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Motivation "

Dark Matti
22%

Hecmotpst Ha 1O, uto CM HaxoauTcs B BEJIUKOJEIIHOM COIJIACHM CO BCEMH MPOBEACHHBIMHU
U3MEPCHUSAMH, OHAa HE MOXET CUMTAThCA TIOJIHOM 3aKOHUYCHHOM Teopuen. ACTpopu3MYECKHE W
KOCMOJIOTMYECKHUE HAOIOACHUS, IBHO CBUACTENBCTBYIOT O CYIIIECTBOBaHUU BO BceneHHoM TeMHOW MaTtepuun
(TM) u TeMHOM »HEpPruu, KOTOpbI€ COCTABIISIOT mpuMepHOo 25% u 70% oT ee mojHONM Macchl. Takum
obpazoM, CM onuceiBaeT pakTHueCKH TOJbKO 5% BcenenHoit, cocrosiei n3 00bIYHOIO BEIIECTBA.

MHTeHCUBHBIC MOUCKU OCHOBHBIX KaHuatoB Ha posib TM Ha LHC ( SUSY neutralino) u B moa3zeMHbIX
nabopatopusax (WIMPs) moka He mpuBenud moka K pe3yiabTaraMm. ToOJbKO CpPaBHUTENIBHO HEIABHO OBLIO
OOHAPYXEHO, YTO OHA JIBMKETCS OTHOCHUTEIBLHO MEICHHO, T.e. sBIseTcsa ‘“‘xomomHou”. Tor (akt, dto
OCHOBHBIM MPOOHMKOM IS M3Y4YEHHUS €€ CBOMCTB CIYKUT I'PaBUTAIMOHHOE B3aMMOJCHCTBUE SIBJIACTCS
OCHOBHOW MpOO0IEMOii, MO3TOMY, TMOMNBITKA OOHAPYKEHUS HOBOT'O TUIIA B3aUMOJEHCTBUS MEXYy OOBIYHOU U
TM 1npeacTaBisloTCs KpailHe HHTEPECHBIMU.

CpaBHUTENIBHO HETABHO OBLIO BBIJIBUHYTO MPEANOI0KEeHHE, UTO TM He SIBIsSE€TCS MPOCTHIM CKOIIJIEHUEM
Y4aCcTHI] OJIHOTO COPTa, a ABJISICTCS YaCThIO TaK Ha3bIiBaeMoOTOo ‘“ckpbiToro cektopa” (Hidden or Dark Sector),
COCTOSIIIIETO U3 CEMENUCTB HOBBIX YaCTHII, TOAOOHO TOMY, KaK YCTpOEHA BUAUMAs 4acTh BCceneHHOiA.

IIpenmnonaraercs, uro ocHoBHBIE (phenomenologically unobjectionable o F. Wilczek) BzaumonerictBus
(portals) wmexnay Dark Sector 1 CM, gomyckaronme nNoCTpoeHHE NepeHopMupyemoro pacimpenuss CM,
MOTYT TIPOUCXOANTH 3a CYET CMEIIMBaHUA a) CKaApHbIX nojei (Xurrc, F. Wilczek), 0) BekTopHBIX monei
(poron-dark photon, Okun, Glashow) B) neittpuno (right-handed neutrino).
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B Ttakom pacmiupenun CM oaHol u3 HanbOosee MHTEPECHBIX SBISETCS MOJIETh CKPBITOTO CEKTOpa,
KOTOpas MO aHAJOrMU C OOBIYHBIM 3JEKTPOMArHETHU3MOM, pPAacCMaTPUBAET BO3MOKHOE CYLIECTBOBaHHE
“TEeMHOTr0” 3JIEKTpOMarHeTusMa. B mpeayiaraeMoil MoJIen B3aUMOJICHCTBUE MEXKy OOBIYHBIMU U CKPBITBIMU
YacTUIIAMHU MTPOUCXOJUT 32 CYET OOMEHAa MAaCCUBHBIM TEMHBIM (POTOHOM A' B pe3ylbTaTe €ro CMEIIMBaHUs C
OOBIYHBIM (POTOHOM.

Takas yactuna mMorsia Obl pacnaaarbcs TUO0 BUAMMBIM 00pa30M Ha OOBIYHBIE YACTHUIIBI, HAIIPUMED,
AJIEKTPOH-TIO3UTPOHHBIE Mapbl, JUOO HaA Oojee JEerkhue 4YacTUlbl TEeMHOM MaTepuH, KOTOpble He
JNETEKTUPYIOTCSA, U TOTAA TAKOM pacna sIBJISETCS HEBUAUMBIM.

CymectBoBanne A' mO3BOJMMIO Obl OOSICHUTH HE TOJBKO PAI  acTPOPU3HUECKUX
aHOMAJIMA&HAOMIOIEHUN , HO B TOM YHCJIE OOBSICHUTh U PACXOXKIICHUE MEXIY U3MEPEHHBIM U BHIYMCIICHHBIM
3HAYEHUEM aHOMAJIbHOTO MarHUTHOTO MOMEHTa MIOOHA.

[IpuunHa, 1MoYeMy OHa JI0 CHX MOp He OblIa 0OHApYKEeHA, MOXKET 3aKJIFOYaeTCsI B TOM, 4TO:
a) MO0 OHa SBJISASTCS JOCTATOYHO TSHKEIOM, U TOTa €€ IOMCKH SIBISIOTCS BaykHOM 3amadeii LHC,
0) oHa siBiIsIeTCS JIETKOM, ¢ Maccoi MeHbIle 1 9B, n He BuiHa u3-3a ee c1adoro B3auMOIeHCTBUA.

Torna nmouck Takux JIETKUX A' MOKHO MPOBOJIUTH HA YCKOPUTENAX 00Jiee HU3KUX SHEPTUM, B IKCIIEPUMEHTAX
C BBICOKOW YYBCTBUTEIBLHOCTHIO.



NAG4 approach

[Iporpamma uccnenoBanuit Ha NA64 BKitouaeT B ceOs:
- DJIEKTPOHHBIM MYYOK: MOMCK HOBBIX YACTHI] aCCOIMUPYEMBIX C TEMHBIM (DOTOHOM;

- MIOOHHBIH IMyYOK: TMOUCK HOBOTO Z’ CBSI3aHHOI'O C MIOOHOM M Tay JIEITOHOM, TaKOW Z’ TaKX e MOT Obl
OOBSICHUTh MIOOHHYIO -2 aHOMAJIUIO.

- [Iyuxu nuoHoB u kaoHoB. [louck pacnaga K, -> v, ¢o, ... Ilouck pacnagos w, n, n', ... -> invisible.

Calorimeter, < 50 GeV

e—, 100 GeV

€CIn/ rOBOPUTb MPO 3MEKTPOHHbIN NY4YOK, 3 OCHOBHbIX TPEOOBaHMUS K MOCTaHOBKE
9KCMEepPUMEHTA:

* High quality e- beam: monochromaticity, purity, intensity
* e- tagging system: to suppress pion, kaon decays in flight
* Calorimeter hermeticity: to avoid energy leak & high quality tracking

Expected sensitivity: single A" event per 10'°— 102 eot.



Search for A'-> invisible decays

Source of A’s: Invisible decay of invisible state! e

T3

level <10-12- 109/e- vacuum vessel

magnet

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

Tl 2
V1
S1 \
e~, 100 GeV i

Main components : Signature:

- clean, mono-energ. 100 GeV e- *in: 100 GeV e- track |
beam * out: < 50 GeV e-m shower in ECAL

- e- tagging system: MM/GEM)/Straw * no energy in the Veto and HCAL

* Sensitivity ~ €2
tracker + SRD (BGO, LYSO; Pb-SC)
* 41t fully hermetic ECAL+ HCAL
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Summary of background sources for A’-> invisible

[

Source Expected Comment
level
Beam contamination
-T, p, M reactions and < 1013-1012 Impurity < 1%
punchthroughs,... high precision MM
- e low energy tail due to tracker + e
bremss., m,u-decays in flight < 1012 SR photon tag
Detector
ECAL+HCAL energy Full upstream
resolution, transverse <1013 coverage
hermeticity,
holes, dead material, cracks...
Physical
- hadron electroproduction, < 103
e.g. eA->eA* + n,m.p,)/v- HERA ep-data
(H1 Collaboration)
- n punchthrough, (s
. . < -
W inefficiency WI o estimated.
- Wl process: e Z->e Zvv
Total < 1012




Signature for eZ->eZA’; A'-> invisible

GEANT4+code for A’emission in the process of e-m shower
development o(eZ->eZA") from Bjorken et al. C 7

100

SM events:
EccatEvear = Eo

E GeV

ECAL"

-
o
o

Events
-—h
o

-
o

0 A’ events:
Ecca <Eo Enca=0



Search for the A'->e*e decay 10.

MU3

Source of A’s:

OA'/0y~ 10—12_10-9 decay volume
10-M< TA'<1O'1OS %

T2

Signature: - e Sy

* S= S1xTarget x S2x ECAL XV2xV3xHCALv -- - —7_.-10% . |
two separated showers in target and :_-_—_—_;_—_'_‘__’.Z..--;(-];I;'

ECAL 107° Orsay

from a single e

« E;= E;+ Egen 107 &esist CHARM
* magnet to separate e*e 10-2 10-1

*0.... iIs small to be resolved m, [GeV]



Summary of background sources for A’-> e*e- "

Table 2. Expected contributions from different background sources estimated for the beam energy 100
GeV.

Source of the background Expected level
punchthrough e's or ys <10°
hadronic interactions <2x10°
lL reactions Z10™
accidentals 10"
Total Z3XI0




JINR responsibilities

Responsibility Deliverables Institutions
Beam trigger counters IHEP
Scintillators
Veto counters IHEP
Beam hodoscopes Two modules IHEP, TPU
Micromegas ETHZ

Tracker system

Straw tubes

JINR, LPI, SINP MSU

GEMs HISKP
ECAL Preshower, ECAL_, Photo-readout, WLS IHEP, INR
fibers, Trigger modules
Four Fe-Sc modules, Photo-readout,
HCAL WLS fibers IHEP, INR, UTFSM
BGO Crystals ETHZ
Synchrotron
Radiation detector LYSO Crystals UTFSM
Shashlik IHEP, INR
Theory A" and milli-Q production cross-sections, INR
decay rate
Slow control Centralized slow control IHEP, INR, all
DAQ DAQ modules IHEP, all
Electronics Modules All

12.
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14,

2mm straw (double layer, 192ch)




NA-64 setup

MM,, S,
MAGNET 1 MAGNET 2
e,100GeV I
- Lom—r i e 6=20mrad
ST, v,

VACUUM VESSEL

ECAL HCAL,,




11 masa 2018 Ha4ano paboTbl Ha kaHane NA64
YcTaHOoBJ/IeHbl BCe 6 CTaHUMW Ha Mny4Ke.

Bce KamMepbl CMOHTUPOBaHbI Ha o4HON noacTaBke Ons HaCTpOVIKI/I

Homep npowwmsku: 10.152.72. ...
126 127 124 125 122 123 120 121 118 119 116 117 108
Beam  ----> X Y X Y X Y X Y X Y X Y TO
# nopta MyAbTMNA 1 0 3 2 5 4 7 6 9 8 11 10 12
ST1 ST3 ST4

28 June, 2018

JINR KpamMapeHko
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Achieved results 17'

The data from years 2016 and 2017 have been processed and published, the total statistics is ~10'! events,
candidates for the signal corresponding to the signature of the dark photon have not been detected.

Part of the year 2017 run was devoted to the search for a new hypothetical X-boson with the mass of 16.7
MeV, the existence of which could explain the result on the anomalous production of e’e - pairs in the decay of
the excited state *Be” obtained in the ATOMKI experiment. 5.4x10'"° events were taken, hypothetical boson
was not found, obtained data allowed to significantly increase the limit on the coupling constant of the X-
boson with an electron, as well as on the mixing parameter of the A" with the conventional photon.

During the run in 2018 an amount of 2x10!" events were taken in a search for the invisible mode and 3x10'° -
for the visible one, data are being analyzed.

The permanent experimental zone at CERN on the H4 channel was allocated for the experiment. Preparatory
works on its arrangement started.

The facility should be upgraded for more efficient operation with a high beam intensity and be prepared for
the 2021 run, during which it is planned to increase significantly the statistics by registering more than 5x10"
events for further searches for A" and X-boson decays.
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B 102
\/k Results from 2016 and beyond: kinetic mixing ¢

A‘_v*

x
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1073

¢ 107 F
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104 | E141] e
1072 107!
mA;,GeV

S.N. Gninenko - NAG64 Status Report, SPSC Open Meeting, CERN, June 7-8, 2018

Search for invisible decays of sub-GeV dark photons in missing-energy events at the CERN SPS, NA64,
Phys. Rev. Lett. 118 (2017) 011802
Search for vector mediator of Dark Matter production in invisible decay mode, NA64 collaboration,

Phys.Rev. D 97 (2018) 072002;



Beams and running time

Beam Energy, | Intensit N... Process
GeV \' Period,
per month
spill S
eZ->eZA’;
e ~100 ~106 ~6 ~1012 A’->inv
~6 ~1012 A’ ->ee
#—%—‘
T ~150 ~ 106 ~6 10%2-10%3 7 -S>V
wZ->1Z
T->LUVV
T ~20-50 ~ 106° ~6 1012-10*3 | wA->m°n.n A
mmn.m -> inv
K- ~20-50 ~ 106° ~6 ~1012 KA->K°A
K, K-> inv
P 200-400 ~ 106° ~6 ~101 PA->pAZ’
Z ->yy

S.N. Gninenko - Search for dark sector physics - PBC kickoff workshop, CERN, Sept 6-7, 2016

109.
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Proposal for an experiment to search for

dark sector particles weakly coupled to muon
at the SPS

D. Banerjee”, J. Bernhard?, V.E. Burtsev/, A.G. Chumakov’, P. Crivelli™,

E. Depero™, A.V. Dermenev’, S.V. Donskov’, R. Dusaev’/, T. Enik’, V. Frolov’,
A. Gardikiotis”, S.N. Gninenko®, M. Hosgen?, A. Karneyeu®, G.D. Kekelidze’,
B. Ketzer®, D. Kirpichnikov’, M.M. Kirsanov®, S. Kovalenko', L.V. Kravchuk®,
V.A. Kramarenko®?, N.V. Krasnikov®, S.V. Kuleshov!, V.E. Lyubovitskij’,
V.M. Lysan®, V.A. Matveev’, Yu.V. Mikhailov’,L. Molina-Bueno™,

D.V. Peshekhonov’, V.A. Polyakov’, B. Radics™, A. Rubbia™, V. Samoylenko’,
D. Shchukin/, V.O. Tikhomirov/, D.A. Tlisov’, A.N. Toropin®, A. Yu.Trifonov/,
P. Ulloa!, B.l. Vasilishin’/, B.M. Veit?, P.V. Volkov”?, and V.Yu. Volkov’

4 The experiment to search for the Z, — invisible decays

The experiment can to perform in two Phases:

e The main goal of the Phase 1 is to probe the muon (g — 2), parameter space,
which would require accumulation of < 10 muons on target (MOT)

e The main goal of the Phase 2 is to cover the DM parameter space by collecting

> 1013 MOT.



MIOOHHBbIN NYYOK

MS1 MS2
v v Hcal0 Hcal2
0 GEM,MM S,

H,, MM,GEM
COMPASS BMS,
1% resolution

> Il
il |

Muon beam
100 - 160 GeV

S

218 m

Figure 4. Schematic illustration of the setup to search for dark Z,,. The bremsstrahlung
Z,s are produced in the forward direction in the reaction p+ 2 — p+ 2Z + Z, of a
high-energy muon scattering off nuclei of an active target (see text for definition of colors).

The method of the search is as follows. The bremsstrahlung Z,s are produced in the
reaction (3.1) which occurs uniformly over the length of the target (T). A fraction
(f) of the primary beam energy E|, = fFE, is carried away by the scattered muon
which 1s detected by the second magnetic spectrometer, as shown in Fig. 4, tuned
for the scattered muon momentum pj, < fp,. The remaining part of the primary
muon energy (1 — f)E, is carried away beyond all the subdetectors by the neutrinos
from the prompt Z,, — vv decay resulting in the missing energy F,,;s = E, — EL-



Summary 2

YcraHoBka NA64 Ha anekTpoHHOM KaHarne SPS BBedeHa B aKkcnnyaTauuio;

[lepBasi dasza Hay4yHOU NporpamMmmbl SKCNEPUMEHTA YCNELLHO Ha4vaTa;
rpynna OUAW BeinonHAeT oba3aTenbCcTBa Mo TPEKOBOW CUCTEME Ha
OCHOBE CTpOY TpyOOK: co3aaHbl U BBeAEHbI B AKCMlyaTauuto AeTEKTOPHI,
co3gaHbl cteHabl B ONAN n LIEPH, maT.06ecneveHne anga oHnamH
MOHUTOPUHIra n coopa aaHHbIX, B.®dponos ocHoBHOW akcnepT no DAQ,
HoBble y4yacTHUkn (HUNAD® MIY, HUA Al bI'Y, Tomck);

LIEPH ogobpun npogomkeHne nporpammbl Ha 2021-2023 Ha e-nyuke,
9KCMEPUMEHT Mnosy4mnsn noctossHHoe mecto (MHuBectuuum LIEPH 400k SFr);

Ha coBmecTHom ceccum MNKK no &4 n AP (anesapb 2019 r) yyactne OUNAU
B NPOEKTE Mony4nno noaaepXky HesaBmcnMblX peueHseHToB 0bounx KK u
6bino ogobpeHo.



Summary e

* [1nAa pa3BUTUSA YCTAHOBKW Ha 3NEKTPOHHOM KaHane 1 NpoaoimKeHUs
nporpamMmmbl Ha MIOOHHOM ny4vke SPS rpynna OUNAN rotoBa npuHATL
OTBETCTBEHHOCTb 3a CcOo3daHne 7 OBYXCNOWHbIX Kamep 6MM CTpoy
pasmepom 1200x600 Mm2 1 cooTB. anekTpoHukn ang Hux (HW AN bIry);

* B pamkax dgomnsmndeckon nporpammsl npoekta B SPSC nogaHo
npeanoXxeHue o Hadane B 2021 r nccrnegoBaHnU Ha MIOOHHOM My4Ke.
SPSC paccmartpumBaeT BO3MOXHOCTbL NMpoBeaeHns Tpex 4-X HeaenbHbIX
ceaHcoB Ha nepwuog 2021-2023 rr;

[Tpocum nogaepxatb npogosmkeHne yyactusa OUNAN B npoekte NAG4 (Tema
02-1-1096), B TOM Yncrie HOBble 0bA3aTENbCTBA MO PA3BUTUIO TPEKOBOU
cuctembl, Ha nepuoa 2020-2022 rr ¢ nepBbIM MPUOPUTETOM.



Y
Koa OKIO 01797319
BEJIAPYCKI A3APXAVHDI BEJIOPYCCKH# FOCY IAPCTBEHHBIN
YHIBEPCITOT VHUBEPCUTET
HABYKOBA-JIACJIEAYASl YCTAHOBA HAYYHO-UCCJIENOBATEJIbCKOE YUYPEXEHHE
IHCTBITYT S/A3EPHBIX IIPABJIEM WHCTUTYT SIIEPHBIX IPOBJIEM
BEJTAPYCKATA JI3SIPXKAVHATA YHIBEPCITITA BEJIOPYCCKOT'O FOCYJAPCTBEHHOIO YHUBEPCUTETA
(HII A BAAY) (HUM 511 BI'Y)
Byn. Bapyiickas, 4. 11, 220030, r. Minck, benapych yn. BoGpytickas, 4. 11, 220030, r. Mk, Benapych
Ton: 375 172264231 axe: +375 17 2265124 1 +375 172264231 dakc: +375 17 2265124
nowrra: inp-di inp.bsu.b P nouta: inp-di inp.bsu.by
25, 232008 _ 225/ 7BE
Ha oT
[ 1
Vuactue B npoekte NA64 Jupexropy OUSA

akazemuky B.A. MartseeBy

141980, yn. Xonuo-Kiopu 6, . y6ua,
MockoBsckas 0611., PO

Yeascaenotii Bukmop Anamonsesuy!

HayuHo-Hcene0BaTeNbekoe  yupeskaeHue  «MHCTHTYT  ANEpHBIX npoGnem»  Benopycckoro
rOCYNapCTBEHHOrO YHHBEPCHTETA BbIPAKAET 3AHHTEPECOBAHHOCTL B YHACTHH B MpoeKTe NAG64, kak B
paciuMpeHnH NEKTPOHHOMH ero YacTH, Tak 1 B CO371aHHH MIOOHHOH.

C 2012 roga HHM SITT BIY roja npHHUMAeT aKTHBHOE yuacTHe B pa3padoTke front-end
3MeKTPOHHKH 1 COBPEMEHHBIX Straw JCTEKTOPOB, CO3AaBaCMbIX B OWSH. PaBoTbl BBIMONHAOTCS B
pamkax KouTpaktos ¢ JIOBD OWAW. B HHH Il BI'Y  paspaGoTaHbl M  M3rOTOBJEHbI
CrieUMaH3HPOBAHHbIE HHTErpalbHble MHKpocXeMbl AST-1-1 i NEpCneKTHBHBIX Straw AETEKTOPOB
skcnepumentos CBM, NICA-SPD, NA64. Ha Gaze mukpocxen AST-1-1 paspaboTatibl ¥ H3roToBNIeHbl 32-
KaHanbHbIe MAATH HakamepHoit front-end 21eKTPOHMKHM [ Straw JeTeKTopoB akcnepumentos NAG4 u
BM@N, koTopble npounu yenewroe tectuposanue 8 LIEPH na onextpontom kanane SPS B cocTase
straw zetekTopa akcnepumenta NAG4. Curabl ¢ niiat HakamepHoii front-end cunTbIBaHCH CrieLHANbHO
paspabor: H U3roTC 32 ki nnatamu HakamepHbiX TDC, BbINOAHEHHbIMH HA
6ase FPGA. [Tnatbi front-end snektponrki 1 TDC 06pasyioT KOMIUIEKT S/IEKTPOHHKH CYMTBIBAHHA AN
straw I€TEKTOPOB.

HHMU SIIT BIY 3aunTepecoBa B COBMECTHOI paGoTe N0 pa3paBoTke H H3rOTOBNEHMIO HAKAMEPHOI
anextponmku cuntbisanus (front-end u TDC) ans straw netektopos NAG4. [lpeanonaraercs, uto
CoBMECTHbIE PaBGOThI MO CO3NAHMIO EKTPOHUKH CumThiBatus wis NAG4 GynyT BbinonusTes 3a cuer
s3Hoca PB B OUSN.

Ipocum srmouuts HAW ST BI'Y 8 nononnenue (Addendum) k Memorandum of Understanding
(MOU) ot OMSIH. B npunojerny K NHCbMY yKa3aHbl YHaCTHHKH MpOeKTa OT HUU AT BI'Y, common u
constructional BkaziLl no roam.

C ysaoicenuen,
Qupexmop

P
npogpeccop

C.A. Makcumenxo

Tpunooicenue k nucemy na I nucme.

[Moarorosun:
c.u.c. Conun A.B.
m.T. +375297546529

e

e — s
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Required resources

Units of measure

requirements for

Resource

Laboratory resources

2020-2022 I+t year 2 year 31 year
Basic units and equipment: Gas system,
electronics (FEE),
DAQ, detectors
Required recourses:
a) OODII of the Laboratory standard hour
standard hour
6) Design department of the laboratory
B) Accelerator hour
r) Reactor hour
1) Computer hour
Operating costs thousand US$
Funding source:
Budget expenditures thousand US$ 360 145 130 85
Including foreign funds thousand US$ 105 50 45 10
Contributions of collaborators thousand US$
Grant contributions (INTAS+MHTLI) thousand US$
Contributions of sponsors thousand US$
Contributions according agreements thousand US$
Other sources thousand US$

25.



Required resources

Purpose of expenses 15t 2d 3dyear Full cost
year | year

Direct expenses

Accelerator

Design bureau

Computing

Materials 45 45 10 100

Equipment 45 30 20 95

Collaboration funds 15 15 15 45

Contracts for R&D

Business trips 40 40 40 120

a) non-rouble zone 40 40 40 120

0) rouble zone

B) by protocols

Total: 145 130 85 360
50* 45* 10% 105*

26.
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SiPM 1. Electromagnetic calorimeters ECAL + Preshower
n e module design: (1.5 mm Pb + 1.5 mm Se¢) x 150 layers
& ___— Wavelength Shifting e purpose: energy measurements, shower profile measurements, e/n separation
Fibers e performance: energy resolution AE/E ~ 0.18/vE, X,Y resolution ~ 3 mm,e/r < 102

e event rate: up to 10° e~ per spill, 10'% — 10" £~ in total run

2. Hadronic Calorimeter HCAL, 4 modules

e module design: (25 mm Fe+ 4 mm Sc) x 48 layers

e purpose: secondary energy detection, «, p, n detection

e performance: energy resolution AE/E ~ 0.62/vE, w-hermeticity ~ 10~

e event rate: up to 10° « per spill, 10'* — 10" in total run
3. Beam counters S1,S2 and Hodoscopes H1,H2
3.0 mm Scintillator e design: Sc lmm hodoscopes

e purpose: e~ e’ pair hits, track detection and T},
¢ performance: spacial resolution ~ 1 mm, 2 tracks separation AR 2 1 mm
Figure 6. Schematic illustration of a scintillator-fiber-tungsten module consisting of a stack of & event rate: up to 10° e~ per spill

3.5 mm Tungsten

tungsten and scintillator plates of the size 3.5 mm and 3 mm, respectively. Wavelength shifting
fibers pass laterally through the plates and are read out at the side of the module with either SiPMs
or APDs photodetector. The similar module with a lateral 2x2 (or 3x3) cells segmentation is also
under design.

4. Veto counter

e design: plastic scintillator, 5 cm x 60x 60 cm®
e purpose: low energy charged track detection
e performance: mip inefficiency < 10~*

e event rate: up to 10° hits per spill

5. Synchrotron radiation counter, BGO array
e design: diam 60x200 mm thick BGO crystal

» Longitudinal segmentation = 4 modules ® purpose: 7y ray energy mesurements in the range 1-30 MeV

> Energy range S 0.5:120 GeV e performance: energy resolution AE/E ~ 3% at 1 MeV, time resolution ~ 2 ns.
. e event rate: up to 105 1-30 MeV « per spill, ~ 10" for full run

> Energy resolution > 65%/VE + 6% 6. Decay volume

> Full energy deposi‘l'ion thickness > =183 e design: diameter ~30 em x 15 m length, filled with He or vacuum < 10~ Torr

’ e purpose: minimize secondary particles interactions

. . purp Y p

» No crack, uniformity > 2+:3% 7. Micromegas tracker, 4 chambers

» Module size 2>  60x60 cm? e design: diam 80 mm

B e purpose: e- track measurement

> Module length > 150 cm ¢ performance: momentum resolution at 100 GeV AP/P ~ 2%.

> Number cells per modules 2> 9 e event rate: up to a few 10° per spill

> Cell size > 192x194 mm? 8. Straw tube chanllbers, 4 chambers

. o design: 200x200 mm?, thickness ~ 200 pum thick, straw tube diameter 2 and 6 mm

> Read out > PMT, FEU-84-3 e purpose: e- track measurement

¢ performance: momentum resolution at 100 GeV AP/P ~ 2%.




29.

i Physics prospects (http://na64.web.cern.ch)

Process New Physics Sensitivity
l.eZ->eZ + E_..
o A'-> ete- Dark Sectors: 103<e<10°
o A’-> invisible Dark Photons and DM M, ~ sub-GeV
¢ alps (9-2),
< milli-q new particles, e’ <10-5-107

Charge Quantization

2. I Z->u Z+ E

miss

o Zu'> vV, WU New gauged symmetry a,< 101:-10-°
o u->T conversion L,-L. and leptonic forces
LFV o< 109-10%/u
3. i(K)p-> M°n + E_ .
o K-> invisible CP, CPT symmetry Br <108-10°6, comple-
¢ K-> invisible ni's Ua”'sa'l"ty' mentary to K->mvv
L. w particles:
¢ o n,Nn-> invisible NHLp 00, WV Br< 108-107
4. pA-> X+ E, ..
¢ leptophobic X ~ GeV DM 6<107-108 /p

S.N. Gninenko - Search for dark sector physics - PBC kickoff workshop, CERN, Sept 6-7, 2016



dark mediator A’

s

Holdom’86, earlier work by Okun, ..

« extra U (1), new gauge boson A" (dark or hidden photon,...

« 2AL = & F wA" | - Kinetic mixing
* v-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

Large literature, >100 papers /few last years, many new
theoretical and experimental results

30



A’ search

s

Dark Force searches in the Labs

Many searches for Dark Force in the Labs around the world (ongoing/proposed).

SLAC (USA) KEK (Japan)

UGLA
- Neptune
- PEGASUS
- Support

SLAC || imt
= LCLS || . pLEIADES

31



\Kk

32.

22.

ATOMKI 8Be™ anomaly: a new 17 MeV gauge boson?

A
= @ ‘)
P
"Ta
Feng et al, 2016

X cannot be A"due to constraints from

x0->Xy decay: e N .
X 10° E
7'('0 -
- ~ 104
F(TEO—>X'\")~ (euqu_gdqd)2 ~ 0
if 28u=—8d - protophobic X 105 1604 . 07411

S.N. Gninenko — NA64 Status Report,

‘Li(p, v )®Be, M =17 MeV

}'%
IS
. T JrJrJr;Jr

 TPC, M1+E1

PRL(201 6)

c L16MeY

ot r

~7o
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FIG. S. Invariant mass diswribution derived for the 18.15 MeWV
ransition in ®*Be.

100 ’ngX [MeV]

SPSC Open Meetlng, CERN, June 7-8, 201
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