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Readout system for Neutrino detector
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DAQ/Online system

A online system

S |\ TIALISED EREANICEl INITIALISED A Java Gl ”
[#] ovDa INITIALISED

BOOTED

@& Double Chooz Run Control
File Config Command Help

@
D

T

 Pun settine:
Shifter : Tomowuki Konno HHITALEE S
Fun Number : 11198
INITIALISED

Fun Type DCGPHYS_RUN_DO
Description PHYSICS RUMN>» Default for Meutring Physics (266ns W

indow) STOP
Run Length 300 009000 / 010000 | | STARTED | O n I i n : m n it r (I Iv)
Comment Physics run 4} ﬁ

TRIGGERO M TRIGGEROFF

L
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| RUNNING |
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TNFOJ2012/01725 17-20] STATE OVDAQ STOPPING_MS B Fle Stow Coni e
[INFO][2012/01/25 17:20] STATE NuDAQ INITIALISED_S B e ot O M S Pt M e oo
[INFO)[2012/01/25 17-20] STATE OVDAQ INITIALISED_S ReStatelonitor e ) et e
[INFOI[2012/01/25 17-20] STATE RunControlServer INITIALISED_S state: RIS ID/IV-HV

ol

Page Zero
Total status OPERATING Last update: 2012-01-23 14:48:53
IDIV-HV
state : m Module status Monitored voltage Monitored current

update at : 2012/01/23 14:48:563

update at : 2012/01/23 14:48:51

Crate 0 Crate 1
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LVMon OPERATING. OPERATING

un con [ |
O tro update at: 2012/01/23 14:48:51 L

- QPERATING OPERATING
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Channels
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e e |
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vmon () imon (ua
FeMon it it
state: m Sl S Voltage deviation Current deviation

update at: 2012/01/23 14:48:49

update at: 2012/01/23 14:48:49

- NOT USED NOT USED
PowerStrip

state: m NOT USED NOT USED

NOT USED NOT USED
update at: 2012/01/2314:48:28

Channels
Channels

NOT USED NOT USER

NuDAQ Online Monitor NOT USED NOT USED

update at : 2012/01/23 14:48:52 Slet 15

04% 1o 050 0 050 14 . [ 5
(Vmon-Vset)Vset (%) (Imon-lexp)/lexp (%)




Commissioning & data taking

2011 2
Detector & DAQ
commissioning

2011 4
data taking




We are here now!
2007 . 2008 , 2009 , 2010 , 2011 < 2012, 2013  Timeline

- Construction Far Data Taking (Phask)
Data Taking (Phas2)

Cstr
Near

Far detector only Far + Near Detector

/(2008 5 ~)2010 10 \
2010 12
2011 4

2011 7 Outer Veto

2011 11

2012 6
2013




Data taking efficiency
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LED calibration system
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Energy calibration

e.g.) %8Ge

1.02 MeV

Guide-tube system
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Target gcatcher
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Double Chooz prelimihary
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Thermal power

DoubleChoozpreliminary
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A Bugey4 - ‘fission
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A Prompt event
I No Inner Veto Energy deposition
T Quand Qo < 0.09
I RM§,< 40 ns
i 0.7 <E,ompt < 12.2 MeV

A Delayed event
I No Inner Veto Energy deposition
T Quad Qo < 0.06
I RM§,,:< 40 ns
1 6 <EBjelayea< 12 MeV

A Time correlation
i 2>s<n ¢ 0 LINGBetaydd) < 106s
I (no space correlation)

B Quad Qot  RMQgian
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Neutrino Rate (day'l)

Neutrino candidate rate

Double Chooz preliminary cem Q===

A Rate :42.6 [day!]
A

A expectedneutrino rate



Observedv.s. Predicted rate
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A Accidental BG
A Fast neutron BG
A CosmogeniBG



Accidental background

A Delayed
coincidence window

A time window
coincidence
(Off-timing method)

Accidental Background Prompt event Visible energy

> L L B L L L I L L
£ 105 = Double Choozpreliminary =
S E
£ L 0.33 0.03[day?'] -
1] - _
B - ]
10'1;— ASs ot by + ++ —;
= ] Tt +1+ T cosmic>
B + * * ]
102 Prompt energyspectrum r
- byoff-timing coincidence
T S S (I
E (MeV)
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Fast neutron background

A Correlated background
A Prompt :

A Delayed Gd g
A Fastn & Stopping

A Rate:
A 0.83 0.38[day<]

A Shape :
A stopping> shape

-
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)
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cosmic>

Entries/500keV

0 5 10 15 20 25 30 35
Energy (MeV)



Cosmogeni®ackground

A Correlated background
.
9Li,8He
I 250msec Life time b+ n

( VETO )

A Muon-PromptDelayed signal
triple coincidence

A Rate:2.3 1.2[day]]
A ShapeMC (nuclear database)

-
N
I

DoubleChoozpreliminary

number of entries
o
[

sé— a } i ’

B i

2Ht |

OM N —{*;Ji-..;

N

visible energy [MeV]
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A .2test  Dbest fit
I Rate analysis : MC + background
i Rate + Shape analysig with covariance matrix + pull term

, a 4Reactors Bkgs ) 66 3 I . Bkgs o
— P n,R ~ A sigha etector stat
¢ _%\Ii_gga Ni +a.Ni (%)88353\/“ M M +aM|18
(; Q R b - (;
a AReactors Bkgs 60
3 _ A n,R
AN -ga N +aN (P)88
R —
¢ ¢ ) M 9" Signal covariance matrix
+ ReaCtors(P ) 5 gS(P ) (reactorn flux etc.)
a‘ 5 a‘ M detector. D : :
R b b . . etector covariance matrix

(E scale etc.)
P : Pull parameter varying the total rate of

neutrinos from reactoR M Statistical covariance matrix

P . Pull parameter varying the total rate of Mip : Covariance matrix for backgrouid
of background J *



Systematic Uncertainties

Source Uncertainty w.r.t. signal
Statistics 1.6%
Bugey4 measurement 1.4%
Fuel Composition 0.9%
Thermal Power 0.5%
Reactor Reference Spectra 0.5% 1.890
Energy per Fission 0.2%
IBD xsec 0.2%
Baseline 0.2%
Energy response 1.7%
BoelayedCONtainment 0.6%
Gdfraction 0.6%
Detector Ntein 0.5% 2.1%
Spill in/out 0.4%
Trigger efficiency 0.4%
Target H 0.3%
Accidental <0.1%
Backgrounds| Fast neutron 0.9% 3.0%
Li 2.8%
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=
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g 600 + -------- No Oscillation
= S Best Fit: sin’(20,,) = 0.086
Iz @A mi,; = 2.40-3 6V2
c Summed Backgrounds (see inset]
(3
> Lithium-9
Ll .22 Fast n and Stopping p
400 Accidentals
s
s 20
0
e
@ 10
o
200 I.E 0 N rrrmm I3
2 4 6

8§ 10 12
Energy [MeV]

-
NW\‘\\\\_\\H‘ \\H‘\H\‘\H\‘\H\‘HH‘HH‘\H\

100
s 581 S — 0=
E +
=R | R N S t
B
- =50 —
g L
© 2 4 6 8 10
Energy [MeV]

RateOnly fit: Sir‘H 3=0.104 0.030(stat.) 0.076(syst.)
Rate & Shape fit  siPH ;3 =0.086 0.041(stat.) 0.030(sys)
=) No oscillation excluded at 94.6%
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Near detector construction




Sinf2q, ; sensitivity

Double Chooz - sensitivity, no oscillations

— 90 % senS|t|V|ty

014:_ ....... ...... ....... ....... .......

0.12H - ...... ....... .......

01 I —
> :
> |
N |
“C 0.08
@ [
0.06F
0.04 -
- : ' . . : : ; : : : : i
0 0 _I L1 1 | | | ] | ] | ] | ] | | | ] | | | | | ] ]
I I N I R N N S N S N
POy TR ot g Tt T T T T Ty Tt

=

Dm?,, =2.5x1C e\?
(20%uncert by MINOS)

4 ACHOOZ limit:
SinF2g,53< 0.15

: AT2K result (N.H.):

0.03 < sif2q,; < 0.28

1 ADC result:

0.001 < sif2q, ;< 0.169

Data taking efficiency
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A DoubleChooz 2011 4
:
A 100
Rate+ Shape Analysis:
sint2' ,, =0.086 0.0416tat) 0.030(syst.)

No oscillation excluded at 94.6% C.L.
Rate only Analysis:

sirr2’ ;5=0.104 0.0306tat.) 0.076(syst.)

A 15  sinf20,,<0.06
I 2013
A 3 SirP2g,, < 0.03
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P(v,— ve) (Accelerator)

0.1

0.08

0.06

0.04

0.02

ZULl1l/11/Z1

Sin22923=0.95

 0>T/4 | O3<T4
AMZ,<0 Ju—

L=300km

iguity

0.03 0.06 0.

Degeneracy solved!

09 0.12 0.15 0.

sin22045 (Reactor)
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non-zeroq,
12K 2011 ©

- —4— Data

= _ <

S 3¢t

S ,

Ln

% (MC w/

) §in22813 = 0.1)

£ 2] Tt |

% 6 candidate events

S remain after all cuts !!

E T % (NP = 1.5 + 0.3 at sin°2613=0)
0 1000 2000 3000

Reconstructed v energy (MeV)

A2.5s significance of noizeroq;,

A0.03 (0.04)< shm 4,< 0.28 (0.34) @90% C.L.
for normal (invertedhierarchy
0 N2Y%=2.4 x1 e\, 1 50, SiftH 5;=1.0 )
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Fraction ofGdcapture

232¢f Data Delayed Signal

.?g‘ 10 Double Choozpreliminary
z Gd
s Data
) Gd+H A 252Cf
10 / s Gd+Gd
2 Gd
10

E M NH A e o

Visible Energy(MeV)

22cf MC Delayed Signal

Z o " Double Choozpreliminary
;. MC
) A bt )

gl U1 W

Visible Energy(MeV)
2011/11/21



Delayed energy spectrum

A Selection of neutron capture c@donly

1000:||| ' rrroop e T
900~ Double Chooz preliminary_i

800§— —4— Data —f
700- ~
600 3
500 + =
400"
300"
200"
100E

Events/0.25 MeV

I I R | | I I | | I I | 1 :‘
% 7 8 9 TREEIRRET:
Delayed energy [MeV]

A Delayed energy cut efficiency : 86.0.6 %



252Cf neutron multiplicity

A Important verification of the neutron detection efficiency

A Average neutron multiplicity
Data : 3.659 0.008 (stat.)
MC : 3.677 0.013 (stat.)
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