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very rare events searches
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What this is, what this is not
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This is a proposal for an R&D with which I applied to 4 grants, 
in collaboration with (some people from) LNF

This is not an approved experiment with funds and a collaboration

3 yr for PI + 3 yr for a postdoc 
800k budget (including salaries) 
results?????

3 yr for PI  
no budget 
results????

2 yr for PI  
75k/yr budget 
apertura sigla in CSN5 
results by end 2014

2 yr for PI  
19k (+15 k overhead) budget 
results by February 2015

Full endorsement from LNF 

Already in contact with BTF community for future upgrade of the facility, 
that could benefit NITEC calibration (improvement in the neutron beam line) 
Already in contact with the directional DM gaseous detector community 
(DRIFT collaborators already provided us with gas system specifics and 
safety issues)
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The concept
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Gaseous TPC
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To exploit gaseous TPC 
PID capabilities 

From DRIFT experiment
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Negative Ion concept
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Mixture of target gas + electronegative 
gas (typically CS2) 

Primary ionization electrons are 
captured by the electronegative 
molecules at O(100) um 

Anions drift to the anode (where normal 
electron avalanche multiplication occur) 
acting as the effective charge carrier 
instead of the electrons 

Thanks to the much higher anions mass 
w.r.t. electrons, longitudinal and 
transversal diffusion can be reduced to 
thermal limit w/out any magnetic field 

< 0.5 mm diffusion achieved over 
0.5 m drift length (NIM A 440 355, NIM A 463) 

w.r.t. 10 mm obtained with 
electrons To address TPC typical 

volume limitations
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Amplification & Readout

https://web2.infn.it/GEMINI/index.php/gempix-detector For the state-of-the-art 
amplification & readout

GEMPIX

Developed by LNF in 
collaboration with CERN

https://web2.infn.it/GEMINI/index.php/gempix-detector
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GEMPix performances
5ns time resolution, 200 um spatial resolution, sensitivity to single ionization cluster, 

possibility to measure time AND charge for each pixel cluster at the same time

Possibility of customizing GEMPix to our needs for the full length prototype in 
collaboration with LNF electronic department, starting from the results of 

Phase I (see later)
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Time Expansion Chamber
At moderately high reduced fields, anions drift at about 100 m/s, compared to about 
104 m/s for electron in typical atmospheric pressure drift chamber conditions 

Excellent GEMPix time, energy and spatial resolutions 

Slow anions speed + typical separation of primary ionization clusters in gas + GEMPix 
performances = Time Expansion Chamber 

Single ionization clusters drift slowly and can be individually observed with high precision: 
a relative time expansion between ionization process and signal readout has effectively 
been achieved 

Single ionization cluster observation can provide excellent dE/dx information, 
improved position resolution and possibility of superior energy resolution for low 
energy radiation (< 1 keV) 

“The Time Expansion Chamber and single ionization measurement” (A.H.Walenta, IEEE TNS 26 73)	

“Suppressing drift chamber diffusion without magnetic field” (C.J.Martoff et al, NIM A 440)

We believe that all these features combined will allow low energy threshold 
(~< 30-50 keVnr) and good 3D track reconstruction WITH directionality
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Applications
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What to do with NITEC?
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Highly reduced diffusion of the event image carriers thanks to their higher mass 

Larger allowed drift distances, hence active detector volumes 

Slower drift bring improved tracking and energy resolutions 

State-of-the-art readout 

GEMs high gain combined with high stability 

Pixel readout for high spatial, energy and time resolution

Directional DM detector

Neutrino-less double beta decay detector

OR

what the grant requests are about
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Ultra High Energy resolution NITPC
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A NITEC capable of counting each primary free electron liberated in a Xe gas by an ionizing 
event, will approach the intrinsic fluctuations in the conversion of energy to ionization 
[D.Nygren, JPCS 65 012003] 

Even with counting efficiency significantly less than 100%, a 5 x 10-3 FWHM energy resolution 
could be achieved 

A good capture agent for HPXe would be Nitromethane (see later) 

First tests with a 17 bar Xe conventional TPC show very encouraging results (1% FWHM)      
[A. Goldschmidt et al, IEEE NSSCR 1409]

This kind of R&D is not included in 
the grant requests due to the 
limited timescale and budgets

conventional 
TPC

NEXT collaboration R&D
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The project: 
directional DM detector 

proof of concept
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As in the SIR grant request
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3D track reconstruction, possibly with sense determination (not available to all 
experiments and for most limited > 100 keVnr) 

Lowest possible energy threshold (current >= 50 keVnr w/ directionality, >=20 keVnr 
without) 

Possibility to be scaled to large active mass with low costs (all except DRIFT 
limited to <= 25 cm drift length) 

Current experimental challenges

Gaseous Directional DM Detectors
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Negative Ion Time Projection Chamber ---> to overcome conventional TPC volume 
limitations (~> 50 cm drift length) and improve position and energy resolution 

Triple GEM amplification with pixelated readout ---> for the state of the art spatial, 
time and energy resolution (sense determination via charge and dE/dx measurement along path) 

Explore the use of Nitromethane (CH3NO2), recently suggested as a more 
benign, lower Z electron capture agent --> possibility of using NITEC as X-ray polarimeter 
in the 1-10 keV band or neutrino-less double beta decay detector and easier gas handling 

NITEC main features:

Gaseous Directional DM Detectors

C. J. Martoff et al, NIM A 598 
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Nitromethane is more benign and 
less dangerous than CS2 

With Nitromethane, NITEC could 
be used also as  

X ray polarimeter @ 1-10 keV (lower Z 
gases produce clearer signals) 

Ultra high energy resolution (~0.005 
FWHM) NITEC for neutrino-less 
double beta decay (better E.A.)

Nitromethane as alternative electron capture agent

CS2 CH3NO2

Already in contact with DRIFT community, who 
provided us with their gas system specifics and 

safety issues



E. Baracchini - NITEC: a Negative Ion Time Expansion Chamber for very rare events searches ���16

Staged Approach

Full experiment project & simulation

https://web2.infn.it/
GEMINI/index.php/

compact-tpc

3 x 3 cm

10 x 10 cm

https://web2.infn.it/GEMINI/index.php/gempix-detector
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Staged Approach

BTF @ LNF

XLAB @ LNF

BTF & XLAB measurements fundamental in order to asses small and full length prototypes 
overall performances and response to signal-like (n@BTF) and background-like particles

XLAB @ LNF

XLAB @ LNF

BTF @ LNF

https://agenda.infn.it/conferenceDisplay.py?confId=7359

Already in contact with BTF community 
for future upgrades of the facility

https://agenda.infn.it/conferenceDisplay.py?confId=7359
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Expected performances
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A close cousin: D3 experiment

arXiv: 1110.3444 
arXiv: 1110.3401
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D3 prototype performances
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D3 expected sensitivity
arXiv: 1110.3444

Directional sensitivity to low masses AND non directional sensitivity to VERY LOW masses
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Two words about  
neutrino bound
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Beyond neutrino bound
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arXiv:1406.5047	

from DMTPC collaborators

DM event 
angle vs 

recoil energy

DM angle vs 
time

Neutrinos event angle 
vs recoil energy

CF4 detector with 5 
keV energy threshold 

for a 6 GeV DM 
particle

p(angle)

p(E recoil)

s = 10!
b= 500

background!
signal + background

DM (10) + neutrinos (500) 	

angle vs recoil energy
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Expected sensitivity
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CF4 detector Xe detector

neutrino bound!
non directional!
directional

neutrino bound!
non directional!
directional

signal events = 10!
background events= 500

3 sigma discovery!
90% C.L.

36 ton-yrs 367 ton-yrs !!!!

Directional information is less significant in 
heavy target mater ia l (Xenon) based 
detectors, since solar neutrinos can give recoil 
energies up to approximately 5 keV with an 
heavy nucleus.

Directionality gains 10x in sensitivity in 
presence of background!!!!
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What next?

If interest is found in the scientific 
community, develop a project for a full 
(1 m3??) experiment to be hosted, for 
example, at LNGS 

Consequent development of customized 
amplification & readout with optimized 
pixel size (400-500 um) and electronics 
tailored on a triple GEM amplification 

Possible new larger prototype for 
additional optimization studies

New prototype (able to sustain high pressure) 

New target material 

New study and optimization needed for a customized 
amplification & readout system 

New ERC, SIR, Rita Levi Montalcini, gruppo 5, Marie Curie 
grants to apply

~ 3 yrs

DM directional experiment

Neutrino less double 
beta decay detector 

proof of concept

Use NITEC to study 
columnar recombination 

potentialities

Successful proof of concept of NITEC

BONUS: italian and international MPGS R&D communities already working on chip 
optimization for GEM and Micromegas readouts

(if HPXe is used, both can be 
done with same prototype)
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Backup
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Direction
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Measurements @ BTF
Measurements of spatial, time and energy resolution of the detector 

We have very long signal (slow ion drift) <---> we would need to optimize bunch length 
and repetition rate for our tests 

We look for very low energy processes <---> we would benefit from lower energy 
positrons/electrons/photons  

n@BTF pivotal for measuring detector response to signal-like particle: neutrons are 
just lighter WIMPs :)  

In particular, crucial 3D track reconstruction, angular resolution and sense determination as a 
function of the energy threshold 

In this respect, we would highly benefit from tagging the outgoing neutron and measuring its 
final direction and from a very precise knowledge of its energy 

Already in contact with BTF community for future improvements and 
upgrade of the infrastructure (see NITEC talk at First BTF Users Workshop)

https://agenda.infn.it/conferenceDisplay.py?confId=7359

https://agenda.infn.it/conferenceDisplay.py?confId=7359
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GEM TPC for DM latest R&D 

from people in DRIFT collaboration
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Performances

from people in DRIFT collaboration
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Columnar Recombination in HPXe

D.R.Nygren 
J.Phys.Conf.Ser. 460 (2013) 012006
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Columnar Recombination in HPXe

D.R.Nygren 
J.Phys.Conf.Ser. 460 (2013) 012006


