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ПОИСК ЛЕГКОЙ ТЕМНОЙ 
МАТЕРИИ

Эксперимент NA64 в ЦЕРНе

Н.В. Красников
ИЯИ РАН



В последние 5-7 лет модели с легкой 
темной материей стали привлекать 
большое внимание специалистов.
Один из наиболее часто обсуждаемых 
вариантов – модели с дополнительным 
массивным векторным бозоном.
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NA64

NA64 designed to search for new physics in missing-energy 
events was approved in March’16. A wider program of searches 
with e-, µ, π, Κ, p beams  was proposed at PBC’16. 

3.



4.

e- beam

•dark pseudoscalar(s), vector(A´)  invisible decays
•s, A´ e+e- decays 
•8Be* anomaly: a new light boson?   
•ALP:  a  γγ 
•milli-Q



Search for A´->invisible decays at the CERN SPS    

Main components :
• clean  100 GeV e- beam 
• e- tagging: tracker+SRD
• fully hermetic ECAL+HCAL 

S.Andreas et al., arXiv: 1312.3309
S.G.,  PRD(2014)

5.

Signature: 

 in: 100 GeV e- track
 out: EECAL< E0 shower in ECAL
 no energy in Veto and HCAL

~3x106 e-/spill

2016 run: 0.3x1010(July)+4x1010(Oct) EOT 

No A´signal for 4.3x1010 EOT

~5x106 e-/spill

Signal region 



July’16 run: A´explanation for(g-2)µ is ruled out   6.



7.2016 Results, Projected Sensitivity   

Exact tree-level calculations  of cross sections  σ(eZ->eZA´). 
Large corrections to the WW approximation for mA´> ~100 MeV.

arXiv: 1710.00971

Plans to accumulate ~ 4x1012 EOT after LS2



8.

Projected Sensitivity for Light Thermal Dark Matter 

αD (~ αS) = 0.5, mA´ = 0.3mχ αD (~ αEM) = 0.005, mA´ = 0.3mχ

• Sensitivity of a beam-dump ~ε2
×ε2αD(mχ/mA’)4 =ε2y, NA64~ε2

• Constraints on relic adandance from  freeze out annihilation
• Bounds from LSND, SLAC, MiniBooNE for ~1022, 1019, 1020 POT
• NA64 can cover significant area with ~ a few 1012 EOT



9.
2016 Results and Expected Bounds on  αD

mA´ = 0.3 mχ



10.Sensitivity to p-s, A´->invisible decays, mps,A´ <1MeV  

Pseudoscalar case,  mps,V<1 MeV 

•Calculation of σA´/σS, 

•Full simulation in progress  
Park, PRL(2107) 

NA64(2017) 
Pseudoscalar 

A´

Thanks to J. Jaeckel. 
A´

gps = me/fe
a = εe

NA64++ 



8Be* anomaly: a new  light X boson?
7Li(p,γ)8Be, M X =16.7 MeV 

11.

X cannot be A´due to 
constraints from π0->Xγ decay:

Γ(π0->Xγ)∼ (εuqu-εdqd)2 ~ 0 
if 2εu=-εd -> protophobic X2×10−4 < εe < 1.4×10−3



Search for the X,A´->e+e- and a ->γγ decays
X, σx/σγ~10-10, τx~10-13 s

Oct’16, Nov’17 runs: e-, 100 GeV 

S.Andreas et al., arXiv: 1312.3309
S.G.,  PRD(2014)

X,  

12.

• X’s decay mostly outside WCAL   
• Signature: two separated showers 
from a single e-
• EWC< E0, and E0= EWC+ EEC

•θe+e- too small to be resolved
• background mainly from 

-bremss γ punchthrough 

-beam and secondary hadrons



13.

2016 – test run 
2017 - ~ 5 1010 EOT at 100 GeV. Analysis in progress.   2018+beyond LS2 -
~ 1011 EOT at 150 GeV required

X, A´ e+e-

Expected Bounds on X, A´ e+e

Could be covered 
by using Si pixels 
Under study. 

8Be

NA64



14.

µ beam

• (pseudo)scalar, Zµτ  invisible decays
• (pseudo)scalar, Zµτ  µ+µ- decays 
• µ - τ  conversion 

Zµτ = Lµ- Lτ gauge boson



15.
Searches for  Emiss in muon events     

1.  Search for a new sub-GeV Zµτ, (pseudo)scalars coupled to µ and  τ

2. Search for LFV: µ-τ conversion, complementary to e-τ  at HERA 

A

τµ
µ

ν

h
e.g. LQ

Motivated by gµ-2 and other  anomalies, Dark Matter, LFV, .. 

ν

ν, µ

ν, µ

Signature: Emiss or mµµ

Signature: Emiss

ττ
S,



16.
Search for Zμτ in missing energy events with M2 beam

Main components :
• clean, mono-energ. 160 GeV µ- beam 
• in µ tagging: MM/GEM tracker
• out µ tagging: GEM/Straw tracker    
• 4π fully hermetic  detector 

Signature: 
• in: 160 GeV µ- track  
• out: < 100 GeV µ- track 
• no energy  in the ECAL, Veto, HCAL
• Sensitivity ~ gΖ

2

SG, Krasnikov, Matveev PRD(2015)

SM events

Zµτ events



17.

• Pµ
in momentum measurements.  

Cross-check: available COMPASS data sample vs MC  under study.  

• M2 µ intensity: Iµ~107–108 µ/spill. Trigger rate.

• Background due to π , Κ -> µν decays. 
Hadron contaminantion, expected π/µ ∼ 10−6 or so. 
Beam test at COMPASS in October. Currenly under study. 

• HCAL size optimization : 
- Hermeticity. HCAL transvserse, longitudinal size  
- HCAL length vs Pµ

out accuracy 
• Target size optimization vs Pµ

out precision measurement

Important feedback from PBC EHN2 muon-WG meetings. 

Update on  PBC’16  list of issues 

Thanks to C. Vallee and COMPASS 



18.
Pµ

in: BMS vs SM2 test in COMPASS. Data sample 2016.    

No selections

Downsream counter 4 cm/45 m 
Beam trigger: interections in target

Thanks to 
S. Gerassimov 



19.
Measurements of  π,Κ contamination in the M2 beam

A few  days  run in October’17 
•empty LiH target
•HCAL calibration, π− 160 GeV
•Statistics ~ 5x108 MOT
•Sensitivity (rough)estimate: π/µ ∼ 
6x10-5/(nMOT/106)0.5

µ, 160 GeV
π, 160 GeV

Preliminary results: π,Κ /µ  = (9.7±1.4)x10-5 (6 absorbers)
Background from  π,Κ -> µν decays is expected to be small (prelim.)

π, 160 GeV

µ, 160 GeV

MC

Data Data
9 absorbers

6 absorbers

Fit =  Fµ(E,9) + Fπ(E)



20.
Projected sensitivity: Zµτ , dark leptonic (pseudo)scalars 

~  1012 MOT

1/
fµ a, 

G
eV

-1

(pseudo)scalars  invisibleZµτ invisible 

mps, GeV

BBN

Plans: Proposal to the SPSC in 2018 



21.

Rµτ=σ(µΑ−>τX )/σ(µΑ−>µX) < ~10-12

H1, ZEUS  vs NA64 bounds:  
•S operators:    Λeτ≥ 0.2 TeV; Λµτ ≥ 1.3 TeV
•V operators:    Λeτ≥ 0.3 TeV; Λµτ ≥ 2.4 TeV
•T operators:    Λeτ≥ 0.3 TeV; Λµτ ≥ 2.6 TeV

µ A -> τ X conversion (preliminary) 

tau energy 
Eµ=160 GeV



22.

π, Κ, p beams

•π0,η,η’ invisible
•ΚS, ΚL invisible
•Leptophobic light Dark Matter

in pA->DM+X reactions



Copious and important results from experiments 
performed in 70-80’s at IHEP, Protvino     

Update on charge-exchange cross sections    

Estimate for the yield of π0, η, η´, and possibly for KL, KS.  
Measurements of the yield in situ in 2018 run is under study. 



24.Projected sensitivity for π0, η, η´, KL, KS-> invisible    

Under study: Possibility to search for
KL -> invisible at lower energy  with > 1013 KOT 

not accessible
in KL->π0νν



25.

Beam and process Motivation Required number of POT

1. e- Z

 A´-> invisible
 X(16.7), A´ -> e+e-

 pseudoscalar ->invisible
 a -> γγ
 milli-Q

S,V mediator of  light DM 
production

8Be anomaly,
Leptonic pseudogoldstone, 

ALP decays, miii-Q

~5x1012 EOT

~5x1012 EOT

2. μ- Z  

 Zμτ -> ν, μ+μ-

 pseudoscalar -> invisible
 μ->τ  conversion

(g-2)µ, New  gauged 
symmetry  Lμ-Lτ. Leptonic 

pseudo-goldstone,  
LFV

1012-1013 MOT

3. π(K) p-> M0 n + Emiss

 KL-> invisible  
 KS-> invisible
 π0, η,η-> invisible

NHL, φφ,
Bell-Steinberger Unitarity, 

CP, CPT symmetry 
~5x1012 P(K)OT

4. p A -> X+ Emiss

 leptophobic X  ~ GeV DM ~5x1012 POT

Summary of NA64++ Physics  Prospects beyond LS2



26.      Summary

 

e-, H4 

µ-, M2 

π-, K-, H2-H8,T9 

NA64++ provisional time schedule  

New physics (dark sector, new symmetries, hidden particles, ..) at a scale of 
the visible sector can be effectively probed with the NA64 approach by using 
e, μ, π, K, and p beams at CERN in the medium term future. The physics 
results are expected to be rich. In some cases they might be unexpected.  



27.

BACKUP



The NA64 detector in 2017 
28.



29.
Beam dump vs NA64++   

NA64 approach: 

Sensitivity~ε2

A`

Beam dump:

Sensitivity ~ε2×ε2αD(mχ/mA’)4 =ε2y

      

Search for 
Emiss eventse

A´

χ
e

e-

ε2αD

Shield 

active beam dump + 
missing energy  

ε2
e-

active beam dump + Emiss

ε2

e-
χ
χ



30.

Expected X exclusion area (>1011 EOT)E0= EW+ EECAL signature 

Exclusion area for A´ e+e-

Results from Oct’16 run, ~0.5x1010 EOT. 

AWAKE

Br(X  e+e-)=1

Could be covered 
by using Si pixels 
Under study. 

Neutral events:
•background from punchthrough γ�s
•Search for short-lived ALPs: a->γγ

8Be



31.MC: detector hermeticity    

Choice of the HCAL transverse size is a crucial issue  !    



32.

Source of M0: charge exchange 
reactions:  π-, K-+p -> M0+ n 
M0=π0, η, η´, KL, KS…

π0, η, η´, KS, KL -> invisible decays     

SG, Krasnikov PRD(2015)
SG PRD(2014)

Main components :
• 20-50 GeV π−,Κ- beam 
• MM tracker, ECAL target  
• 4π fully hermetic system:
Veto +ECAL+HCAL 

Signature: 
• in: 20-50 GeV π, Κ-track  
• out: no energy in ECAL, Veto, HCAL
• Complete disappearance of beam 

energy !  

Motivation for KL: 
•complementary to KL->π0νν
•NHL, φ, Bell-Steinberger,…



Status of NA64++

34.   

Outline
• Searches with e, µ, π, Κ, p beams  
• Summary  
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