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** Energy response to low energy recoils

. Absolute calibration

. Comparison of relative and absolute calibration

. Reconstruct recoil energy using absolute
calibration

*»* Impact of energy resolution on discrimination of
nuclear recoils from electronic recoils

* Fano factor for electronic recoils and nuclear recoils

 Discrimination of nuclear recoils and electronic
recoils based on Fano factor



Question in the Relative Calibration

Relative Calibration:
Electronic Recoils: E.rr = aEp a=1

_ #NHF/Eng
eff — #NSE/EER

Nuclear Recoils:  Egrr= Lers X Eg L

Lesr=mXpu
n: Lindhard quenching
p:Hitachi quenching

This assumes the detector response to electronic recoils is
linear below energy 10 or 122 keV, which is not true from a
measurement by L. Baudis et al, Phys.Rev.D87:115015,2013




ER: Relative Scintillation Efficiency
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This behavior can
be described by
Birks’ Law:

a?"
R, =

dE;

1+ kB, 7!

a,-and kB, can be
determined using
the experimental
data shown in the
plot.




NR: Energy Response Function

* Lindhard quenching: E.-r = Ex X1, n = 1fi;]ig))
R
e Y / a
* Birks’ Law: Evis = Eerp XV, v = dE
1+de—exff

total scintillation efficiency: n X v

l

An absolute energy calibration




Determine o and kB

Data points are from L. Baudis et al, Phys.Rev.D87:115015,2013
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energy decreasing
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NR Relative Scintillation Efficiency
in Comparison with Absolute Efficiency

E,;s ! Evis _ a XM
Br Fr kel
15 * Lindhard quenching
21 predicts scintillation
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e Normalize the

data to absolute
energy scale,
the agreement
between the
data and our
model is
reasonable.



NR Energy Reconstruction

 Relative calibration:
#Npe
Leff#Npe/EER

Eng =

e Absolute calibration:
E;, (s S
Eng ==, (_1 + )
nv \&1 MyrEext
If #Nigg‘ — 3, 52 — 50, €1=0.14, Mf - 2455, Eoxt = 065 ’ENR = 6.8keV

€1: the product of photon detection efficiency and photoelectron
guantum efficiency

Eoxt: €lectron extraction efficiency

M;: photon multiplication factor
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Energy Resolution and Fano factor
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Ostat = \/WL(E)F(E)E

/

T.Papp et al, Wiley Science, DOI:10.1002/xrs.754

Different sources of
fluctuation in the
signal chain
contributing to the
overall energy
resolution

Energy dependence of

. O'(E) c
resolution: — 1+ Cy
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Formulism for Fano factor

E, (W; 600210
Fy = \/_x (_l — ) g T 1
m Eg \Eg gsuu:—
Fn — Z(l + E(FN _ 1)) 3400;— Electron Recoils
=1 suuf—
« If E, = 23, with one 2"";_ e
PMT, E, = 0.95, 100~ j
Then, about 24 PMTs NSRRI st iy n
. 0 02 04 06 08 1 12 14 16 18 2 22
are triggered. Value of Fano Factor
e If Fy =0.059, € = 9%, * Nuclear recoils Fano factor is
E, = 0.91 for one PMT. always greater than that for

electronic recoils.
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Discrimination on ER and NR
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Conclusions

Energy response to both electronic recoils and nuclear recoils
are non linear.

Due to high ionization density at low energies, additional
guenching is involved.

Absolute energy calibration requires low energy electronic
recoil calibration.

Fano factor dominates the energy resolution in the low energy
region.

Average energy per electron-hole pair leads to the difference of
Fano factor between NR and ER.

The difference in Fano factor impact on the nuclear band width
and electronic recoil band width.
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