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The intense neutrino pulse, released in the final stages of a supernova (SN), may be observed by low

energy neutrino detectors. It is of great interest to measure the flux of all flavors, since the shape of L.(E), carried out at the neutron facility of the PTB in Braunschweig for a set of different LAB based

The light response function L(FE') for protons is measured relative to the electron response function

the overall spectrum can reveal new information about the supernova mechanism [1]. As the mean v
energy is below ~30MeV, charged current interactions are only possible for electron type neutrinos,
leaving only neutral current reactions as possible detection channel for all neutrinos. The only neutral
current channel providing spectral information is v—p elastic scattering [1], a viable channel for liquid

scintillators. Free protons are intrinsic to the scintillator and accelerated due to n—p scattering induced
by beam neutrons. Via time—of—flight selection the neutron energy is determined, which is identical to
the maximum proton recoil energy. The resulting proton response data covers 1 MeV to 17 MeV and is

o _ _ : a Vs _ fitted with Birks' law (2). The energy scale and electron response is defined with standard radioactive
scintillator detectors like SNO+-. However only a fraction of the deposited kinetic energy of the highly calibration sources with in total six gamma lines between 0.5 MeV and 1.8 MeV. For electrons of these

lonizing protons is visible d.“? to quenching .effects. To reconstruct the true kinetic proton cnergy L, energies, the electron data can be fitted to the linear approximation (3) of Birks' law due to their small
from the visible energy E}** in SNO+, the light response of the linear alkylbenzene (LAB) scintillator stopping power dE /dX .

to protons has to be known.

Data analysis

Relative light response B The presented proton data points are measured by locating the lonization quenching is well-described by Birks' law (2) and can be
s [T T maximum proton energy E'" = [, in the recoil spectrum quantified in terms of the parameter product £, known as Birks'
2 10 * clection daa ” _| after scattering with beam neutrons of selected energy F,. constant, and a quadratic correction parameter C' [2]. Setting
S p clecrondaaf - B The presented electron data is gained from locating the edge the scaling parameter .5 = 1 gives the light response in electron
[ Proendai __ 5 [ equivalent energy.
i i = i (1) The measurement is performed for different LAB scintillators as
o N 0.511 +2F, listed in the table below together with the fitted quenching pa-
- - in the Compton spectrum of the six 7's of 137Cs, 22Na and 27Bi. rameters. The uncertainties are at 1o, the upper limits at 95% CL.
4= - M Proton data is fitted with the response function after J. B. Birks: LAB admixture LB 9
i - E [ IE JEN2] ! [cm/MeV] [cm?/MeV~]
2= ] L(E)=S / de |1+ kB (dX) -C <d—X> . (2 2g/I PPO, 15mg/I bis-MSB|0.0097 £ 0.0002/ < 5.0 x 10~
:‘A‘/ AR T2 OIERO TSmO EE 4 . i i 2g/I PPO 0.0098 4 0.0003 | < 4.0 x 10~
T e Te RS B - B For the electron data fit, (2) is approximated, as dE/dX =~ 0: 3g/l PPO, 15mg/| bis-MSB 0.0098 + 0.0003 < 1.0 x 10~ '
E [MeV] L(E)~S-(E—Ey). (3) 3g/l PPO 0.0094 + 0.0002 < 6.5 x 107 °

Discussion

True SNv-p elastic scattering event spectrum SNO+ detector properties: Visible SNv-p elastic scattering event spectrum
T o B e e Target N, | AE/E kB C — 500 e e O e L
> I _\6)1” flavors - [10°Y]|(E in MeV)|  [ecm/MeV]  |[cm?/MeV?] D 450 || _3” flavors 5
% 0\ v: = LAB+2g/I PPO| 5.9 | 5.0%/+vE |0.0098 &+ 0.0003 0.0 i 4002@— ....... v: =
O u 2V, i LLJ = _ SV, E
% 250 E The SN is assumed to occur at 10 kpc, releasing a total energy S >0 :
=y E of 3 x 10” erg equipartitioned among all flavors. The mean en- © 300;__ E
- . ergy of the different flavors is set to 12 MeV for v,, 15 MeV for 250 =
150 — Ve and 18 MeV for the rest [1]. With N, free protons in SNO+, 2000 ~98 events above =
1005_ E the expected p energy spectrum (from v—p elastic scattering) is 150 0.2 MeV threshold E
- - shown on the left. The observed spectrum shown on the right, o E
= - though, looks due to proton quenching markedly different. Re- E .
SR - garding quenching and a threshold of 0.2 MeV, set by the intrinsic S E
0 — > 3 P 1C background, SNO+ is expected to observe ~98 SN v—p elastic oy I R §
E, [MeV] scattering events. Ep” [MeV]
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