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A Hidden/Dark sectors
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Holdom
Galison, Manohar

e Extra (broken) U(1)' symmetry — new massive boson A’

10 °<e<10° M ,<1GeV
« Explanation for muon g-2 anomaly?

« A' decay modes:
* Visible: A' — e*e, u*tu-
 Invisible: A' — xx , current focus of NAG64
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\qv Active target beam dump ¢
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« Dark photon production by kinetic mixing in the ECAL
* 4 + 36 radiation length shashlik Pb + Sc with fibre read-out

 Hermetic HCAL with ~ 30 nuclear interaction length (FeSc Sandwich)

» Veto counter for charged hadron events (Scintillator ~40 mm)
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Active target beam dump col

Events
Events

Dark Photon Signature for 100 GeV electron beam:
» Missing energy in ECAL (ECAL threshold < 50 GeV

* No activity in Veto and HCAL
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\’7\ The NA64 detector
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The NA64 detector
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\?/A w The NA64 detector
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Requirements to the beam:

« Highest possible intensity (~5%10° e/spill of ~4.8 s)
» Lowest possible hadron/muon contamination

« Smallest possible low energy tails
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Requirements to the beam:

* Highest possible intensity (~5x10° e/spill of ~4.8 s)
» Lowest possible hadron/muon contamination

« Smallest possible low energy tails
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A Background suppression

-=- g 50 GeV

arXiVv:1703.05993 :j:i;gfgigv SRD: (BGO crystals or PbSc Sandwich)
e Contamination: ~1% 1T, <0.1% K, p

—— 1 100 GeV
» ~ factor 10* hadron suppression

Frequency [a.u.]
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vi
51
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Requirements to the beam:

« Highest possible intensity (~5%10° e/spill of ~4.8 s)
* Lowest possible hadron/muon contamination

« Smallest possible low energy tails
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Background suppression

Events
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Requirements to the beam:

2000

1750 F [l
1500 [
1250
1000 {

750

ki [ SHL

s T Em

[i] 0.1 0.2 0.3 0.4 05
Eps/BecaL

T1 T2
vi

Efficiency elE,/E. ., }

-
L]

-k

e
o

e
ks

ot
ha

Pre-shower vs. ECAL (4 + 36 Xo)

« Hadrons deposit small fraction
on Pre-shower

~ factor 10 hadron suppression
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« Highest possible intensity (~5%10° e/spill of ~4.8 s)
* Lowest possible hadron/muon contamination

« Smallest possible low energy tails
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Background suppression .
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« Momentum spread ~1%
* Low energy tail ~1%
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Requirements to the beam:

« Highest possible intensity (~5%10° e/spill of ~4.8 s)
» Lowest possible hadron/muon contamination
 Smallest possible low energy tails
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Summer 2016, 2x10° eot.

Sector | : eZ — eZy; y — ud (benchmark channel for background/MC)
Sector Il : ECAL + HCAL = 100 GeV
Sector Ill: pile-up and beam hadrons
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\‘//A Data from July 201
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Maximize signal acceptance and minimize background:

 Particle track with small incoming angle wrt. beam axis
* SRD signal hinting to an electron
» Consistent lateral and longitudinal shower profile in ECAL

e No activity in Veto
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i\ \ Data from July 2016
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What is background, what is signal?:
 Two methods to estimate the background surviving cuts
e First: GEANT4 MC for muon/hadron impurities and dimuon events
« Second: Background estimate based on datain Aand C
(A is mainly pure neutrals from ECAL shower,
C likely from interactions outside the vacuum vessel)
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\/A - Background estimates

Source Expected level Comment

Beam contamination

-7, p, 1 reactions and < 1013-10-12 | Impurity < 1%
punchthroughs,... high precision MM

- e low energy tail due to tracker + e-

bremss., 7, u-decays in flight <101 SR photon tag

Detector

ECAL+HCAL energy resolution, Full upstream

transverse hermeticity, <1013 coverage

holes, dead material, cracks...

Physical

- hadron electroproduction, e.g. <1013

e A->e’A* + n,mp,J/ - HERA ep-data

- n punchthrough, u inefficiency § (H1 Collaboration)

- Wl process: e Z->e™ Zvv <10 Wl o estimated.

Total < 1012
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AV Data from July 20
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No event in Signal region (enlarged by factor 5):
« Observation consistent with expected background

* What are the achieved limits for A" mass and mixing €?
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A

Limits on A’ parameters

Average number of A' from Poisson distribution:

N =n,n,(em  AE,)e,(m, AE,)

« A' yield depends on coupling, mass and missing energy
» Signal selection efficiency slightly depends on mass and Energy

dn
dE

dE,

dN/dE

With signal selection efficiency:

(0.69+0.09)<¢ ,,<(0.55+0.07)
A

And yield predictions from MC >
Ckng o ¢ 2, 10MeV
A 12 ( _5) ( )
10 10 M,

10

M, =500 MoV
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AV Limits on A' paramete
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Excluded almost all muon (g-2) favoured region with 2 weeks data

 NA64 can reach new limits rather quick
» 4 weeks of data taken in Oktober 2016 (3-4x10" eot.)
* Analysis in progress
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\*7\ \ Summary

Active target beam dump concept:

e Can probe large range of A' parameter space
« Can collect data in short time

« Has low background level in signal region
Results from 2016:

« 2x10° eot. in Summer — No A’ signal observed
* Most of muon (g-2) favoured region excluded

e 3-4x10" eot. in Autumn — Analysis in progress
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\/A 2017 outlook
N

2017 beamtime granted for 5 weeks:
* Improved tracking with additional Micromegas and GEMs
« Better e~ identification at higher intensities

* Primary goal to collect 10" eot. for invisible mode (~2-3 weeks)

e If primary goal achieved,
— switch to visible mode for x — e*e™ decay
— with extra WCAL for production and gap for decay
— light Boson could explain e*e~ excess in excited ®Be transition

 Maybe use high intensity muon beam for search of new massive Z'
e WZ—-o>uZZZ — pporvv (leptonic dark photon)
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/K Possible projects for NAG4

N

Process New Physics Sensitivity

1.e/Z->eZ +E,..
+ A"-> ete" Dark Sectors: 103<e<10°
» A’ -> invisible Dark Photons and DM M, ~ sub-GeV
<+ alps (9-2), ,
& milli-g new particles, e’ <10°-107

Charge Quantization

2. W L> 2+ Bpise

& ZH_> vV, T New gauged symmetry a,<101-10°
4+ U->T conversion L,-L, and leptonic forces
LFV o< 10°9-108/ u
3. T (K)p-> M°n + E_....
+ K -> Invisible CP, CPT symmetry Br <10-8-10-%, comple-
+ Kg-> invisible B-S Unitarity, mentary to K->mvv
s g0 _> invisible new particles: 8107
y 11,11 -> NHL. 6, VV Br< 10-8-10

4. pA -> X+ E--

+ leptophobic X ~ GeV DM o<107-10¢8 /p
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Search for dark sectors in missin

Thank You for your attention!
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\/A < Search for dark sectors in missing energy events
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Search for dark sectors in missin

BACKUP
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A Dimuon benchmark
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Rare Dimuon production in em-shower as benchmark channel:
» Used as a cross-check for background estimation

» Used to estimate the signal selection efficiency
« Compare observed number of muons in HCAL to MC
» Over all good agreement
« Showed dependency on beam intensity (ECAL pile-up)
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Preshower trigger
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e + A' events very seldom deposit much energy in preshower

» Electrons and pions can deposit higher amounts of energy

* VVeto on high preshower energies reduces the trigger rate
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\;/l

AV Signal selection efficienc
Geometrical acceptance 0.97

Veto 2 efficiency 0.96

HCAL efficiency 0.94

SRD efficiency 0.97
Trigger efficiency 0.95

BGO (PbSc) pileup 0.92 (0.93)
Trigger deadtime 0.93

Total efficiency ~0.69
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\/AV Tracking and Momentum Reconstruction

Track momentum [GeV] Track momentum [GeV]
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A Visible search
\*

« Tungsten Scintillator electromagnetic calorimeter (WCAL) as target

« A' - ete”, search for two track events

* Proposal and first results: CERN-SPSC-2017-016 ; SPSC-SR-211
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