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5 . Why directional Dark Matter searches/" "

The only approuach able to unambiguously and positively identify a DM signul

5 Y
Crgnias §
3 0 W
1 % v
./ a b
"»,_ o /S S NN L Tteean
¥
Y
//"’ ------
o
vt hiaag § - T HOTT
Tare (Racton of d
Review on derectionad direct dark matter search with gaseous detectors Prok. Kevtare VY
117, MachiWa 08.3C - 08.50
CYGNUS « & mu'lislatilude directional WINIP experiment Prol. fel Spooner
17, MachiWan 08,50 - 09.10

A. M. Green et. al, Astropart. Phys. 27 (2007) 142

difference from baseline configuration Nao | Ny
none 7 11
Erpg =0 keV 13 21
no recoil reconstruction uncertainty 5 9
Ery =050 keV 5 | 7
Erp =100 keV 3 3
S/N =10 8 | 14
S/N =1 17 27
S/N =0.1 99 170
3-d axial read-out 81 130
2-d vector read-out in optimal plane, raw angles 18 26
2-d axial read-out in optimal plane, raw angles 1100 | 1600
2-d vector read-out in optimal plane, reduced angles = 12 18
2-d axial read-out in optimal plam1 reduced angles 190 | 270 |

Cupublllty to reject |soIropy down to
low threshold, i.e. to fight all
backgrounds, induding nevtral

P. Grothaus, et al, Phys. Rev. D 90 (2014) no.5
10

10-45
107
.5 107 :
S non-directional
104}
L ] o
directional
10-49 |
10
10° 10° 10°

mpy [GeV]
Capability to leap beyond
Neutrino Bound

F. Mayet et al., Phys. Rept 627 (2016)

"H\ 4l
. \ 1,
a \ {3,
L]
\\
N
- ].T
. — Directonal
10" F.. Non-drectional
105} o O, 'Q )
H 07 \\ - ay
107 -
10° 10’
‘\\\‘l.‘ll‘

Capability to probe DM
nature once discovered

N
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a S,Why gaseous TPC for (directional) DM searches' """

ncrdent

pasticie fielc cage

hoda segmented

* TPCs are inherently a 3D detector, being able to s | AN oo
measure position and direction, including sense \.

€ TPCs can measure dE/dx for PID (read background | ¢ _
rejection) and track sense determination : de :

* TPCs allow to optimize pressure and gases content,
to either increase exposure or track length

* Gas ionisation inherent energy threshold 20-40 eV

* Gas can be purified from Rn and other
contaminants

Cosmic
ray

€ Gas TPCs do not need cryogenics, nor any other :fiﬁ? i e
large service system like other DM searches - T
approaches He recoils

* He (and H), the best kinematic matches nuclei for
low mass WIMPs, are gaseous at STP

~25 keV,,

E. Baracchini - Directional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence 3



)
E ,Gas amplification through GEMs and optical readout/FN

lonizalion clusters

/ \ lonizing track

“;P ﬁqb -

Pholons Photons

Typical GEM charge gain Photons are produced together with First realisation by
105-10¢ electrons in the amplification process Charpak in 1987

Optical readout advantages: '

¢ High market availability & development, following Moore law

€ High integrated granularity up to million of channels

¢ High sensitivity, down to single photon, hence low energy threshold

¢ Decoupling of sensors and electronic from target gas and high field drift region
€ Possibility to image large areas with the proper optics

N
E. Baracchini - Directional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence 4



=, Imaging sensors: CCDs & sCMOS U//F?

1.1
_R
- 1
THE UI\'IVERSIT)" 5{." CCD — —
NEW MEXICO 8 o FSORCAFlash 4.0 V2 (slow scan
g _ 28
S os ==
'% ORCA-Flash 4.0 V2 (standard scan)
® 07 i H—t—
g 7 4 llmagElMl
06 ~
r £
111
0.5 /-
04
1 10 100 1000 10000

Incident light amount (photons / pixel)

[ (rwas has G pata
Wite s Loded W Caatas 1 e Capp w000

o

Spect-al rasnonse

8

1 1 1

=

i - m e — COCA M4 0 N2
) » o~ - - 80 - ™~
e}.el AlIti /./__ - \ - £ . y. g N |7 Frevious scectum wicorsy
ere {lLl TN =y g PR
AT \ = ) - L EMy/ARE AN
= e VA AW 4 \ f s G5 N\
o 4 A \ Ampifier i’ﬁ E 40 D \
O@ \\\r' \ \ a fg' 30 e \b\\
Q@) \l"\ \ — b"’ ? 0 X mChery \\
= — MLATIO Quasian ENceky \\ Metal wire ‘-D ‘? 4r—: AN
h m oulyn U:.m K00 sO0 70 A Q00 1000
" " m o W W Wavedlength (rm)
Nrirdem g |
‘ Larger light yield # pixels  Pixel size  Noise 242, Els Lower light yield "
. S, peak Lower noise
Crispier images cco [N L i
Higher uniformity ML4710 X °W°C'I"P°w°'|‘l:'“s:':: on ‘
o eaper than
" Larger noise o) CIV||(=)|S p |ZOOXERE) Gaum | TS | 857 Under ra I,id develo mentsl
Larger power consumpfion BAiiis P P

E. Baracchini - Directional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence 5



a' CFs-hased qas mixtures.”

THE UNIVERSITY of
NEW MEXICO

CF4:(C52 / SFs)
100/150 Torr with CCD
electron/negative ion drift

¢ Diffusion reduced to thermal limit

+ 1 mm/m

¢ Minority charge carriers for
surface events rejection

¢ NI drift can be obtained with only
+1-2% C52/ SF6

1‘:

1.25} 3

1t ‘\.c

o (mm)

0.75} Mg

2
,;

0.5 [-— Thermal | T
o SPB 20 Torr

SFS 30 Torr
N SFB 40 Torr

0.25}

O 200 400 G000 800 1000 1200
Electric Fiele (Vicm)

(#) SFg diffusion

SF; longitudinal diffusion

Photon yield, ph/Mev/nm

CFs

¢ High light yield
¢ Spectrum matched to sensors
¢ Often used as quencher

&

3

-
(=

=

Pure CF« primary scintillation |

200

300

F N
|

He:CF;

740 Torr with sCMOS
electron drift

¢ Atm operation while maintaining
low target density (80:20 is only
20% denser than 150 Torr CF,)

¢ Sl sensitivity to low mass WIMP

¢ He increases y/e- ratio

o

o

N (2}
T

) 5(

| | |
1.00 1.25 1.30 1.73

mix ratio

y/e ratio as function of He /CF; ratic

Z2.00 223

R |
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THE UNIVERSITY of cc D
NEW MEXICO

10 cm track

. T - e

e-recoil 2 mm

r 1150

If°

10 20 30 40 S50 60 70 80
X Pixed

0 4 3 12 16 20 24 28
X (mm)

LLALTIR.. V.o DIRTEIITI

2 mm

F recoill

‘-
<
K,

L \n
g °°Fe in 50 Torr CF4

<U
3 6 9 12 15 8 21 24 27 ADM
X(m;:l) “ X Pixel

() ¥ Fe wraks iv 30 Toor CFa

*black & white/¢olours is simply the way we display
data, not an intrinsic feature of the sensors ;)
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CCDs and negative ion
gas mixiures

THE UNIVERSITY of
NEW MEXICO

D. Loomba et. al

E. Baracchini - Directional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence
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g

T

) Microline ML4710-1-MB CCD camera

THE UNIVERSITY of
NEW MEXICO

G S
K

D. Loomba et. dal

CCD Camera

20 mm
Extenson Tube

Nikon Noct-NIKKOR
58 mm /1.2 lens

Rolary vacuum * K7 optical window
feedthrough
a SHV Feadthroughs
]. — b - T BT window | i
- - 2 B . —
I : SR
g ~ llllllllIlI-Illllll-l'l\‘.ircymi
o= I T SEMs } _:::: I:’::i.:‘:,p SRS IR GEM 3
O e oebRsuas CHEEI GEM 2
zoef,ﬁx{a;" ) Lealhace RN 7T S 3 s
10 mn Daafl Valume

11 1 Po-210 alpha

source w/ collimator

ﬂ Ciathedk Mesh
3x3x1 g

I3

Aluminum Vacuum Vessel

o Effective gain: ~ 200,000

* Energy resolution measured optically: 35 %
(FWHM) at 5.9 keVee (CCD)

S |
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drift /v

'Discriminution and Directionality demonsiruted in 100 Torr CF4,

CCD in pure CF5100 Torr,

o $Directionality threshold 40 keVr for axial, eVF for vector.
- ®Need 750 events to rule out isotropy at 90% CL for 100 GeV
oy : WIMP.
= e . o o . . . .
3| g , - $Both Discrimination and Directionality could extend to lower
B3l High dE/dx: nuc.- . .
1 recils F energies, and lower mass WIMPs. E.g. by reducing pressure
"l and using light targets.
€Shown here are resolved Fe-55 electron tracks taken in 50 Torr
e~ CFy4, showing the direction of the emitted electrons

Energy (x2\fe2)

120 _— _99__2‘?) 60
| 200 Phan, et al. Astro Part
150/ o 30 Phys. 84 (2016) 82-96
Cf252 100 \
O f : "'i Phan, et al. arXiv:
i | ° 1703.09883

21'3 A 330 36 9 12 15 18 21 24 27 ADU ‘
FOI‘ dlSCflmlnatlng between electronlc and nuclear reco||s b
B t down to the lowest possible energies, high S/N is critical. 3D

o S A - N - BN - - _ o et

2D vector recoil directions & traCkS WOUld also h9|p Y.
' |
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=1 UNM R&D with CCD and NI drift «

Investigate advantages/disadvantages of negative ion + CF, gas mixtures, such as
CS,/CF, and SF,/CF,.

« What is effect on diffusion? Results are for alpha tracks in 150 Torr CF, (left), plus ~4 Torr

CS, (right).

About 3.4X reduction *
In diffusion, Q-
determined using g
widths of alpha N
tracks. » - U $

Nermalioed Light Yiekd in 150 Torr CF4 and x% C82 mixlures Q&l
L) ) |l L) | L '

«  What is effect on light yield (LY)? .

About a factor 5X reduction in LY,
measured using Fe-55 charge
and optical spectra. If there is
good S/N, this could bring benefits
of NI to optical readout TPCs

(LY == light/charge)

| D. Loomba et. al

(rrorm el oec)
<
T

S id
CHY Peossire (Tour)

D |
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sCMOS and He-based gas
mixtures at atmospheric
pressure: CYGNUS-RD

E. Baracchini - Directional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence
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v, CYGNUS-RD project (2016-2018) /~ NN

Hamamatsu Orca Flash 4 sCMOS camera
JINST 13 (2018) no.05, P05001

10x10x1em* g
0.1 Liters |
Triple thin GEMs
CMOS & PMT on same side

e e—

1 Nae
e e

N
220

~

TeoveesoeoveSseseew
"

o
L
'y 1 ]
g
FiEe= —
R | —
il8s 1
S [ —
ER IR [i—

ORANGE: small prototype

CYGNUS-RD ltalian collaboration - https://web.infn.it/cygnus/

PoS EPS-HEP2017 (2017) 077

9.6 llters . ]

CMOS & PMT on opposite sides

R Elliptical field cage ' |
0 with semi-transparent |

7x7 cm2 PMT
cathode

e CMOS

Tuneable tamera

bellows

20x24 cm2 GEMs

LEMOn: large prototype
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&5 CYGNUS-RD project (2016-2018) /»~

Hamamatsu Orca Flash 4 sCMOS camera

JINST 13 (2018) no.05, P05001 PoS EPS-HEP2017 (2017) 077
WOx10xTm®* g g TS

B | 24 x 20 x 20 om* }

—~ FNIES
0.1 Liters INFN 7
I L/ /""/v\\“ \

Triple thin GEMs " e thin
CMOS & PMT on same side CMOS & PMT on opposite sides

'ORANGE: small proio;ype . LEMOn: large prototype

CYGNUS-RD lItalian collaboration - https://web.infn.it/cygnus/
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Gls
s CYGNUS RD in 'I'he mﬂklng '"”’

E. Baracchini - Directional D




7. CYGNUS-RD 55Fe evenls

S00

750

1000
T mm diameter spots

1250

1500

17%0 o I I
5.9 keV.. energy deposits clearly

d. o (] h df o
iIstinguished Trom noise
2000
0 500 750 1000 1250 1500 1750 2000
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& CYGNUS-RD: energy threshold ;"

O(keV..) energy threshold

+ 20-30% resolution for 55Fe

0.5
« 80/20
o9 » 70/30
Theretore a single electron has 0.4} _,FE 50/40
50/50
a sig/noise = 2.5; 20/60
. 0.3+ * ” '
r £ Camma N . v
200 — . La Mod: 4446.73 < v F e S eedan
! £ Y Mea: 4616.40 - Res : N
a (| Std: 1119.92 0.2 - 4.
2 b o N = 5135 '
: "‘ M=416e+03
,3 : 3 5 = 1.6de+D3
100 .]1 H 0.1+
I
50 ‘ \( 0.0 | | | l 1 |
’ 340 360 380 400 420 440 4560 430
| Pﬁcwpaak\ | V GEM (V)
0—2500 0 25¢0 S000 7500 ICOJO 125[)J 150"‘0
Photcns
55Fe events sCMOS image 0
23 - |
Fe specirum T | Run58 @ 20 mm
LM v -+~ Run60 @ 40 mm
. o p— Tl ~-a—- Run62 @ 60 mm
;: o.sf— - | p %‘ : v ‘. --v-- Run72 @ 150 mm
) - . v 30— A V-
t 052 Yo A “w-
= ° o v - .- . & - et T
B L. 20_ e . -+
0-35 o X o E; | A - T -
0.2 o710
- @ -
01 S F
; \ : N L 0 L | - | | 1 | I R
% 1 2 3 A E 0 2 4 6 8 10 12 14
Rpluaspd Fm-u (ke V) Released Energy [keV]

S~ =

Nearly constant down to 5 keV..
over 20 cm drift distance

200 eV

', ﬂgmu ihreshold on deiedlon in He.CF4

17
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&5 CYGNUS-RD: 2D & 3D tracking ™

0(100) um 2D X-Y
resolution over 20 cm drift

The PMT signal provides track profile in the 34 direction

400 -

Sensitive gap
q 84 parallel to the beam
X2 = 28.40 + +
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- o o jgeo o o o o R INEN
Iy | CYGNUS-RD: fiducialization along drift direction (i.e. z) L/F

e
Electron diffusion in the dritt gap can k&

event The transverse light profile and the PMT signal waveform are expected

e e

xploited to evaluate the Z of the

to become lower and larger as long as the event is far from the GEM,;
Since the amplitude (A) decreases and the width (S) increases with Z, their

ratio n = S/A

"7‘ of light tracte (%)

s 5 8 %

R W 12 u
distavce 7 lemd
(e S LT

s 18 20

+ 4

+6+

}.,\.‘.n..-" WY "“‘1

from sCMOS
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2 electrons @ 1 cm
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increases (independently from the amount of produced light);

o

.. Common electron drift,
no negative ion here!
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25 CYGNUS-RD: PID & ER rejection/»~

PID through dE/dx, i.e. # photons/pixel

- w— Ypx > 8

AmBe source : - yipx <8 6000 == Nucl. Recoils N

I ‘p‘px <3 7

5, ‘ 1 — S")ft electrons ~ 4
event CJ 5000 | &
: : MeV electrons )
: " 4000 1 /

> 4
0.2T magnetto | | J o 4
verify fundioning, N o V-
but curvature NOT o o

used for PID | » 1000

e FETE FETE P P R P P PR P | oo 10 20 w w m
photon/px

Fast PID through spe«ific ionisation can easily distinguish between
0(100) keV He nuclear recoils, 4 MeV aund 60 keV electron recoils

Rejection factor under evaluation

NOTE: PID cun be complement
and largely improved combining
dE/dx with track topology and
track length vs energy

\
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)

g CYGNUS-RD: response to 2.45 MeV neutrons/"*~

Test with D-D
source (2.45 MeV
'==| neutrons) at ENEA

FNG June 2018,
analysis on-going

l.‘ v&
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G S )

shl &

CXGNO

A CYGNus tpc module
with Optical readout
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a7  CXGNOc¢oncept o~

(3)He:CF5 +1 kg total mass  GEMs amplification  combined PMT + sCMOS readout
1 m3 target volume

Theretore a single electron has eyt
e ien = O K. °
asig/noise = 2, Atmospheric pressure & room temperature
00— ” {.:l' ﬁ;ﬂiqo. /3 Tine (as)
| : @ b e < k
. i Aim: zero background over 1 yr
B A 5 = 1.6de+03
] Mo

o {5 and O(keV..) energy threshold A
50- ' 1

! .Pﬁcw-peak N

0 ! 1

Loa ol i 1 " 1 PR IR |
—2500 © 2500 5000 7500 10000 12500 15000
Photons

— -

O(keV..) energy 3D tracking with head-tail
threshold determination at O(keV..)

l’«:' —:lol;ﬂ 1 =
16 ' —treS F wes. _
'“;’/&Jp“:‘d - ’E <‘J
14t . . : e A
1?4' ' . ' ) - Teeta,., o

} \ -4 T8te.. Y
1:N - \i" T R L e o"'

b('g " ) e 4 !

“ » : a2

o peomed o Quenching factor and track range oo

BB A e . P A

measurements foreseen with LEMOn/LIME o o o1 e e 5o

I:S ER rejection at Combined low WIMP mass SI & SD Fiducializa;ion in the drift
(keV.e) to zero

background goal sensitivity thanks to He & '9F direction at O(keV..)

' |
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v, cXGNOcollaboration & proposal /**

Conceptual design of CYGNO

F. Bara: rlnn' It Bedoeni?, F. Bel'ind?, T Bemissi?, & Biance?, L. Bignell?,
G. Cavolo®, E. Di Maren”, O Eldvidge”, A Fzeribe®. R, Gares lll . T. Gamble®
R. Gregoria®, . Lane'. D. Loomba’ W. Lynch®, G. M a ccantone”, NL \[ nahm
G. Mazzitelli*, A. Messina®, A. Mills’, K. [Illl hl"' F. Petrucci ' D, ! luu o”

D Pinei®, N Phan’, F. Renga®. No Spoorer® T Thorpe” S Timnassin? aml

3. Vahsen”

LCran Sassa Scienee Institule L'\quils, 1-67100, taly

Fovitwie. Noziemsale ai #isicn Nueleare | Loborwior: Nazioswdi oy Froseets, Foooio, Tiely
S Dipartimento di Fiziea, Sopienza Uriversitd di Homa, 1-00135, llaly,
) ) Y Austrubies Nutional Uneersity, Conberra ACT 0209 Awsliwisa
“Istitwde. Noziomale i Fisara Nuelenre Sezione di Roma [000A5, Naly
Y University of Sheffinld, S10 2TN, UK E NTRO All l‘l' .
' N F N T University of New Mezico, Aibugueryez, Ny 857151, USA ( :F E R M I ‘
“ Musce Storico delle Fivica # Centro Studi e Hicerehe "Enrico YVermu® | Muazza de! Vionmale 1, Homa,

Muses Storico dela Fisica e
SULE -
F-oo1a4, licly Centro Studi e Ricerche Enrico Fermi
Y University of Hewaid, Homolalu, US
Y9 K abe Universaily, Hyogo Myejecture 655-DU1Y, Jepar

U rstitute Nucionale di Fisica Nudeore Sezione di Rooe TRE, 1-66154, Ntaly

With contributions from CYGNUS-TPC collaborators on spe«ific items:

D. Loomba (gas studies), N. Spooner (low radioactivity materials), S. Vauhsen (detector
simulation), K. Miuchi (gas purification & field cage), G. Lune (neutron measurement)

THE UNIVERSITY of
NEW MEXICO

The
g University
i Of

> Sheffield.

E ﬁu?traliclan
> (2 ationa
University

resented to INFN by July 2018, decision by Sep 2018

CYGNO request for fundin

|
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CXGNoromIma & fulure

015 2018 g 2019 2020 2021 2022

Elecdron drift | 0.0001 m3 I MA1/LNF | algf | ewr | ewr | awaes |
1 atm 0.01 m3 " | Construction | Installation &
1 0.025 m3 '

& test data taking
LEMON

-

3
CYGNUS-RD I uMe Ims |
: CYXGNO
|
I - background
- materials test
* gas purification
I - shielding
- OPT readout : - stability
<1 .cm drift - OPT readout - scalability oo 3
- 0 resolution * 3D printing " relisbikity 10-1 ki
200 1 [
-PID
I:I - tracking | .
» drift resolutions . SO em drift
Jimapia churgn readout I « drift scaling
-5 cm drift * materials test
-3D printing I ‘gas
-negative ion studins
NITEC AN

Negative ion drift

OPT readout
-1 em drift
- thick GEM

-negotive ion studies

610 Torr —> 740 Torr = e -

0.00005 m3
3
0.00001 m ' T

o 2015 2016 2
THE UNIVERSITY of IF g :

-

towards the development of
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ECYGNO 1m?3 nevtron flux measurement @ I.NGS’ NEN

¢ WI'l'IlOIl'l' passive neutron shielding

o @ ﬁ
Proton 573 keV  Tritium 191 keV
n+%Me — p-+°IT + 764keV

¢ Simultaneous sensitivity to thermal and fast neutron
flux with3He:He:CF; at atmospheric pressure

¥ Fast neutron through nuclear recoil

€ Thermal neutron through capture on 3He (0.5% is
enough thanks to the large capture cross section).

¢ 0(10 keV) threshold on fast neutrons
¢ Precise spectral measurement

¢ Directional measurement

¢ Seasonal measurement

¢ Background free measurement

¢ Hall B measurement

¢ Possibility to optimize pressure and gases content for
higher yield or lower directional threshold

¢ Demonstrator for the DM search

5000 detected nuclear recoils induced by fast neutrons/month

— 5000 detected thermal neutrons through caupture /month 26



G S| one o )
CAXGNOT m3 INF
S0 A 1 m3 sensitivity & future prospects o

He:CF; 80:20 @ 1 atm (+150 gr He + 800 gr CFy)
1 keVe. He/3 keV.. F recoils threshold

Zero background over 1 year

10°% 107"

10-%8 1072 &
& - 8 ALK
5,10‘39 -3@ ~:- preliminary
= c 2o
S 2 E oo
S 10% 4+ ® c‘j; = -
* ., o ﬁ CYGNUS
] ; @ G 1000 m* |
O -41 -5 -9 =
£ 10 | ¥ AR 1075 © «+=:100k m* 3
put ! N\ cC - -
S s 8 =
° 10 o C

2 =
P
% 0% . 10‘7% =
S Lz =
5" 55
O . >
_ast Neutrino Floor 9
10 10 1077
10~ 10° 10" 10° 10° 10*
~46 Lo T « (e /2
10 0.1 TH 1 Y 10 UCLA DM 2018 WIMP mass [(,e\ /€ ] 13

Dark Matter Mass [GeV/c?]
Black lines: published limits
Coloured lines: future prospecds
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Backup slides
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F Truck range in different gas mlqures 'NF/N)

38

ALPHA TRACKS

F TNS

2010 IEE

5.48 MeV alpha particles have z range
of 13 mm in pure CF;;

B AZMOUN FT Al
VOL 57, NO 4

He/CF4: 50/50 He/CF4: 60/40 He/GF4: 70/30

A
\
O

"~

-

|";> .

2 CM BLIND BECAUSE OF THE GEM FRAME

From preliminary measurements, algha
range seems to be “determined” only by

CF4 and to decrease linearly with its amount
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73 1 CYGNO tentative radiation budget/""™

Elec¥on Microecagy of a GEV Foil

(37 10" sammalyear between 1-100 keV )
¥ ~2.6 x 10° gamma/year between 1-10 keV. §
' ~0.04 neutron recoils/year

e CESHN 300 Juup 20X

GEMs: Kupion + Cu,
radioactivity from CYGNUS
simulation, to be measured @ [ /
LNGS facility in next months [ 7 /(,/ /F /

Low radioadivity PMTs,
far & outside gas

# w volume

Feedihroughs &
services

Cameras: radioactivity
just measured @ LNGS
fucility, results this

week, can be partially
shielded

Field cage, Acrylic +
Cu, low radioactivity

~1x 10° electron recoils/year.

"~1 x 10 neutron reconls/year

Gas vessel: do not need
to keep vacuum, i.e. not
necessary steel, low
radioactivity materials
under evaluation

Transparent texturised |
[ 4
mylar cathode a’la DRIFT sctional DM searches with optical readout & the CYGNO project - IDM 2018, Brown University, Providence 30




G S )
ry, Neutron flux measurement @ LNGS/""~
Both fc;st and thermal flux measurements varying widely ' ¥sHe and BF; measurements

¢ Thermal neutron through capture: a

Thermal neutrons ' SHe BF3 3He SHe peak over a large background of

_ internal radioactivity (alphas mainly)

E interval Thermal Neutron Flux (107 %cm™=s~- . .
Wi R |‘_:1T]“ Rcr.l]zrﬁn [ uI;:,c(f.|23|( ]l Re™ [21] # Fast neutron (Belli, Bellotti): only
0-005 53 £00] 108002051~ 013032 £ 009 through Cadmium and Polyethylene
(1.07 £ 0.05) moderators, complicating detector
0.05 - 1000 TS1£020 - : : s
(199 4 0.05) efficiency and introducing additional

uncertainty on yield and energy range
Table 3: Thermal and epithermal (top) and fast (bottom) neutron dux mcasurements at the Gran

e ° ° ° °
Sasso laboratory reported by different authors. In analvzing their experimental date with Monte “ S‘ln““ﬂl’or W|'|'I| pl‘O'I'on I“e(0|l

Carlo simulations, Bell: et al. [22] have used two different hypotheties! speetra: flat, and flat plus a

[ ]
Watt fission spectrurn. This leads o the upper and lower data scts shown for ref.[22] respeetively, '|'e¢|1lllq Uvue
E interval Fast Neutron Flux (10 %em—2s1) - . . . ..
(MeV) |Ref.[25]] Ref[26] |  Ref[22]  [Ref.[21] Ref.[27 | Ref. [28] ¢ Proton recoil technique is similar to
=25 PTETTT | (053:£0.08) _ nuclear recoil
— 25 T14£0.12 5340.08 :
2513 | UL 0.1350.01 0.2750.14 UL ¢ Ldrge bdckgrounds from C"Ph('Js to
510 TS T GTSER T P _ proton recoils
8 N B ) A AN Y.
(0.0440.01)  [3.0=0.80.0240.06 b Measurement from 1999
10— 15 [0.78+0.3[[0 4 =0.47-107°[ (0.6 £0.2)-10~° )
0.7 +0.2)-1073 -0 ———r—rrrrrT—y
15 —-25 (0.5 £0.3)-107° Ng
(0.1 +0.3)-107°" STk i
m
Liquid 3 3 -
scintillator BF3 He He Fast neuirons' ‘5 10 g 1
gty 1
Measurement of fast neutron flux are more than 20 years old! ' ol e
1 0
Neutron Energy (MeV)
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=y, LNGS Hall A, Hall B and Hall C /¥

Wulandari et. al.,

. Astropart.Phys. 22 (2004) The flux IS dominated by neutrons
107 313-322 | produced in the concrete layer and
. therefore does not vary much from
O O 3 ‘ hall to hall
5 SRS N
Ei0-¢| S A . At higher energies, the contribution
x ¢ * .
i TR of (alpha,n) reaction becomes larger
S1o-¢f © ., B introducing the difference
= . -
2 * emitted per fission [11]. The total number ol neu-
10710l o | trons produced by fission and (o,n) in the rock/
- concrete at the Gran Sasso laboratory depends
0 cventually on the 2317 and #°Th contamination.
-11 : : : : : : : I S S N I N N A I N S PG N TS SR I N BN
18 1 2 3 4 5 6 7 8 Tabls 3 STy 2k i 1 1 NS
En ergy (M eV) U and activities in LNGS rock
Hall Activities (ppm)
Fig. 3. Neutron flux at the Gran Sasso laboratory, @: hall A, S b “*Th
dry concrete, X: hall A, wet concrete, €: hall A, dry concrete, A 6.80 + 0.67 2.167 + 0.074
fission reacticns only and C: hall C, dry concrete. Each point B 042 0.10 0.062 * 0.020
shows Lhe integral flux in a 0.5 MeV energy bin. C 0.66+0.14 0.066 + 0.025
DEPENDENT ON CONCRETE WATER _ oh A  HellB  HallC
rock 3.54 0.22 0.34
CONTENT!!! n/year/g

concrete (.55 0.55 0.55

..something that can change over a year... I—- |
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