ELIS L Tt N (o S )L E RS WG RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18 1/30



Axion and ALP searches with NA62 and RADES J

Babette Dobrich (CERN) based on work within the NA62
collaboration and the RADES team

Marseille, 24/08/18
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0 QCD axions
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The axion in popular culture...
(]

meBIG

BANG

THEORY

Sheldon looks for a new field of study... after BICEP 2 announcement
The Relationship Diremption, Aired April 10, 2014
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Why Axions? The strong CP problem!

Tu

@ QCD vacuum CP- violating term:

\1_)7 £® -~ aséGEy Ga Qv
dﬂu P ¢ o QCD topological + EW contribution
d © = O + ArgdetM, M quark mass
+ matrix
~__= d?
T KL/ @ physical observable: e.g. Neutron EDM

(E2B? is CP violating)
o measured: |dy(A)| < 107%6ecm, naively:
e/2my ~ 10~ 1*ecm

CPT should be conserved! * ¢H

angle © < 10719 — naturalness/finetuning problem!!
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Axions in a (too small) nutshell . s o715

e make © = a(x)/f, dynamical — zero
through pOtentIa| Peccei & Quinn, 77

@ realized w global U(1)pq spontaneously
broken at f;, the axion is phase
(Goldstone boson) of this symmetry

Weinberg, Wilczek, 78

classic (static) potential

QCD with
quantum corr
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Axions in a (too small) nutshell . s o715

e make © = a(x)/f, dynamical — zero
through potential peccei & Quinn, 77

e realized w global U(1)pq spontaneously
broken at f;, the axion is phase
(Goldstone boson) of this symmetry

Weinberg, Wilczek, 78
(] Origina”y fa ~ /\EW (see arxiv:1710.03764 for revival)

@ f, > Agw 'invisible axion models’
‘KSVZ' & ‘DFSZ, Kim, Shifman, Vainshtein, Zakharov

WITH & Dine, Fischler, Srednicki, Zhitnitsky

Prilled enzymes

“l named them after a laundry
8 detergent, since they clean up a problem with
" with an axial current.” (Nobel lecture 2004)

A
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Axions in a (too small) nutshell . s o715

make © = a(x)/f, dynamical — zero
through potential peccei & qQuinn, 77

@ realized w global U(1)pq spontaneously
1.x10°7 broken at f;, the axion is phase
(Goldstone boson) of this symmetry

1.x10%=
Weinberg, Wilczek, 78
_ 1.x1079 ..
; \1 o Orlglna”y fa ~ /\EW (see arxiv:1710.03764 for revival)
2 1.x107% i e . . ,
e o f, > Agw 'invisible axion models

© 1.x10™1

‘KSVZ' & ‘DFSZ, Kim, Shifman, Vainshtein, Zakharov

& Dine, Fischler, Srednicki, Zhitnitsky

e m~ 0.6meV/(f,/101°GeV) —
pseudo-Goldstone boson

1.x107%?

1.x107%8

QCD Axion

101910 10° 10 0.01 1 .
mleV] @ couple to photons: Primakoff effect —

basis of most experiments
[good reading: 9506229 Sikivie's Pooltable]
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Axions in a (too small) nutshell . s o715

[Figure taken from Redondo, BD, 1311.5341]

falGeV]
10 10% 102 10" 10" 10° 10® 107 10°

Scenario |
(cosmic strings, DWs..)

Scenario Il (misalignment)

— P —
ADMXI :ADMX—II :

1077 107% 10~ 10™* 1073 1072 10°' 1 10
mgleV]

[plot taken from review: 1801.08127 by Irastorza/Redondo]

b
R
'
'

vonnd ool ol ol o

1076 Ll vl Gl bl vood vod ol ol vl 3l
10° 10® 107 10° 10° 10* 10° 10? 107 1 10
my(eV)

@ Axion ColdDM via ‘misalignment’
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© Axion Searches with Haloscopes
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Dark Matter Axions (Haloscopes)

Dark Matter laboratory @ Axions & ALPs — dark matter
candidate — Haloscope sikivie s3]
resonant technique

f;:avity "~ Wphoton ™~ Maxion

ADMX status cf [1403.5332]

AE/E ~ 1076

Amplifier

-—

b Frequency
Maxion (energy)

Cavity
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Dark Matter Axions (Haloscopes)

Dark Matter laboratory

[plot taken from review: 1801.08127 by Irastorza/Redondo]

10° 10 07 10°¢ 10° 104 109 102 10!

ACTION / IAXO-DM

MADMAX.

ELIS L Tt N (o S )L E RS WO RV W Axion and ALP searches with NA62 and RA

@ Axions & ALPs — dark matter

candidate — Haloscope sikivie s3]
resonant technique

ﬁ:avity "~ Wphoton ™~ Maxion
@ results obtained in Axion Band:
ADMX and HAYSTACK
o @ E. B (only certain modes
OK)
e ® very narrow band (tuning)

Marseille, 24/08/18 7 /30



Interlude: the problem with large axion masses

—— —— @ Axion not overabundant above
107" 107 07 10° 1077 w0 0° 1072 107! 1 masses Of ~ 10_6ev

@ naively: large m — lower
resonance f — lower dimension

[Cunlai™

@ Output power from cavity:
P~ gzﬁB2 V QG

@ Quality factor Q ~ 1/Af —
long scan times

Wt e e w g (A~ % Volume to surface ratio:
gets bad at large Volumes

@ proposed soln’s: larger B
(CAPP), superconducting
cavity, very low Tppise, dielectric
layers (MADMAX)...
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Interlude: the problem with large axion masses

e @ Axion not overabundant above
107" 107 107" 10° 1077 w0 0° 1072 107! 1 masses 0‘F ~ 10_6ev

T

@ naively: large m — lower
resonance f — lower dimension

[Cunlai™

@ Output power from cavity:
P~ gzﬁB2 V QG

@ Quality factor Q ~ 1/Af —
long scan times

wew e e @ Q % Volume to surface ratio:

gets bad at large Volumes

@ proposed soln’s: larger B
(CAPP), superconducting
cavity, very low Tppise, dielectric
layers (MADMAX)...

T
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Interlude: RADES concept explored at CERN  wetcon et af 503, 01263

o RADES at CERN: retain large
volume at high resonance

» i
— frequencies large using
v =Y Y ) T
/ 1 ¥

subcavities m ~ 34pueV

=" Nt

@ sub-cavity sets resonance scale

@ only first resonant mode couples
to the axion

Melcon et al [1803.01243]

Mode 1 / |
/ Mode 2 .
o <— 20 weeks p
Mode 3 Mode 4 KSVZ
< ZU'WeE
A 5

3463 3464 3465

T T

S

spect prototype

T
Ll

C

=

prospect full

b3
8
8

ma(peV)
ELIS VL Tt N (o S )L E TS WG RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18 9 /30



Interlude: RADES concept explored at CERN  wetcon et af 503, 01263

logyg |12

logyg |12

top: room, bottom 2.3K
red: coupling to axion
green/purple: data

grey: analytical fit
34 35 36

0 T T T

8 84 85 86 87 88
v(GHz)
ma(peV)
34 35 36
o T T N T T
-2 |
I
-4 |
82 83 84 85 86 87 88
v(GHz)

ELIS VL Tt N (o S )L E TS WG RV W Axion and ALP searches with NA62 and RA

RADES at CERN: retain large
volume at high resonance
frequencies large using
subcavities m ~ 34pueV

sub-cavity sets resonance scale

only first resonant mode couples
to the axion

5-cavities prototype tested this
winter 2017/2018

currently conceiving larger
number of sub-cavities and
tuning

Marseille, 24/08/18 9 /30



Interlude: RADES concept explored at CERN  wetcon et af 503, 01263

RADES at CERN: retain large

o
/ f ‘3”” volume at high resonance

frequencies large using
M w’ M subcavities m ~ 34peV
. @ sub-cavity sets resonance scale
B B @ only first resonant mode couples
to the axion
@ 5-cavities prototype tested this
winter 2017/2018
@ currently conceiving larger

* number of sub-cavities and
tuning

Analytical model vs Simulations (Preliminary results)

s, ld8]

@ now 3 prototypes exploring
these aspects

82 83 84 55 86 87

Frequencies [GHz]
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© Set-up: NA62
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ALPs at higher masses

want to produce DM
or something ‘mediating’ it

Energy,Mass

NV

Known/ collider *%

short lifetime

/

long lifetime
N

Small Coupling
Precision, Intensity

ELIS L Tt N (o S )L E RS WO RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18
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ALPs at higher masses

want to produce DM

or something ‘mediating’ it @ Some models of Dark Matter
propose MeV mass, very
weakly-coupled particles e

Energy,Mass
Known/ collider t

V4 [1502.06000]

@ production needs sufficiently
high energy & high intensity &
long detection volumes

short lifetime . e e .
o fixed target facility is an obvious

/ choice
Annihilation> DM _A

long lifetime o| X f ~
N 2 DM
SPrpeaclilsiCoonupllr:rt]g nsit AN ! o
! y v Production DM T A

ELIS L Tt N (o S )L E RS WO RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18 11 /30



Important parameters in the fixed-target setup

dump shield decay v. detector

Exotic

SM beam

Beam energy & type (e, p, i), number of beam particles shot on
target, composition of target material

‘shield length’ and length & volume of the decay region

background rejection by shield or detector capabilities

detector types for decay products: charged/neutral Standard Model
Particles or scattering of DM itself

@ timeline of data-taking and cost

ELIS L Tt N (o S )L E RS WG RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18 12 /30



Important parameters in the fixed-target setup

dump shield decay v. detector

Exotic

SM beam

Beam energy & type (e, p, i), number of beam particles shot on
target, composition of target material

‘shield length’ and length & volume of the decay region

background rejection by shield or detector capabilities

detector types for decay products: charged/neutral Standard Model
Particles or scattering of DM itself

timeline of data-taking and cost

An experiment perfect for long-lived exotics searches is taking
data as we speak: NA62
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NA62 and K — 7w : motivation and state of art

History of K'—n*vv Measurement

v 90% CL
'Cnme'rllelmg —e- Measurement

yKlems
+Cabl

3

3

g
Y T T T Ty T

Br(K'—n*vv)

[ind

yAsano
yET87

VET87

E787
€787
SM : Br{K'—n*v) = (8.4+1.0)10"" l E787+£949

Y87 E787+£949
L

10

L L L L
1970 1980 1990 2010 2020
Publication Date

@ ultra-rare FCNC decay, theory prediction:
(K — 7rl/l7) = (8.4 + 1.0) % 10711 Buras et ot sHEP 1511, 33

e experiment at BNL, E949 (2008), stopped Kaons:
BR(K — mvi) = (1731_132) X 1071 phys. Rev. D 79, 092004
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£ [GeV]
10" /107 10" 18" 10 10° 10° 107 10°

NA62 a nd K _> L /““"'Wr ’ [R. Ziegler at Annecy, May 3rd 2018]

107"0LHB/CAST ¢ NAG2 syl

Natural axion DM
window testable at
NAG62 and ADMX-IT!

AXIFLAVON

9ayy| [GeV™]

[note added: and RADES and many others :-)

== Present bound
from E787+E949

4-
\

1 =

— Expected future

(0 105 o7 100 102 0T a0
AN S/ bound from NA62

ma[eV]

@ ultra-rare FCNC decay, theory prediction:
(K — 71'1/17) = (8.4 + 1.0) % 10711 Buras et ot sHEP 1511, 33

e experiment at BNL, E949 (2008), stopped Kaons:
BR(K — mvi) = (1731}%2) X 1071 phys. Rev. D 79, 092004

@ NA62 primary goal: measurement of BR(K — wv) with 10% signal
acceptance (decay in flight) = 103K ™ in fiducial volume

@ BR correlated with flavor observables & sensitive to new physics, e.g.
flavored axion models phys. Rev. D 95, 095000 (2017)
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NAG2 rationale

A Kaon'’s life:
e BR(K — 7T7%) ~0.21
e BR(K — u"v) ~ 0.64
e BR(K —» nfm~7T) ~ 0.06
Detector system
e Kaon: KTAG, GTK, CHANTI
e Pion: STRAW, CHOD, RICH

@ 7 Vetoes: LAV, IRC, SAC, LKr
o MUV system: u & Hadron unseparated 750 MHz beam at GTK3
(6.6 % Kaons at 75 GeV, 1 % bite)

ECAL Spectrometer ECAL

) ; Large Angle Veto N P P T
KTAG Giga [ IRICH ¢[IliMuon
Guard H H H|
BEAM === vacuum 0
Tracke f iy JRICH|offlif veto
N
HCAL
_":(Jm 1‘00m 1‘50m ZbOm 250m
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NA62 rationale Il & requirements

IR1 IR2
o m,. = (Pk — Pr)?
@ 10'2 background rejection! flfw, e
e kinematic O(10%) mf [
o high-efficiency veto: O(108) w

rejection of 70 for w0
E(7°) > 40GeV

@ particle ID y vs m: rejection of o
O(107) for 15 < p,+ < 35GeV

10" 56 ez 0 002 004 006 008 01 ‘[G‘ 2,
. - eVe/c’
@ timing subdetectors O(100ps)
ECAL ECAL
) Large Angle Veto . IsipeICtrometer LKr-IRC-SAC
Glga Guard I R|CH ¢ Muon
BEAM .
Trackertn? | ,é RICH|o[Jif veto
" HCAL
j50m 1’00m 1’50m ZbOm 250m

ELIS Rk Tt N (o )L E RS WG RV W Axion and ALP searches with NA62 and RA Marseille, 24/08/18 15 / 30



1 event in 2016 data (see R.

[k* - nvwMC
-4-data

RN L i cuae

One Event in R2

7 T | R PRI n L

15 20 25 30 35
7" momentum [GeV/c]

Events Observed 1
SES (3.15 + 0.0Lgear + 0.244y5) - 10710
Expected Background 0.15 £ 009,05 £ 0.01,

BR(K* — i) < 11 x 107'° @ 90% CL
BR(K* = ntwi) < 14 x 107'° @ 95% CL

Expected limit:  BR(K* — *wir) <10 x 1071 @ 95% CL
For comparison BR{i" — 7fvw) = 28743 x 107" @ 68% CL

BR(K* — m+ui)gy = (0.84 £ 0.10) x 107 SM prediction

Marchevski, June seminar)

Run 6646, Burst 953, Event 543854, Track 1

B
Eis0 : 000001 Likelihood value
e :’-gggg under different mass
100! . 0.0000 hypothesis
00 - 16.05ns
F 00
50—
0 b
O
-50
] o)
~100,
-150
~200]-

i e
-300 -250 -200 -150 -100 -50 0 r5“0
flom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000

- Processing of 2017 data ongoing
(20-fold present statistics)

- 2018: data taking ongoing —
This topic deserves

its own talk! — stop here :-)

BR(K* — wtwvp) = (1.737142) x 1071° BNL E949/E787 Kaon Decay at Rest
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widening the horizon

S A
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widening the horizon

protons on
target (POT)

< beam collimator (TAX) ‘open’

= KT to detector |

EEL R 1 e W (@ OO NG EEEL WL RV A xion and ALP searches with NA62 and RA Marseille, 24/08/18 17 / 30



widening the horizon

protons on
target (POT)

< beam collimator (TAX) ‘open’

= KT to detector |

main measurement:
BR O(10719): K* — ntui
1) Kaon decay

with exotic: — ma
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widening the horizon

protons on
target (POT)
can produce _ ‘ ,
exotics < beam collimator (TAX) ‘open
= KT to detector |

+ exotic away from beamline
main measurement:

BR O(10719): K* — ntui

1) Kaon decay T ,l.":—;;_,'_,_,_',
with exotic: — 7a e : ﬁ

2) parasitically:

e.g. exotic — [T/~

n.b. ~ half the protons
don’t interact in target

EELE R 1 e W (@ DN EEEL WL RV A xion and ALP searches with NA62 and RA Marseille, 24/08/18 17 / 30



widening the horizon

protons on
target (POT)
can produce
exotics

= exotics to detector |

) with much reduced backgrounds
main measurement:

BR O(10719): K* — ntui
1) Kaon decay

with exotic: — 7a

2) parasitically:

e.g. exotic — [T/~

3) dedicated data-taking
e.g. axion — yvy

=N

e

will be used as example later on

EELE R 1 e W (@ DN EEEL WL RV A xion and ALP searches with NA62 and RA Marseille, 24/08/18 17 / 30



O ALPs
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Heavy ALPs coupled to photons
Iy
ALP= Axion-like particle

— no f — m relation as for QCD axion

Caxion = ESIVI + £DS + Fuvﬁ‘uu

DAMA

Global Sun
Telscopes HB

Logyo g [GeV']

why? pseudoscalar portal DM (1s02.06000]

Logs, mae [V]

o following projections based on Primakov production with in equivalent

photon approximation (photon-from-proton) and 0 background
assumption (see later...)
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Detailed example: understanding ALP contours

102 T
ok /" too early decay ,
\//
107F h 4
- 1.3 16 i
% . X 10 POT(~1day) N le — > — a
% 107°F 3.9x10"7 POT (~1 T = '?
° e A
1% . too late decay 174 b L
107 E
+ POT, Epcam
070 o [BD et al, JHEP 1602, 018, see also Dolan JHEP 1712, 127]
My [GeV]

@ production is not exactly forward (but not relevant for the moment)
o NA62: diax ~ 81m, Liracker ~ 65m, Lealo ~ 135m
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Detailed example: understanding ALP contours

\//
e _»__ a
S
S
Z /A\
D L
10" [BD et al, JHEP 1602, 018, see also Dolan JHEP 1712, 127]

m, [GeV]

@ production is not exactly forward (but not relevant for the moment)

o NA62: diax ~ 81m, Liracker ~ 65m, Lealo ~ 135m

o CHARM: dqump ~ 480m, Liacker ~ 35m but offset 5m from
beam-axis — Aeffective = 0.09 = NpOT effective ~ 2 X 1017

o NuCal: dgump ~ 64m, Ly ~ 23m, Npor ~ 2 x 108 but E = 70GeV

EELE N L e W (@ DN EEEL WL RV A xion and ALP searches with NA62 and RA Marseille, 24/08/18 20 / 30



Detailed example: understanding ALP contours

\//
leos- - a
S
S
Z A
D L
107" [BD et al, JHEP 1602, 018, see also Dolan JHEP 1712, 127]

m, [GeV]

@ production is not exactly forward (but not relevant for the moment)

o NA62: diax ~ 81m, Liracker ~ 65m, Lealo ~ 135m

o CHARM: dqump ~ 480m, Liacker ~ 35m but offset 5m from
beam-axis — Aeffective = 0.09 = NpOT effective ~ 2 X 1017

o NuCal: dgump ~ 64m, Ly ~ 23m, Npor ~ 2 x 108 but E = 70GeV

@ general picture persists for other use-cases — reason for parasitic
triggers: complementary sensitivity also, e.g. for ALPs to [T/~ +
Dark Photons + Heavy Neutral Leptons...
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Thanks for listening :-)

we are in the middle of 2018 NA62 data-taking
@ NAG2 first result for main analysis channel just released
e analysis of O(10%°) POT in dump-mode ongoing for neutral &
charged final states
e analysis of @(10'7) POT in parastic mode on-going for charged final
states

we are taking new data with the RADES cavity from mid-september
@ our aim is to delevop a cavity concept sensitive to QCD axions
> 10peV
@ test cavity performance validated, working on several improvements
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Additional slides/backup
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Supplement: Projections for DM Axions with RADES

From JCAP 05, 040: Melcén,[...], BD et al.

—__ protot 0 weeks)
~_ _ 1

one LHC dipole bore (20 weeks) |

T T
/

10

Uay

KSVZ

—

3462 34.63 3464 3465 34.66 34 35 36 37
my[peV] my[peV]

W
N
W
w

+ QCD Axion relation: g, =2 x 10716 Cay ﬁ—; GeV~!
KSVZ and yellow band: Axion models

> 10"%V [PRD 95, 095009]

~

> note: prospect ‘Axiflavon’ reach for NA62: m,
[m] = = =
EELE N 1 e W@ DN EEEL WL RV Axion and ALP searches with NA62 and RA Marseille, 24/08/18 23 /30
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Charged bkg rejection: 2016 data O(10%°) POT

l Impact parameter of Ptot to beam line (cm) |, | Impact parameter of Ptot to beam line (cm)
:
16— T

145

7=

12

mf_ All two-track vertices

12

£
L

S bt

| 3 i Sl e Y el
© 40 80 120 160 200 240 40 80 120 160 200 240

e

Z of closest approach of Ptot to beam line (m) | Z of closest approach of Ptot to beam line (m) |

@ Track quality (association with CHOD, LKr hits in time) + aCCEPtaNCe (CHOD, LKr, MUV3)

@ Vertex quality: two-track-distance < lcm, vertex-position
105< z <165 m

o further veto (I’hS)Z ELKr,additional < 2 GeV; IRC, SAC, LAV no hits
with &+ 5ns, CHANTI no candidate within =+ 5ns

@ no events in signal region at TAX even with standard K™ beam at
O(10%%) POT, background rejection OK for O(10%%) POT in
standard conditions and O(10%6) in dump
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2+3) Exotic from dumped-beam: prospects

@ Parasitic to mvi: flavored axion, invisible Dark Photons, heavy
Neutrinos, Dark Scalars...

@ Trigger Parasitic to mvi: pum + pp away from beamline: 2017:
O(10'7) POT, sizable statistics O(10'8) POT possible this year

© dump-mode: sizable statistics O(10'8) reserved for future, but some
channels discovery potential with moderate statistics (e.g. ALP
0(10'9))

Current Run Run3 Run4

2 | o | mz | oz | mes | aws | s | wm

ans | aos | o | e | 2

Accelerator schedule
LHC
SPS

NA62: K — nt* vv, LNV/ LFV/LNV @ ultimate
LFYV decays, hidden sector sensitivity, hidden sector
searches in K decays searches (beam dump)

Under study / definition, interaction/synergy with the Physics Beyond Collider CERN initiative
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Fiducial cross-section: importance of being boosted

0008 , fiducial cross-section

doy / dE,d6 g -

. o oo @ requirement: reach the deca.ny

0.10 volume and detect two vy with
000 0.08 certain geometrical constraints
0002 0.06 in Calorimeter

0.04 -
000 @ two examplary parameter points

m =100 MeV 0.02 . - .
doy =3 %10 Gov-! of the fiducial cross-section
000955 107 i
0.005 Ea [GeV]
tor1 6.0 analysis impact
oo0s reer] @ probability to reach decay
000 008 volume ~ ex;[z_(—labsor][,er /14),
ES _ E; 64rn
0002 0.06 lg =BT ~ m m3g?
ocor oot o large (g, m) more boosted,
s 002 possibility to choose appropriate
0004 i it? signal box for such (g, m)
Ea[GeV]
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2016 data: ~ 10''K* useful for analysis

Selected K *decays, before
nt id and y/multi rejection

% [ signal Region 2 Control data mttn” Region
> [ e 10¢ l PNN data
% ot i mtt T Region . [JK* > w'vwMC o
¢ [ \ R T e 4 data LA
Food 10° Control
0_05; ) " Signal Region 2 (R2) Region
. 0 .
| T Region - . -
o i a Dl L) D Region
r nrv Signal Region 1 (R1) g
t Regiol mtnd
0.05— 10
- . Control
C [ Region
[ Control + ;
o L e P ronion u*v Region
) 20 30 40 50 080 0 I T R B R
) v &
signal P [Gevic 15 20 25 30 35
Region 1 " momentum [GeV/c]

@ K™ decay into single charged track, 71 PID, v & multi-track rejection

@ Performances: GTK-KTAG-RICH timing: O(100ps), y/multi-track
rejection: 3 x 1078, overall 71 ID: 64%,
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Single Event Sensitivity and background budget

SES = !

Nk - (Amw - €RV - €trig)

Number of K* Decays
Acceptance KT — 7tvip
PNN trigger efficiency
Random veto

Nk = (1.21+£0.02) x 10'!
Ay = 0.040 = 0.001

€rig = 0.87 £0.02

epy =0.76 £ 0.04

SES
Expected SM K+ — ntvi

(3.15 £ 0.01, = 0.24,.) x 10710
0.267 = 0.001 10 = 002050 & 0.032,,¢

Process

Expected events in R1+R2

K* — mtvw (SM)

0.267 £ 0.0015ta¢ £ 0.0204y5 £ 0.0325¢

Total Background

0.15 £ 009, = 001

K+ — 7t71%(y) IB
K+ — pfv(y) IB
K+ - rtretv
Kt —rtnta

Upstream Background

0.064 + 0.007 10 + 0.006,5¢
0.020 + 0.003410¢ + 0.003,¢
0.01870.037] star £ 0.00955¢

0.002 + 0.001 440 + 0.002,5¢

= (1+0.090
0.050Z¢ 630 stat

o Nk computed from K+ — 779 on control trigger stream

(D = 400), w/o ~ and multiplicity rejection and modified m

2

miss”

e Expected number of events from 2016 data: BRgw theory/SES

@ validation of background expectations in control regions, see e.g.
https://indico.cern.ch/event/714178/ for details
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https://indico.cern.ch/event/714178/

Background modelling by conventional beams group

M.Rosenthal

NA62 beam dump studies

+ Ki2starting from T10 target « Production of muons with high momenta is suppressed
* Main magnets implemented with geometric details
+ Field distributions in gap and iron based on HALO implementation

« Concrete tunnel surrounded by soil

+ Computationally very expensive to generate statistics

+ An analytical description for the scored muon distributions after the
TAX has been developed and is used for extrapolation to high

momenta
| 757 |

@ @ 19.10.2017 M. Rosenthal @ |®,,  Loaionon 1300201 Conventional Beams 14

Sui b 20GeVe

o Geant4 beamline model, aim: potential optimization of beamline for
future longer exotics/dump runs

@ can provide valuable input for data already on tape
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Benchmarking the Muon Halo +

E

secondarles

\
iro
mcu
DUMP KTAG_GTK w3
——— s,
SAC
Rlcn
\

STRAW cHoD

mc Dump

@ impressive benchmark for
single charged tracks;
reduction factor: > O(10°)

@ ongoing benchmarking for coincident
charged tracks (eTe™), suspicion of
double-bremsstrahlung with ‘lost
tracks' as di-y background

zim

Benchmarking continued

Positive Tracks
Databy NA62 , .-

Characteristic
muon distribution
reproduced

Rates at higher
momenta estimated
from extrapolation

Absolute scaling of

data and MC differs

by factor ~5

— under investigation
(comp. expensive)

@ ‘ @ L Gatignon, 13-06-2018 Conventional
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