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Internal calibration of
the Stereo Detector
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Flavour eigenstates do not correspond to mass eigenstates|
3 Flavour ,~ ( Ve Vy Vr ) # ( Vy Va2 V3 )
Defined flavour Defined kinematics
(production /detection) (propagation

| Transformation of basis through unitary matrix

Uel Ue2 Ue3 121
U,ul U'ug U,u3 . V9
U’T]_ U7'2 U7'3

Matrix elements in U contain:

Oscillation angles Squared mass splittings
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" angles notat scale = _ Are oscillation frequencies
| Are oscillation amplitudes
%
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- Reactor Antineutrino Anomaly - € " . Best Fit Parameters -
Reevaluation of reactor i, spectra +6% [1] S Sin2(29new) —0.11

Survival Py, 5, = 0.940 = 0.024is ~ 30 from 1 IAm2.|= 1.6 eV

l’leW

Why the deficit? New oscillation into a sterile state? .
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Q Oscillation phase shift inside the tarGet S LIPS

6 cells filled with Gd-loaded
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a Detectlon process - lnverse Beta

Decay (BD)
) 10
Neutrinos interact via IBD:
\ Ee =+ P — €_|_‘|‘

Two signals in coincidence:
Prompt signal: energy reconstruction
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..  Delayed signal: coincidence with

prompt guarantees IBD

21//,- - (U, b
A - Prompt Signal -
e+ jonisation + annihilation E.+ = [1,8] MeV

. Oscillation depends on E, = E.+ +0.8 MeV

v\ = - <R A | Q resolution: ~12%
: Delayed Signal : | (RMS for 2 MeV e™)

N n-capture on Gd releases”'s :E:E7 =8 MeV |
time separation from prompt At ~ 15us w s To Ts 2o 25 30 35 40

Visible Energy (MeV)
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\iﬁ\/ﬁﬁ calitbration L Stereo

Different gamma emitters are used in Stereo as calibration sources

«yg-g‘,“;caps 24 Capsule NO2 ‘ |Sotope ACtIVIty Y - energy (kEV)
Ge-68 90 kBq 2x511

Cs-137 37 kBqg 660

- Three different calibration systems - Mn-54 90 kBq 830

Internal tubes inside target cells. ‘ Co-60 50 kBq 1170 & 1330

External mechanical system. Today’s topic

Rail underneath the detector. AIHEE 3.3kBg 1120
Sbh-124 2.4 kBq 600 & 1690
*Broad range of energieg allow a good coverage of
energy range. Na-24 5.9 kBg 1370 & 2750
* Low energy sourceg to account for quenching. AmBe 250 MBq (n 4400 + n

: .. : : ~kH
High activity neutron emitter to calibrate for 2 o
Cf-252 50 kBg (n ~kHz) fissiony + n

coincidence gignals.
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3 tubes are placed in 3 different cells (1,4,6) ingide the Target j \
Mn54 Data in cell 1 at 450mm Mno? Dala [ eoll 3 at 450mm Mn54 Data in cell 6 at 450mm ‘ =
X *Indf = 43.54/28 ) " SIDE VIEW
S I | |, . Cell6 Cell5 Celll4 Cell 3 Cell 2 Cel T
omsomn A | x | ' 1 oc
T | O | n s | =
STEREO : STEREO A8 . 8 | ' e :E)
Preliminary . Preliminary . ] G) ' B0G B0pmm (1) Ll
July 2017 " July 2017 ' : A o

—

( For every tube, 5 different heights used ag pogitions for the calibration sources: study z-axis )

| |
. "
. - 004 - -
%u ; )
250 200 250 h |
Qcell (PE) Qcell (PE) Qcell (PE) .

Response \\
@- Attenuation length of the liquid scintillator above 6 meters - small z dependence. ‘
e Target cells with very similar response, except for cell 4 which has a ~50% lower light collection
efficiency due to leak of the buffer aguarium affecting the optical coupling of the PMTs.
\\\ * Intermediate cells (2,3,5) can be calibrated as well. ,U
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Eljllﬂ Ewerg 5 reconstruction

To translate from Q collecfed at the DTMs to ac’rual 2 QTEREO needs a dedlcated energg reconstruction |

* The aharge collecfed in a ce[l i ig proporhonal to the hgh]L produced in that cell and the llghf leake from nelghbourmg
cellg: Qz — Z E;_iep > > _ Z ch-lepsz'
J J

are the calibration coefficients for Cell j and Lji are the Light Leaks from Cell j to Cell i

* Inverting Miji and golving the equation gives the final Edep ag a sum of contributiong of all cells.

MC-Data comparison for Mn@Cell6/z45 : BG removed

- Advantages of Energy over Charge - K '- Preliminary

" July 2017
Stabilise detector response
Direct comparison Data-MC

Allows topological cuts

How do we calculate | |?

How do we calculate 2?2 ! B 1

Reconstructed Energy (MeV)

Calibration in STEREO ’ Christian Roca Max-Planck-Institut fur Kernphysik




X O AT P = ¢ -
- - A \ 4 . { K -
. § ‘\('4 'f—)_) v,\f' . \ ., . A e

2. ApplyELC and fit Data and MC cell’s
deposited charge spectra. Get deposited |

charge for Full Energy Deposition events
Qp , @

[. Use Light Leaks to create an Energy Leaks Cut
(ELC) for Data and MC charge distributions.
The main idea is to filter a¢ many Full Energy

Deposition evente ag posgible.

4. |fMC and Data match, calculating

0| 3. From MG, obtain True Edep (Etzep)

i Q@ @G
calibration coefficients i defined as — corresponding to the deposited charge
CC=Qrc/ Etdep Qe caleulated in 2.
C"- ;“’ i i :r ‘.) ‘Q?_f, (J ;/ k—r\ =
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TE R Gewneral concepts to find CC

DA - ° B O\ 2

. Use Light Leaks to create an Energy Leaks Cut |5 ) Apply E d fit Data and MC ceW

| (ELC)for Data and MC charge distributions. | =t deposited etiafge spectra. Get depos

F The main idea i to filter as many Full Energy 3 =~ chargefo t Full Eneray Deposition evin’rs
Depossition events ag possible. | o, @)

| =25
s N\

4. . FME4rfd Data mateh, ealeulati @ AT From MC, ohtain édep (E Tdep)
4 \éaligiﬁfion coefficients is‘aeﬁrﬁe as 7 corresponding to the deposited charge
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Energy Leak Cut
SEmoE—O ., o WS TN

Charge collection in a cell can be affected by two different processes:

1. Gammas produced in cell A can escape to cell B and deposit energy there - Energy Leaks (EL)

2. Scintillation light from produced in cell A can be collected in cell B - Light Leaks (LL)

5

P,

' E«wm«;; t

7 [l
Escaping gamma

L

No Full Mﬂ_@ﬂ_@gﬂ@ﬁr‘r‘la
\ _ Energy Loaked light
Deposition!

2.. When only light leaks happen there i
FED in the cell

- | . When Energy Leaks happen there is no
Full Energy Deposition (FED) in the cell

- T o . y

A cut on Energy

leaks helps rejection of
events with no FED

—
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Energy Leak Cut
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Charge collection in a cell can be affected by two different processes: \

(
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1. Gammas produced in cell A can escape to cell B and deposit energy there - Energy Leaks (EL)

2. Scintillation light from produced in cell A can be collected in cell B - Light Leaks (LL)

Y

T Ly % ﬂ
Escapmg gamma ( Full Energy Deposition (FED) )
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Cons of using a cut

Since LLs and ELs are technically indistinguishable:
- Cells with different LY do not contaminate each other. - Cutting too strongly will cut FED events that leak light

Pros of using a cut

- Direct comparison with FED events MC. away. Bias on the final spectrum.
‘Allows intermediate cells to be calibrated. ‘How Iarge are Light Leaks in Stereo?
_ & s 1
’\ 7 i Nl - e 7] ‘
How do w tain a value for the Light Leaks in Ster
‘~.-;~' N : : S
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-Cosmic rays crossing one cell leak light to

neighbours proportionally.

- Fitteable correlation between light produced in
FED cell and neighbour.

- Evente below cutoff (blue line) correspond to
Light Leaks.

(*
(O

GC Rear -> Cell6
Cell 6 -> GC Rear
ALL neutrino Runs (even small ones)

Internal Calibration in Stereo
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Npe Cells Cell3 Vs Cell Cell2

Charge in Cell 3

6000 8000 10000 12000 14000
Charge in Cell 2 .
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[. Non-calibration runs of the detector are partially

used to monitor cosmic rays. Light Leaks
information over time can be uged to estimate time

(*

evolution.
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T |/ , qeneral cowaepts to ﬁvwl CcC

We Light Léaks to crea alyEnergy Leaks Cut [RSIHSH 2. ApplyELC and fit Data and MC cell’s

| (ELC) f #fge dlstrlbuﬂons ~&=Ens | deposited charge spectra. Get deposited |

F\\ The main idze Q ilter as many‘Full Energ'g = charge for Full _Energg [?eposiﬁon events
Pi on events as posslbl ) Qp , Quc
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Counts (a.u)

(*

[. Choose as Energy Leak Cut to reject events: W
Q; > Qdet €
(1+Zi7éj LL;;+Coij)
Where iis the cell being calibrated.
C is a variable parameter to sean.
LLij are the correspondent LL from cell i to cell j

—— Data 2017.01.27
Monte Carlo simulation
u, = 185.5 + 0.3 PE
w =187.7 £ 0.2 PE
MC
r=0.99

Internal Calibration in Stereo

Charge in Target Volume (PE)
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- The ELC depends majorly on the amount of LLs
that Stereo has at the moment of calibration.

g

- As C increases, the cut loosens up allowing more

events. Tuning C is crucial.
1A %)

2.Caleulate @p(C,@) and @umc(C,a)
as average of charge within the
range {a-p, »}, witha=[0.1,(.0]
to be seanned.

* Use normal statistical deviationg;; —
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We Light Léaks to crea ayyEnergy Leaks Cut [Nl Apply E d fit Daf and MC CQW

| (ELC) f #fge dlSﬂ‘lbUﬂOl’\S " deposited afge spectra. GCet depos

F\\ The main idze Q ilter as many‘Full Energg < charge fox\:full Eneryy Deposmon elents
Pi on events as posslbl )
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. [FMC arfa Data match calcula 3. From MC, obtain True Edep (Etdep)
callb tion coefficients is defi nhe | : corresponding to the deposited charge
| | Quc caleulated in 2.
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—4— Data 2017.01.27

~
Q ﬂ O -] Monte Carlo simulation

" u_ =185.5+ 0.3 PE

) © D : : :

V / ~ w =1877+02PE | i 4 [T T SRR

" MC :

r=0.99
)
=]
o, 3
o)
(&)

3. From MC Charge distribution, | =
select the corresponding True

Deposited energy digtribution.

- > ' z s
.. .. . I T Y :
: | / * .
00
. harge in Target Volume (PE)
H F A
T u . | .
e, ® e, o, . %
— J — — B 084
& )

3. Obtain Etdepas the average of
MC True Energy Deposition.

0.8

0.79]

0.78
\_ .
° -4.' e, : o, : 0.77
: 0.76 !

w ' 220 240 260 280 078 180 180 200 20 240 260 280 ) 360 380 400 420 440
Qcell (PE) — Qeell (PE) . Qcell (PE)
€ _a=0.38 a=0.75
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E |/ ’-\;;\ C(CWC ral co V\’OePtS to ﬁV\'d CC i

e nghf Leaks to creafp/an/Energy Leaks Cut (B 1 ApplyE d fit Data and MC ceW
| d #fae dlstrlbuﬂons , £y deposh‘ed afge spectra. Get depostied 4

\

ilter ac mang‘Full Energg | - charge fov\Full Energg Depogi’r.fbn evg\nts

kﬂﬁ 1 D (ﬂ[ﬁ

4. [fMC and Data match, caleulating V H From MC, ohtain édep (E Tdep)
calibration coefficients is defined as | = \  corresponding to th%deposlted charge
CC= Qn(C.a)/ Etdep 1)) | %alculatg W, 1 )

Q!
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Ccaleulating calibration
Coeffictents

N > o e

/

L/

CC(C,a)= QeiC ol fE,,

| 4. Toobtain CC find the most stable combination of {C,a}, follow some
: heurigtic rules:

() Too etrict ELC (C < 2.0) biacee @ p(C, @) +o high energies - cutting LLe '

agymmetrically. . 9
(1) Too looge ELC (C > 5.0) accepts too much Energy Leaks. Specially bad for R
intermediate cells where gource ig not deployed. 0
(I Short cutoff on charge (a > 0.9) will cut FED peak and generates unetable CCe |
(IV)  Long cutoff on charge (a < O.6) includes too much non removed Energy leaks [
that ig not pregent in true enerqy distribution

-y T
I | | . D) . ) .“"'.A. /'l' S =
B i oy < 2 b Ay [f [
— 07 0
.

ﬂ;_;

444444
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Coefficients N

Cell 1 - 22.11.2017 Cell 2 - 22.11.2017 Cell 7 - 22.11.2017
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350
220

02100 300 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 02100 300 400 500 600 700 800 900 1000

LL cut c (in %) LL cut c (in %) LL cut c (in %)

= =3 =/ 11 = T E=2777

- Look for the regions where CCs are most stable. Relatively " Contribution
- Large a gives unstable CC for the different LL cuts c. stable areas in | .erm !ower
- Large LL cut ¢ gives unstable CC for different cutoffs a. A e  scintillation cells z
= 2
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Conclustons
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Stereo aims to observe a sterile neutrino 1 Heuristic arguments applied to find stable area in CC parameter |

oscillation signal. For this purpose, adedicated |l ¢page. Relative stable calibration coefficients found.
Energy Reconstruction needs to be performed.

Qi — ZE;lep X CCJ X LL_]’L
J

STEREO
Preliminary
July 2017

Good Energy Reconstruction is crucial

Oscillation phase shift inside the target

(B e B ey e T
no oscillation

in the closest cell
in the furthest cell

0.95

[ = | el
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
Reconstructed Energy (MeV)

observed/expected events

for the RAA best fit parameters
e T YN e N W W IO TNV [ VOO WPV S [V P |

1 2 3 4 5 6 7
visible energy (MeV)

pectra (arbitrary normalization)

- =N 4 = S
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