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e SM portals to Dark sectors at sub-GeV scale
e Search for visible and invisible decays
of dark photons

- setup

- background

- expected sensitivity
e Status and goals
e Summary
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The great LHC discovery -

Higgs boson discovery in 2012.

Standard Model is complete.

But it is not the end of the history...
1. Dark matter

2. Muon (g-2) magnetic moment
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Dark
Energy

What makes up most of the
Universe's mass?

Atoms

4.9%
Dark
Matter
26.8%

Neutrinos
10%

Dark
Matter
63%

Photons
15%

13.7 BILLION YEARS AGO ¥ ——— : R (x 1000 1y)

Sinbewan PO 0R o) rotatlonal speed of spiral galaxies

gravitational lensing

The question is still open: no SM explanation of
the Origin of Dark Sector of the Universe
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R.parity NMSS™M
MSSM viclazing

Extra Dimensions

Warped Extra

Little Higgs
QCD Axions

Axion-like Particles

arXiv:1310.8642 Snowmass-2013
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Another hint in favour of the SM extension is
(g-2) muon anomalous magnetic moment.

The E821 experiment at BNL :
(g-2),,. - (g-2)\, = (287 + 80)-10"

A lot of explanations:
1. Supersymmetry
2. New massive vector boson
3. ...
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New vector massive boson interacting with
muon explains (g-2) muon magnetic moment

S.Gninenko, N.Krasnikov (2001)
E.Ma, D.P.Roy, S.Roy (2002)
J.Heeck, W.Rodejohann (2011)

O(X = 0(1 0-8 - 10-6)

New vector boson — Dark force
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e LHC Phase I: no DM candidates so far.
Expectations for further searches at Phase Il.

 Can one expect a hint from high intensity and precision
experiments at low energy, e.g. at sub-GeV scale?

* Models: dark sectors of SU(3). x SU(2), x U(1)ysinglet
fields, coupled to SM by gravity, and possibly by other
very weak forces. E.g. old idea: Mirror Matter Model.

* Search for dark forces, other than Gravity that connect
our Universe to the Dark Sector, is an additional way to
detect DM.
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Generic low-energy forces of any Dark Sector
- Neutrino Portal AL = ¢,(hL)yp  sterile neutrinos?

- Higgs Portal AL =¢,(h)2$? exotic Higgs decays?

@or portal AlL=¢ F“VAD Okun’85, Holdom’86

Only light vector portal is really accessible at low energy,
g, and g, couplings are very small
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- extra U'(1), new gauge boson A’ (dark or hidden photon,..)

« AL = e FWYA' |, - Kinetic mixing

« y-A' mixing, € - strength of coupling to SM

A’ could be light: e.g. M,. ~ €2 M,

* new phenomena: y-A'oscillations, LSW effect, A’ decays,..

- A'decay modes: e*e-, u*u-, hadrons,.. or A'-> DM particles,
I.e. A'-> invisible decays

Extensive literature, more than 100 papers over the past few
years, many new theoretical and experimental results

H.B.KpacHukoB (MU PAH) MapkoBckue yteHusa 14 masa 2014 10/33



RARE DECAYS, NEW U(1) BOSUNS AND THE FIFTH FURCE

T.M.ALIEV, M.I.DOEROLIUBOV, A.Yu,IGNATIEV, V.A MATVEEV
tES‘S Institute for Nuclear Research of the Academy of

OF FUNDAMENTAL ::;;::ezozio:heuuz.ﬁ;,RGOth Uctober Anniversary pr,,7a,
LAWS IN PHYSICS ) '

sdnd by © Fabhbar oo L. Trs Thash Yo

ABSTRACT

We present a brief review of a number of works discover—
ing new perspectives of locking for new light particles in
/ rare meson decays, Amongothem are the production of light
photinos in the decay M -—» "nothing" and production of new
Attt Ug'l) gauge bosons in the decays ¥ -§ + "nothing" and
. K" —» x + "nothing". We also discuss the problem of kaon de-
—— cay constraints on the carrier of the fifth force,.

January 21-28, 1989
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Jaeckel, Redondo, Ringwald, ..
+ M. Betz et al., First results of the CERN Resonant WISP search (CROWS) arXiv:1310.8098
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THE TERRITORY :

(A’ Electron/Muon Decays) 4
A' - Standard Model 2
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y CERN-SPSC-2013-034 / SPSC-P-348

Proposal for an Experiment
to Search for Light Dark Matter at the SPS

S. Andreas®?, S.V. Donskov¢ , P. Crivelli?, A. Gardikiotis®, S.N. Gninenko/’,

N.A. Golubev/, F.F. Guber/, A.P. lvashkin/, M.M. Kirsanov/, N.V. Krasnikov/,
V.A. Matveev/9, Yu.V. Mikhailov®, Yu.V. Musienko®, V.A. Polyakov®, A. Ringwald?,
A. Rubbia?, V.D. Samoylenko®, Y.K. Semertzidis", K. Zioutas®

¢ Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg, Notkestrasse 85, Germany

b Institut d’Astrophysique de Paris IAP, 75014 Paris, France

¢ State Research Center of the Russian Federation, Institute for High Energy Physics,
142281 Protvino, Russia

¢ETH Zurich, Institute for Particle Physics, CH-8093 Zurich, Switzerland

¢ Physics Department, University of Patras, Patras, Greece

I Institute for Nuclear Research, Moscow 117912, Russia

9 Joint Institute for Nuclear Research, 141980 Dubna, Russia

h Center for Azion and Precision Physics, IBS, Physics Dept., KAIST, Daejeon, Republic
of Korea

December 6, 2013 arXiv: 1312.3309
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-eZ->eZ A'cross section o, ~ €2 (m./My)%0, ; Bjorken’09, Andreas’12
- decay rate I'(A’-> e*e’) ~ ae?M,./3 is dominant for M,< 2 m,,
- sensitivity ~ €4 for long-lived A’, typical for beam dump searches

For 10°< €< 103, M, < ~100 MeV

* very short-lived A': 1014 < 1,,< 10105

- very rare events: o,/0, < 10713-10°

« A’ energy boost to displace decay vertex,
€~104, M, ~50MeV,E,. ~100GeV, L;~1m

« background suppression
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Veto 2

S2
$1

Decay Yolume

ScF-Pb HCAL

ScF-W ECAL2

e-,10-300 GeV

ScF-W ECAL1

- H4-H8 beamline

- Magnetic spectrometer
(not shown)

- ECAL1,2

- V1,2 veto counters

- Decay volume (vacuum)

« HCAL

- $1,S2 fiber-tracker
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/pot/£2%Ap/p within £0.1mm+12(0.6)mrad
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A A A A

proton]
T+

A ) A dld
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p(GeV/e)
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300 350

- H4, 1.~ 50 GeV e-

1072 pot per SPS spill
~ 5x10° e per spill
duty cycle is 0.25
~10'2e" / month
additional tunning
by a factor 2-3?
beam spot ~ cm?
beam purity <1 %
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Energy, GeV

H.B.KpacHukoB (U141 PAH)

S1

ScF-W ECAL1

A's decay mostly outside ECAL1
Signature: two separated em
showers from a single e

S2

eto 2

TN

r
// 7
ol \
) \
\ \
\ \
\
\
\

\
ScF-Pb HCAL

\
\
\

ScF-W ECAL2

sensitivity ~ &2

S= ECAL1XxS1xS2x ECAL2 xV1xV2xHCAL
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O.... too small to be resolved

18/33



SiPM

0 ECAL1 “bubble chamber”

>
{\/ Wavelength Shifting

Fibers W-Sc sandwich + fiber readout

- compact, hermetic, dense, fast

- rad. hard, side SiPM readout

- lateral and longitudinal segmentation
- elementary cell V ~ R, x few X,

3.0 mm Scintillator

3.5 mm Tungsten - good energy, space resolution

WLs-fiber  * €/ T rejection < 103

SiPM

e

e
o
>

Geant4

Resolution AE/E
o o o (=]
5 © @& ©° =
- D © - N

4
o
o

0

Il 1 1 Il Il 1 1
0 20 40 60 80 100 120 140
Energy, GeV
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Source

Expected level

Comment

Beam contamination

-7, 1 reactions, e.g.
7t A-> 1 o0n+X, ...

- accidentals: 7 7, u u, ...
decays, e-n pairs, ...

< 10-12

< 10-13

Impurity < 1%
Leading n cross
sect. ISR data

Detector

- e,y punchthrough,
- ECAL thickness,
dead zones, leaks

<1013

Full upstream
coverage

Physical

hadron electroproduction:
- eA->neA*, n -> ECAL2,
-eA-> e+ +X, T->ev

< 10-13

Total

< 10-12
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Remember
Z—>invisible
in the SM! -

S1

Veto 2

Decay Volume

ScF-Pb HCAL

ScF-W ECAL2

e 30-100 GeV

sensitivity ~ €2

e-,10-300 GeV
ScF-W ECALA1

* Sighature: single em shower in ECAL1 + no activity in the rest of detector
S = ECAL1XV1xS1xS2x ECAL2x V2xHCAL

E,<<E,and E,ZE,+E, = E,

* Detector hermeticity is a crucial item
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SPS e spectrum
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Figure 9.1 The continuous electron distribution from the 8 decay of 2'°g 0 20 40 60 80 100 120 140

called RaE in the literature). Energy, GeV

W.Pauli, 1931
? = invisible v
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Single module of the hadronic calorimeter (F.Guber et al. INR):

Pb-Sc sandwich + fiber readout

20x20 cm2x (16mm Pb + 4mm Sc) x 60 layers
hermetic at ~ 6A

uniform, no cracks, holes

good energy resolution

Full HCAL : 2x2x3 modules, ~ 7 tons

Prototype

>
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Pions, 100 GeV

Neutrons, 100 GeV

1) F 1]
e r e
S Nozero energy! 3
T - ’/\\ o
10 3L PIONS, 100 GeV 10 31 NEUTRONS, 100 GeV
F HCALI, 20x20x120 cm’ F HCALI, 20x20x120 cm®
L - HCAL2, 20x20x240 cm® — HCAL2,20x20x240 cm®
i ~ HCAL3, 20x20x360 cm® _ HCAL3, 20x20x360 cm®
) {
107
f *b \
i w i
i S !
10 L ° 10 H
i ,1 102} 00 “
: . i im i HCALZ, 20x20x240 em® : :1 )
1 F tH gE; HM j LT 1 "J["i
i B“E:E.‘ N1 B B 0 EoL b, 6 L | il

C e L L L 1 | I P L
0 0.5 1 15 2 25 3 i 0 0.5 1 15 2 25 3

Energy deposition, GeV Energy deposition, GeV

1+

| L L L T | I
0 005 0.1 045 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Energy deposition, GeV

Expected HCAL energy threshold ~ 20-50 MeV
determined by noise and pileup
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Source Expected level Comment
Beam contamination
-7, p, 1 reactions and <1013-1012 Impurity < 1%
punchthroughes,..
- e- low energy tail due to bremss., ? SR photon tag
7, udecays in flight,..
Detector
ECAL+HCAL energy resolution, Full upstream
hermeticity: holes, dead materials, <1013 coverage
cracks...
Physical
- hadron electroproduction, e.g. eA- <1013 ~10 mb x nonherm.
>neA*, n punchthrough; WI o estimated.
- Wl process: eZ->eZv v <1013 textbook process, first
observation?
Total <1012 +7?
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Vacuum beam pipe

N
Y
T

TP B Lanes ¢ b5 . ]

0 20 40\ 60 80 100 120 140
Fake ECAL1 Signal Energy, GeV

ECALA1

-~ 10 ~

= 0 . e- tag enhancement with SRy
0% - B field ~ 0.1- 1T
1051 | * (hw),© ~ E2 B, n,/m~ 6 B(T)
oA * cut E, > 0.1 (hw),<~100 keV
P00 20 4 e 8 100 120 140 * LYSO crystal, good resolution

Energy, GeV for >~ 50 kev Y

Hypothetical e- beam energy distribution e suitable for vacuum
(not simulated)
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With one day of running the (g-2), favored region is completely covered!
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Feedback from SPSC on P348

Matthew Wing [m.wing@ucl.ac.uk]
Sent:10 April 2014 09:13

To: Sergei Gninenko

Cc: Gavin Salam; Lau Gatignon

Dear Sergei,

Thank you for your documents and answers to our questions about P348, to search for light dark
matter using the SPS. The feedback from the committee is below.

Cheers,
Gavin, Lau and Matthew.

The SPSC received with interest the answers to the referees’ questions on the document, P348,
describing the search for light dark matter using the SPS.

The Committee recommends that the collaboration place more focus on the invisible channel, the
more competitive of the two channels.

The SPSC recommends a test run of two weeks at the SPS for the measurement of backgrounds, a
study of the performance of the apparatus and an initial search for light dark matter.

The Committee also recommends that the results of the test run, as well as detailed simulation
studies should serve as input for a technical design report to be submitted to the SPSC.

Matthew Wing

University College London
Currently at:

DESY

Notkestrasse 85

22607 Hamburg

Germany

Tel.: + 49 40 8998 3281

e-mail: m.wing@ucl.ac.uk
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Detector installation and commissioning: upgrade ECAL at
CERN, new HCAL modules, magnetic spectrometer (ETH, CERN)

Tests of the ECAL/HCAL performance with e, 11, 1 beams
First tests of background with 1, 1 beams

Search for A’-> invisible, n, ~ 10'° e- or more, first limit
Full coverage of the (g-2), favored region for A’-> invisible
Preliminary search for A'-> e*e’, n, ~107° e or more

Preparation of Technical Designh Report requested by SPSC
for the full-scale searches 2015->
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DR presentation to the SPSC CERN
- Design and construction of the compact ECAL

- Design and construction synchrotron photon detector

- Full new detector installation and commissioning

- Tests of the ECAL/HCAL performance with e, 11, 1 beams

- Measurements of background with 11, u beams

- Search for A'— e*e, n, ~10'%2 e- or more (6 months)

- Search for A'— invisible, n, ~1012 e- or more (>6 months)

- Theoretical developments for new rare processes

+ Full detector construction: 2014 - 2016
+ Total detector cost : 13.8 MIn. Rub. / 3 years
+ Needs in 2014: 3.8 Min. Rub.
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* MoAeAU HOBbIX B3aUMOAENCTBUA MeXAY OObI4YHbIM Bel,eCTBOM U TEMHOM
MaTepuen NpUuBAeKaTeAbHbl Kak C TeopeTuyeckon (peHOMEeHOAOrM4ecku
000CHOBAaHbI, MPOCTbI, MPEACKa3aTeAbHbl,..), TAK U 3KCNepUMEHTAaAbHOM
(YeTKafa curHaTypa, HU3KU YpoBeHb POHAQ,..) TOYEK 3peHUs

* [IpeaAaraeTcs SKCNEepPMMEHT MO NOUCKY HOBbIX CUA U UX MEPEHOCYUKOB HA
yckoputeAe SPS CERN, KOTOpbIA NMAQHUPYETCH OCYLLEeCTBUTb B ABA 3Tana
(Phase I, 11). MpoeKT 00AaAaeT BbICOKOW KOHKYPEHTHOCNOCOOHOCTbIO NO
CpaBHEHUI0 C aHAAOrM4HbIMU NOUCKaMH, NAaHUpyembiMu B JLab (CLUA), DESY
U pAEe APYrux Aabopatopum B 0OAACTU HEUCCAEAOBAHHbLIX MApaMeTpoB

10> <€ <103, M, <~100 MeV

* JKCcnepuMeHT ObIA paccMoTpeH komMuteToM SPSC CERN M B anpeaAe 2014 .
PEKOMEHAOBAH K npoBeAeHuto 3Tana Phase | c noAydyeHueM nepBoro
du3nyeckoro pesyabtata B 2015 r. u nocaeayrowein noArotoskom TDR AA
OCYLLEeCTBAEHUSA NOAHOMACLUTAOHbIX MOUCKOB

* CyMMapHast CTOMMOCTb npoekTa 13,8 MAH. py0. Ha 2014-2016 rr.
lNoTpeb6HOCTU Ha 2014 r. cCOCTAaBASAKOT 3,8 MAH. pYyO.
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