stringent limits are at low m,,
(kinematic suppression is weak).

Sensitivity limited by irreducible =%,
background: upper limit on &% scales as
~(1/Ny)"2, modest improvement with
larger samples (e.g. at NA62).

If DP couples to quarks and decays
mainly to SM fermions, it is ruled out
as the explanation for the anomalous

(8-2),.

Sensitivity to smaller €2 with displaced
vertex analysis is under investigation.
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Prospects for K*—r*A’, A'—-*1-

x10-3 Dark photon emission BR/z—:2 ng“’ NA48/2 expected ULs for BR and €2
. . : -
: 340
& 35 _ComplementarymA ______________________________
s f émtervalé to n° decays -
= r
= L
® 250
% B
a T
i 20
P
100 _ _
A N butnotcompetlt've
: : | | | | | o to eXlStlng llmItS
B II|IIII|III|IIII|III|IIII|IIII.II _Iillll | I I | | I N | 111 1
%50 100 150 200 250 300 350 T 200 250 300 350
m, (MeV/c?) m,. (MeV/c?)

Comparison of (Kf-n*A’, A’—»e*e”, m,>m_g) vs (t'—yA’, A—e*e”, my<m_,):

<+ Lower irreducible background: BR(K*—n*e*e~)~10-7 vs BR(n%;)~ 102,

% Higher acceptance (x4), favourable K/=° flux ratio (x4).

% Therefore the expected BR limits: BR(K*—>n*A’)~10-° vs BR(n%—yA’)~10-6,

< However BR(K*—r*A’)/BR(n°—yA’)~ 104, expected &2 limits are g2~10-°, 15
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Krt—n*A’, A'—invisible

BNL-E949: limits on BR(K*—>=w*X) Vs 1y
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109 & -
E:' Tns E
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The E949 K*—n*vv analysis:

K*—n*X search (where X is invisible)

PRD79 (2009) 092004

BR(n%—invisible)<2.7x10-7 at 90% CL

PRD72 (2005) 091102

E. Goudzovski / CERN, 8 October 2015

1x107°6+
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DP exclusion assuming

BR(A’—invisible) = 1

'
BgBar
e7>y+inv

-
-
-
-
———
-———

—
-
-

excluded
at 95% CL

Davoudiasl, Lee, Marciano
PRD89 (2014) 095006

510 50 100 500 1000
m,, MeV/c?
Non-trivial limits on DP phase space
Including the (g-2), favoured band,

assuming invisible DP decays.

NA62: expect an order of
magnitude improvement
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Summary

% NA62 physics data taking started in 2015.

“* NA62 is capable of improving the current limits on:

v NHL production in K* decays, 0.1 GeV<m<0.4 GeV.

v" Possibly HNL decays, 0.4 GeV<my<1.5 GeV?

v Neutral particles (y—1*l") with m <0.35 GeV and 7, <1077 s.

v' LFV and LNV in K* and = decays.

v" DP production in K* and n® decays (0.01 GeV<m,,<0.35 GeV),
assuming both visible (A’—1*I7) and invisible A’ decays.

¢ Further sensitivity studies (axions, inflatons) are in progress.

** New ideas are very welcome!

17
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Spares
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NA62 & SHiP design parameters

Primary beam for both NA62 and SHiP: 400 GeV/c SPS protons

NA62 SHiP
(running experiment) (proposal)
Years of operation 3 5
POT per SPS spill 3x1012 4x1013
POT total 5x1018 2x1020
Decay volume (m3) 260 m3 1780 m3
Decay volume distance to target 104-183 m 64-124 m
Decay volume pressure (bar) 10-° bar 10-¢ bar
Halo muon rate in spectrometer 6 MHz few kHz
Straw chamber area 0.06m<R<1.05m | R,=5m, R,=10m

19

E. Goudzovski / CERN, 8 October 2015



LFV in K* and n® decays

Mode UL at 90% CL Experiment Reference
KT > 7mnrpre 1.3 x 10~1* BNL E777/E865 PRD 72 (2005) 012005
Kt > rntpuet 5.2 x 10—10
KT s nputet 5.0 x 10719 FBNL E865" PRL 85 (2000) 2877

T 5> m eTet 6.4 x 10—10
K3 - ntputp® 1.1 x 109 @\ NA48/2> PLB 697 (2011) 107
K™ — p~vete™ 2.0 x 10~% Geneva-Saclay ~ PL 62B (1976) 485
Kt s e vputpt no data
) — pTe~ 3.6 x 1019 FNAL KTeV PRL 100 (2008) 131803
) = pmet 3.6 x 10—1Y

* CERN NA48/2 sensitivities for these three modes are similar to those of BNL E865

Expected NA62 single event sensitivities:
~10-12 for K* decays, ~10-"" for n° decays.
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» NA62 is capable of improving on all these decay modes.
» Sensitivity will depend on the trigger selectivity.
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