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This talk: 


Impacts of the R&D to enable 
1% energy resolution at 2.5 MeV 
in kTon LArTPCs using 
photosensitive dopants.

💉Xe

`Depleted argon


 Xenon doping at 2%


 <3% energy resolution
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Charge Light

To collect the most energy deposited in the LAr we 
could convert the light to charge


Introducing photosensitive dopants will cause light-
to-charge conversion
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Fig. 1. Charge collected as a function of electric field for 5.5 MeV alpha particles in pure LAr and in LAr with a variety of dopants. 

is due to the range of the pho ton  becoming  a substant ia l  
f ract ion of the gap size. 

The effect of pur i f icat ion of the argon can be seen in 
fig. 3, where the responses for T M G  and allene are 

shown for purif ied and  unpurif ied argon. The improve- 
men t  with purif icat ion is most  p ronounced  at low elec- 
tric fields. 

The improvement  in the response to beta  particles is 

I 
w 

8 

6 

4- 

2 

wlo 
(9 B 
OC < G 
I 
0 4 

IO 

I I I | I I I I I I I I I I I I I I I I I 

TMG Ge (CH a )4. 
5 . 5  MeV a - P A R T I C L E S  

I 

PURE L A r  
/ /  

/ ' / /  l : 7 2  ppm 
/ K: 15 ppm 

/ / /  Ill: 3 ppm 
/ . /  ~ :  0 . 6  p p m  

/ 
s 

I I I I i I I i , , , I  I I I I ' ' ' ' I  I 
810 -2 2 4- 6 810 -I 2 4- G B I 2 

E (kV/mm) 

Fig. 2. Charge collected as a function of electric field for 5.5 MeV alpha particles in pure LAr and LAr doped with TMG at different 
concentrations. 
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Photosensitive Dopant Concept Charge Light

To collect the most energy deposited in the LAr we 
could convert the light to charge


Introducing photosensitive dopants will cause light-
to-charge conversion
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This technology enables 
LArTPC physics accross 
energy scales ❕
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MeV-scale Energy Resolution

MeV scale energy resolution improves by 5x. 


Enregy resolution would be sufficient to resolve 
0νΒΒ signal. 


Simulation of charge enhancement in a full LArSoft 
LArTPC detector including: 


wire noise, microphysical effects, detector response, noise 
filtering, signal processing, and energy reconstruction


Conservatice assumption:  
No improvement from nominal DUNE charge readout 

Noise level SNR = 20  or ~ 300ENC 

1% Energy Resolution at the Q value

Doped Ar Pure Ar
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Thresholds

Energy resolution improves by x5 from 
tagging protons & neutrons  Lower thresholds from 1.1 MeV to 10keV 

Supernova energy range

GeV (accelerator energy range)
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Overcoming recombination

200 V/cm

Stopping muons and protons

ICARUS 
Collaboration

Nucl. Instrum. Methods. 
Phys. Res. B 355, 660 

(1995).

Supported by ICARUS 
Photosensitive dopant data

Energy resolution imprtovements for low energy protons.

The non-linear response usually 
requires a recombination 

correction for energy reconstruction.


Doped LAr yields a more linear 
detector response. 
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Physics this enables
Energy resolution improves:

Enables 
pointing 

resolution 

Enables physics 
program 

Enables p & n tagging, pointing, and may enable 
sensitivity to coherent neutrino scaters 

Improves E 
reconstruction.


&

 Enables access to 
the 2nd oscillation 

peak. 
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Calibration for low 
energy signals 

Impact of contaminants 
on dopants

Charge enhancement 
w/dopants + Xe

Concentration 
characterization

Survival of VUV light 
signals in dopants

Characterization of 
VUV in dopants + Xe 

Characterization of 
charge in dopants + Xe Removing dopants 

Removing Xe

Energy resolution 
measurements

Energy resolution 
linearity 

Stability of mixture

Interaction dopants w/
filter

Xenon doping stability

Characterization of pixel 
readouts at <10MeV

Charge enhancement 
w/dopants

Dopant demonstrationR&D Necessary 
Nucl. Instr. and Meth. A 242 (1986) 256

D.F. Anderson

TinyTPC 

(next talk)

Talk to us about 
collaborating on this R&D! 

arxiv:2209.05435, Accepted by PRC
E. P. Bernard, et. al, 


