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Double Chooz
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Tours

2 detectors :
far hall
1050 m baseline, 300 m.w.e
near hall
400 m baseline, 120 m.w.e




Neutru

Inverse Beta Decay (IBD)
Ve +Pp — et +n

2 scintillation signals :
¢ scintillation (~ Ey - 0.78 MeV)
* n-Gd capture (~ 8 MeV, tept ~ 25 us)

neutrons can also capture on hydrogen
(22 MCV, Tcpt ~ 100 HS)

Buffer

AT coincidence : 150 ps (800 us for n-H)
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.~ Atmospheric muons are a major source
of backgrounds :

* o, n emitter spallation products
(°L1i, He) in the volumes

e Stopping muons and Michel ¢

» Fast neutron showers from
spallation 1n surrounding
rock

Bufter
n

All these backgrounds can be studied
independently except for fast neutrons
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Unexpected ]Bauckgmonm_

Event reconstruction based on a
point-like energy deposition in the target

D-like events — all PMT hait
— same amount of light
— same time

"Light noise" — only a few PMT
—> high light RMS
—> high time RMS

Stopping Muons have a similar behavior
(in the chimney)

part of my PhD consist in rejecting these backgrounds
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Slt<oqmpihmg /éé and ]L_

1 Neutrinos + Fast neutrons

2.5

Stopping pu + LN

Likelihood function of the event
reconstruction algorithm takes into account
the charge collected on each PMT, and the
time of arrival of the photons

E gelayed IMeV]
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measured at high energy and extrapolated [l Still 3 lot , |
at low energies assuming a flat spectrum J— Jm— oo RITITITIY
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Mo tivations 1

» Very few neutron measurements at shallow depths

- Important background for neutrino oscillation, double

beta decay, or dark matter experiments
- Measurement in Double Chooz near and far hall will

provide a crucial calibration point for the fast neutron

background model in MC
@ Cre Tt —4— Data
SI= 10 & w0 | e No oscillation + best-fit backgrounds
S|
mg ~——— Best fit:

sin’29,, = 0.091 at Am? = 0.00244 eV’

Accidentals
11 Lithium-9 + Helium-8

. Fast neutrons + stopping muons
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Events per i per Counter per MeV

KARMEN2

(surface)

1
3

(3200 m.w.e)

ke

25 30 35 40 45 50
Neutron Recoil Energy [MeV]

9



o

\\ \

Adrien Hourlier — APC — Paris — Chooz Meeting — 11/12/2014




Presentation of ]

CCD camera

He+CF4 bottle
Computer

Turbo pump

a0 Primary pump
Electronics crate W’ e

-
i” it 2
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‘,1\3&( g

15

TPC took six months of data in DC’s near lab
it has currently been taking data in DC’s far lab for one month
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Presenita

0.8 bar
CF4 (12.5%)
He (87.5%)
Cathode mesh
Drift cage

*

|

CCD camera

(160 V.cm™)

Primaly ionization track
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Anode plate
(2 kV.cm™)
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Event Read=ourlt

Raw E: 7321.53 keV Run 1039, Event 662 Anode Waveform
Run 1039, Event 662 21 c. %89.68 pix ) | | | ) . . | | |
10 width: 7.07 pix R S E— S oo RaW E. (amplitude): 5304.04 ke ...

250 Rise time: 4538.24 samp

1000

200 =
800 =
150 -
600 =
100 .
Run 1039, Event 662 Mesh Waveform
400 --------- Ra\;v-E-(areais-6066.38:ke\l-------~§ --------------
: : : Rise time: 572.41 samp :
50 : s e Tot?I.time:.4§644.65.s@mp.......,; ..............

200

-50

0 200 400 600 800 1000

Waveform read-out, on anode plate (top)

CCD read-out, 1s integration time and ground mesh (botom)

All three read-outs provide an energy measurement
I'he CCD provides the position and the projected length of the track
I'he WF provide the e collection time
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Spaut[iaﬂl Calibrati

|={1400
=1—1200
|

1000

o d |

b 200 400 600 800 1000

By adding up all CCD 1mages between two lid openings, we are able calibrate
the position of the camera w.r.t. the center of the anode and to get the
resolution of the images. (0.28 mm/pixel)

The lines with lower gain are spacers to keep a constant distance between the
ground mesh and the anode plate.
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]EX]P)@(Clt@‘(dl Ba

- B85/00

Low pressure gas + high CCD sensitivity
threshold : not sensitive to MIP
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* No atmospheric muon
* No gamma
* No electron
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only background : o from the rings and
from Radon outgasing from the vessel

v 18300

0 200 400 600 800 1000

Dead time induced by sparks and pos-spark recovery
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All]p]hhal comntaunni

2381J and 23°Th present in
the steel vessel decay into
~ 220Rp and 222Rn

Poloni um

Polonium 212 P
216
\ :mo

212

' |uﬂ Lead
208

We can see the o emitter

Radon daughter nuclei in the
TPC
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Buritlt=un energ

SR VE T e
- : 5.4 MeV — 222Rn :
; 7.6 MeV — 214Po
200 :_ ............................................ _:
| I T R Y R I | l | I .| ) I I B | l:

% 10 20 30
Observed energy Emesh [MeV]

Measurement of energy by integrating
the WF collected on the ground mesh

Resolution of ~10%
we can distinguish 1sotopes from
?22Rn decay chain

Biased by after pulses and pedestal
choice
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1onization track

Ltrack

CCD i1mage
Mesh+Anode plan

Lt'ra,ck — \/CCD%ange + (frdeposit‘/al'r'ift)2
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Dt s]p(e(e(dl e asuie

Lt'ra,ck — \/CCD%ange + (Tdepositvdrift)Z

N
o

Events with the same energy
(1.e. same length) are expected
to line up on a portion of circle
in the (projected length v.s.
vertical length) plane if we have
the right drift speed

Vertical length [cm]
O,

111111 .11111111111

5 20
Projected length [cm]

0
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z1D 1l<eln1<g1t]h1 Fecon

The energy/length correlation fits the
theoretical curve (red line)
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Vit = (1.334£0.005) cm.us!
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][qupnmo>\v<e<dl energy n

Much better energy resolution by using
the 3D length information on the track

(3% instead of 10%)

3D length-based energy

hElength I I“ (L IFTTTTTTTI | T T TTTI -I_—
e %] 1 Resolution of the fit limited by our
RMS 1.685 1 :
M o ° 1 knowledge ot the underlying neutron
Overflow 5 i
200 2/ ndf 1386 /253 [Py e 4 spectrum
Prob 0| | ]
N, 12.81+0.37 I
. 6.337 = 0.123 1 o from Radon decays are good
o, 1.84 + 0.10 - . . .
Nevp, 75.57 = 2.87 1 calibration sources at high energy, how
S, (%) 3.146 = 0.073 _ )
Nos 43.44 = 1.12 1 to be sure we don t have dlstortlons at
100 Nesg, 5258+ 0.495 1 low energy? |
O]HIII'"|IIIIIIIII|I"‘ Mot N
0 2 4 8
length [MGV]

Adrien Hourlier — APC, Paris — JJC 2014, Sete — 11/12/2014 23



Low ]Elnue:]ﬁg“

holding stick collimator nickel attenuated alpha

1 /

241 Am non attenuated alpha

241l Am source attenuated by a 4um-thick nickel source. We don’t know a priori
the energy of the o from 2! Am (source from a smoke detector) so we left out a
hole 1n the nickel, to measure the energy loss in the foil and have an absolute
calibration
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Low Energy calibrati

o rrrrrrd I | L hEIength

B ' Entries 775

30 - Mean 2.632

= RMS 1.18

B Underflow 0

- Overflow 0

B %2 / ndf 193.6 /194

~ Prob 0.4955

_ N, 18.9+ 1.0

20 3 3.781+ 0.019

— g, 0.3615 + 0.0138

B 19.85 £ 0.99

- M, 1.537 + 0.019

B G, 0.3793 + 0.0147
1 0 T O T . | O SO —
O » Ll | | I U N Y N S R | ]

0 10 15

Elength [MeV]

we measure AE = 2.24 MeV for an
unattenuated energy of 3.78 MeV,

this 1s compatible with a 3.99 um
thick nickel foil!
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(C<o>1nnqpaur[hm<

< 24l Am+Ni source
= Physics runs (@near hall o | |
ng10 A T Calibration points line up pertectly

on the expected curve and with our
data points :

Our length measurement 1s a valid
way of measuring energy for low
energies as well as high energies
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Absolute z calibration

Long drift — loss of primary ¢
— lower gain
— more diffuse tracks
— shorter reconstructed tracks

o expected:
e from the rings (fiducial volume)

 from Rn (gas — homogeneous)
 from Po (deposited — bottom parts)

We need to reconstruct the altitude of the tracks
to improve our energy resolution and reduce the
background
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Plamns fo

o Take data at the far hall

¢ Absolute z reconstruction

¢ Calibration altitude/visible energy

¢ Simulation of the TPC’s behavior

¢ Computation of the detection efficiency

¢ Neutron spectrum

¢ Move to US (MicroBOONE)
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Swunnounnal

¢ DCTPC’s energy resolution improved up to 3%

¢ We have a good knowledge of our background (better than
our actual signal!)

¢ Calibration at high energy comes for free!

¢ Calibration at low energy to make sure we don’t bias our
reconstruction

o Still a lot of excitement to come!
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