NA64 STATUS REPORT 2019

Paolo Crivelli, ETH Zurich, Institute for Particle Physics and Astrophysics on behalf of the NA64 collaboration

SPSC 134, 13.06.2019, CERN (Switzerland) Paolo Crivelli | 13.06.2019 | 1



DARK SECTORS - THE VECTOR PORTAL

Dark

Sector U(1) O

NEW FORCE CARRIED BY MASSIVEVECTOR BOSON: DARK PHOTON
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SEARCHES FOR DARK SECTORS AT ACCELERATORS AV

INVISIBLE DECAY MODE M’y > 2mx
1) BEAM DUMP APPROACH (MiniBooNE, LSND, NA62E)

Flux of X generated by decays of A's!
produced in the!/dump. !
Signal: X scattering in far detector

o X €4OAD
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SEARCHES FOR DARK SECTORS AT ACCELERATORS AV

INVISIBLE DECAY MODE M’y > 2mx
2) NA64/LDMX APPROACH

NA64 missing energy : produced AOs carry away
energy form the active dump used to measure
recoll e- energy

O'OC€2
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EXPLICIT TARGET FOR NA64 (y,m x) DM PARAMETER SPACE AV

recent review https://arxiv.org/pdf/1707.04591.pdf

Thermal and Asymmetric Targets at Accelerators

1077

1078} C -
~ Probed \ Solid lines !

“— predictions from DM !
relic abundance

10°

mx [MeV]

Cross sections DM -> SM annihilation is ~ Y, ! 5
useful variable to compare exp. sentivities y =€e“ap(mx/ma)
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EXPLICIT TARGET FOR NA64 (y,m x) DM PARAMETER SPACE AV

recent review https://arxiv.org/pdf/1707.04591.pdf

Thermal and Asymmetric Targets at Accelerators
1077

-3
10_ Probed \ Solid lines !
“— predictions from DM !

relic abundance

BT T/
mx [MeV] higher mass region could !

o 4 be covered by NA64mu, see
y = e“ap(mx/ma) arxiv:1903.07899
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http://arxiv.org/abs/arXiv:1903.07899

The NA64 method to search for AO !

TAGGED 100 GeV

Active Dump ‘

e
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ELECTROMAGNETIC !
CALORIMETER (ECAL)
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The NA64 method to search forAO! $$% e

Requested ECAL ENERGY <50 GeV
TAGGED 100 GeV
e
OBREMSSTRAHLUNGO OF AO

N

ELECTROMAGNETIC !
CALORIMETER (ECAL)

Active Dump ‘
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The NA64 method to search for A

HADRONIC CALORIMETER (HCAL)

STANDARD MODEL

EecaL+Encal = 100 GeV

~

AO! MISSING ENERGY

ECAL < 50 GeV
HCAL < 2 GeV

ELECTROMAGNETIC !
CALORIMETER (ECAL)

9

| 13.06.2019

Paolo Crivelli




The Electromagnetic Calorimeter (ECAL)

‘Active target ‘

Vacuum vessel

Magnet2

Magnetl
T2

e~ , 100 GeVv

I High hermeticity (! 40 Xo)

I PbSc sandwich, 6x6 matrix, cells 38x38x490 mm3
I WLS fibers in spiral" suppress energy leaks
|
|

Energy resolution ~ 9%/#(E[GeV])
100 GeV electrons Longitudinal (Pre-shower) and lateral segmentation

(tagged with S 1.23) " shower profiles (hadron rejection) a0 Crveli | 13062010 | 10




The Hadronic Calorimeter (HCAL) hy

‘High hermeticity ‘

Events

Vacuum vessel

Magnet2

Magnetl

s1V =)

.

e~ , 100 GeVv T

I High hermeticity : 4 HCAL (! 7 " /module)

| FeSc sandwich 3x3 matrix, cells 19.4x19.2x150 cm3
I WLS fibers in spiral" suppress energy leaks
I Energy resolution ~ 60%/#(E[GeV])
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The magnetic spectrometer

D. Banerjee, P. Crivelli, A. Rubbia, Advances in HEP, 105730 (2015)

Reconstruction of e !
Incoming momentum

Vacuum vessel

Magnet2

T3 T4

Tracking system: !
XY multiplexed
resistive micromegas,!
GEM and straw.

|Two bending magnets in series " 7 T.m field

D. Banerjee et al., NIMA881 (2018) 72-81
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The NA64 search for AQ !
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4 x 1010 electrons
on target

= >

1072 ¢

—_
]
de

e

NA64

COUPLING #

B "= ' l-'-

‘No event in signal box ‘
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" exclusion of most of g-2 muon favored region

‘ MASS OF THE DARK PHOTON

g-2 closed completely by BABAR results

NAG64 collaboration, Phys. Rev. Lett. 118, 011802 (2017)
and Phys. Rev. D 97, 072002 (2018)
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Improvement of setup for 2018 run
HCALO: Rejection of events

with hard neutral from
upstream e- interactions

GEM, GEM,  VETO

HCAL 1-3

ST1,2: New straw-tube trackers: VETO against hadron
electro-production in the beam material upstream the ECAL.
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Full statistics (2016-2018) and selection criteria

Ngor =4.3110*° @" (1.5-5) ! 10 ° e-/spill (2016)."

Neor =5.4" 10" @" (51!6)" 10 ° e-/spill (2017). #
Neor=1.87" 10" @" (81 9) " 10 ° e-/spill (2018).
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S

() e- momentum 100£3
GeV and a small angle

to reject upstream e
interactions.

(i) Esrp detector

compatible with e' s and
in time with trigger.

(i) Lateral and longitudinal
shape of the shower in
the ECAL consistent
signal

(iv) No multiple hits activity
in the Straw,
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Full statistics (2016-2018) and selection criteria

Neor =4.3" 10 @" (1.5-5) " 10 ° e-/spill (2016).#

Neor =5.4" 10" @" (516)" 10 °e-/spill (2017).
Neor=1.87 110 " @" (8 #9) ! 10 ° e-/spill (2018).
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to reject upstream e
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(i) Esrp detector

compatible with e' s and
in time with trigger.

(i) Lateral and longitudinal
shape of the shower in
the ECAL consistent
signal

(iv) No multiple hits activity
in the Straw,
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NEW combined results (2016-2018)

COUPLING #
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TOT: 2.84 x 1011 electrons on target

Signal efbciency: ! 50% slightly mass
dependent.

No background observed.

NAG64 collaboration, arXiv 1906.00176 , CERN-EP-2019-116
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https://arxiv.org/abs/1906.00176

NEW constraints on sub-GeV DM parameter space (2016-2018)

First time NA64
constraints on light

* thermal DM exceeding

sensitivity of beam

dump exp.
(suppressed by ' 2(p)
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https://arxiv.org/abs/1906.00176
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Background estimation

Background source

Background numbeny

Main contributions
estimated from data:
extrapolation from
sidebands A and C

punchthrough " Os, cracks, holes < 0.01
loss of dimuons M24+ 0.007
UW# ei#, !, K # e#, Kg decays 02+ 0.01
e interactions in the beam line M3+ 0.16

, 1, K interactions in the target 0044+ 0.014
accidental SR tag andy, ! , K decays < 0.01
Total ny 0.53+ 0.17

A. pure neutral hadronic #
secondaries produced by #
electrons in the ECAL target

C: hadronic interactions in #
SRD region accompanied #
by large transverse #
[Ructuations of hadronic #
secondaries.
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Current bounds on thermal relic DM & projected NA64 sensitivity
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Setup upgrade/
optimisation required
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NAG64 upgrade -ongoing

# New DAQ: reduce losses due to dead time and pileup, #

Increase number of channels

194 mm B-B
. Hioae
S 0 : ><é>< 4
( L |
vel :

# New VETO HCAL in SRD region: #

hadronic secondaries rejection #

# Additional trackers: improve efficiency/reduce material budget
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2) The NA64 search for X/IAO !l e +e-

/
VISIBLE DECAY MODE "4 < 2'ran

Pair production of!
SM particles




8Be anomaly and X boson

10
o %; m=16.6 MeV
S m=17.6 MeV
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Opening Angle [Deg]

ATOMKI PAIR
SPECTROMETER

m=16.6 MeV

nnnnnnnnnnnn

Invariant Mass, mee [MeV]

Could be explained by new !
OprotophobicO gauge boson.
with mass around 17 MeV

J. L. Feng et al. Phys. Rev. D95, 035017 (2017)
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The NA64 search for X!l e *e- - experimental setup

Addition of |
W calorimeter

'$

$
I TUHE%%HE!

Zooming in (next slide)
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The NA64 search for X! e *e- - experimental sighature

WCAL: 30-40 X o
Sandwich W-Sc

>

Signature: !

1) EwcaL+EecaL = 100 GeV

2) No activity inV 23and !
HCAL !

3) Signal in S3, S4

4) e-m shower in ECAL
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The NA64 search for X! e +e- - results (2017)

‘Beam energy 100 GeV ‘
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NAG64 collaboration, PRL 120, 231802 (2018), editor suggestion
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The NA64 search for X!l e *e- - optimised for very short lived X

|Beam energy: 100 GeV (2017) ! 150 GeV |

ECAL HCALO-3

vacuum pipe

N
Vacuum pipe w, VETO

Setup optimization:
shorter WCAL, thinner veto (W2) after WCAL, vacuum pipe installed,
additional trackers and increased WCAL- ECAL distance.
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The NA64 search for Xle +e- - preliminary results (2018)
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The NA64 search for AO/X ! e+e- - projected sensitivity after LS2 by

Needs optimisation of the setup

/ to probe ') 10-3:!

combination of calorimetric and
tracker approach (under study).
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The NA64 physics prospects

Process New Physics

€ pegem |

A" ee,and Dark photon

A"" invisible
Al sub-GeV Dark Matter (")
X" gt new gaugex - boson

milliQ particles Dark Sector, charge quantisation

a" $9,invisible Axion-like particles
o %% gaugeZ,-boson ofL, # Ly, < 2m,

Z
VAT Ly # Ly charged Dark Matter (")
milliQ Dark Sector, charge quantisation
a, " invisible non-universal ALP coupling

U # & conversion

Lepton Flavour Violation

Current limits, PDG02018

ST Invisible BT invisible ) < 2./1 10
) " invisible Br() " invisible) < 1.0! 10 4
)" " invisible Br()'" invisible) < 5! 10 *
K2 " invisible no limits
K2 " invisible no limits

NAG64 program: submitted as input to the European
Strategy Group in the context of the PBC

CERN-PBC-REPORT-2018-007

Physics

- *Beyond
“Colliders

CERN Council Open Symposium on the Update of
European Strategy for Particle Physics

13-16 May 2019 - Granada, Spain
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Summary and Outlook

# NAG64: Active beam dump + missing-energy approach is very powerful probe for Dark"
Sector physics.

# EXxperiment exceeded sensitivity of previous beam dump exps. to thermal light "
dark matter.

# To fully exploit NA64 potential probing most of the remaining parameter space"
predicted by the DM relic density accumulate 5x10 12 EOT for AQ" $¥After LS2

# Exploration of the remaining parameter space X" ete-

# New permanent location being prepared with active participation of NA64.

# Proposed searches in NA64 with leptonic and hadronic beams: unique sensitivities "

highly competitive to similar projects.
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