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MicroBooNE:
● 470 meters from the Booster Neutrino Beam target.
● 80 tons of liquid argon in the active volume.
● Single tpc (2.6 m x2.3 m x 10.4 m)
● Two UV laser system for E field calibration.

SBND:

● 110 meters from the Booster Neutrino Beam target.
● 112 tons of liquid argon within the active volume.
● 2 TPC system. (Each tpc is 2m x 4m x 5m)
● 4 UV laser system.

C. Adams Eur. Phys. J. C 79, 673 (2019)
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● Electric field is set up by cathode-anode plan
● Interaction in LAr produce scintillation light and ionization 

electrons.
● Scintillation light is detected by PMTs 
● Due to Electric field e- drift towards anode.
● At anode, the e-. Induce charge in induction planes and are 

collected on the collection plane.
● 2D spatial coordinates readouts from the collection plane 

along with time of flight is used to reconstruct 3D true 
position.
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R. Acciarri et al 2017 JINST 12 P02017
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LArTPC:
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● Ve- > VAr+  : by 5 orders of magnitude

● Accumulation of Ar+  ions inside TPC :

● Average density of positive ions is much larger than that of 

electrons results in Space Charge effect.

● E- field distortion

Shivaraj Mulleria Babu

Acciarri, R., et al. Journal of instrumentation 12.02 (2017): P02017

True

Reco

Read-out

- Cathode - 

- Anode - 

Correction

Distortion

Expected

● Discrepancies between true and reconstructed 

points.

● Reduces track and energy reconstruction efficiencies 

of the detector and introduces additional systematic 

uncertainties
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Why E-field Calibration ?
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What :
● Drive finely tuned energetic UV laser beam inside 

TPC, which ionises the Ar ion thus leaving a 
ionisation track. 

● Compare expected (true) and reconstructed track 
points to calculate the E - filed distortion inside TPC.

UV Calibration method :

Why:

● laser beams do not experience delta ray emission in LAr.
● No multiple Coulomb scattering in LAr.
● Laser beams can also be repetitively pulsed in controllable 

directions
● UV laser system can be used to investigate detector failures, such 

as unresponsive or mis-configured wires in the read-out planes

Shivaraj Mulleria Babu
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Laser to ionize Ar: 

● Nd:YAG laser from Continuum Surelite. 

● Up to 10 Hz repetition rate.

● 5 mm  beam diameter.

● Energy of 60 mJ (at 266 nm) per 5 ns pulse. 

● The Surelite I-10 initially generates infrared (IR) light (1064 nm), 

which is shifted to green (532 nm) first, and then UV (266 nm) 

through second and fourth harmonic generators. 

Shivaraj Mulleria Babu

(2+1)-photon process:
Needs high power laser
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How: 

Schematic representation of SBND - UV laser calibration set up

Laser Box

Laser Head

Attenuator and 
mirror mountFeedthrough

Cold mirrors

TPC Active volume

Laser Head -> Mirror -> Attenuator -> 3 Mirrors -> 2 Cold Mirrors
● Each Dichroic Mirror eliminates 532, 1064 nm and reflects 

266 nm.

Shivaraj Mulleria Babu
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Shortest distance from true to reco points before and 
after correction.
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● Correction Map: Based on reco spatial coordinates
Gives expected true points, given by the reco points.

Shivaraj Mulleria Babu

How: 
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UV-laser method in actual scenario - measurement from ArgonTube (Bern, 2013)

Distorted muon track, due to e-Field distortion

100 laser tracks

E-Field map

Corrected laser tracks

Corrected muon track
Shivaraj Mulleria Babu 9
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 A reco points corresponds 
to which point in true track?

Shivaraj Mulleria Babu
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Crossing tracks!!!

Cold mirrors inside the TPC - No shadow effect by 
fieldcage 

 A reco points corresponds 
to which point in true track?

Shivaraj Mulleria Babu
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Full Laser Scanning: Partial Scanning:

● Full coverage with crossing tracks
● More precise and effective 

informations from crossing tracks

● Omit the laser tracks directed 
towards the cathode because of the 
presence of PTB-coated reflective 
sheets on the cathode.

● Partial coverage with crossing track 
points < 50% of total volume.

● Crossing tracks are close to anode.

Shivaraj Mulleria Babu
12

ITN Monthly Meeting                                                                                                                                                                   20/05/2024



Hardware -Feedthrough: Cross Sectional view
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1. The evacuated glass tube.
2. Rotary encoder ring
3. Rubber seals for the glass 

feedthrough
4. Rotary motor.
5. Linear feedthrough piston 

from linear Motor for tilting 
mirror

(3)

(1)

(2)

1. Linear Motor
2. Linear encoder
3. Warm mirror

Shivaraj Mulleria Babu
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Inside the laser box:
1. U-V laser head
2. Two dichroic mirrors ( wavelength separator)
3. Attenuator
4. Aperture
5. Photo Diode for DAQ trigger.

Shivaraj Mulleria Babu

1. Movable cold mirror and 
support structure.

2. Immovable cold Mirror.
3. Piston and rod construction 

for tilting.
4. Supporting rods

Shivaraj Mulleria Babu
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Controlling Script and User Interface:

● Controlling script ready.
● Script available in python2 and python3 (interactive 

Python shell).
● Currently using the interactive Python session to 

perform all the functions.
● Trying to make User Interface. ( Incomplete)

- helps are highly appreciated.

Shivaraj Mulleria Babu
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Laser test facility at LHEP:
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(1) Laser head, (2) Attenuator and mirror mount,
(3) Linear Motor to control the vertical movement of the cold mirrors, 
(4) Rotary motor to control the horizontal movement of the mirror.
(5) Cold mirror mount and shafts, (6) Motor controller box

Shivaraj Mulleria Babu

Thanks to Michele, Igor, Rogger, Silas, Lino and Andri
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https://sbn-docdb.fnal.gov/cgi-bin/sso/ShowDocument?docid=1382

Shivaraj Mulleria Babu
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Rack Build:

Thanks Will and Linda
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Shivaraj Mulleria Babu
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Wiring diagram:
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Parts assembly in Bern (April 2023)
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Thanks.. Lori and Vasco

Shivaraj Mulleria Babu
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Mechanical installation of Feedthroughs at SBND:

● Installation of feedthrough onto the cryostat was done last 
week ( June 12 - 19)

Thanks to Anne, Roberto, Lori, John, Luis

Shivaraj Mulleria Babu
20
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Laser unpacking and first setup 

● Procedure to uncrate, unpack and first setup
● Identified location at NML (laser lab)

Very comfortable setup (thank you!)
● Need to attach umbilical, fill cooling DI water,

Connect flashlamp, tune settings an measure power IR,
mount second and fourth harmonic and tune power

● ½-day to 1 day per laser
● Writing TSW
● Planned for May (when Shivaraj @FNAL) 

21
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Laser unpacking, assembly and tuning

● Procedure to uncrate, unpack and first setup ( October 2-8)
● Tuning procedure at NML (laser lab)

Thanks to Michele, Jamie, Jinhuao and Abhishek and Matthew Spaw
● Attached umbilical, fill cooling DI water,

Connect flashlamp, tune settings an measure power IR,
mount second and fourth harmonic and tune power

● 3 laser with ~90-100 mJ and 1 with ~14 mJ
● One laser crystal needs to be replaced, the crystal was retrieved

From MicroBooNE laser system ( Nov 20 )

22
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Current Status:

● Laser box Installed on top of cryostat.
● Laser is installed inside the box along with 

attenuator, photodiode module, reference laser 
and communication cables.

● Laser Calibration system (LCS) has been 
installed and all the equipments are installed.

● Cabling is done ( except ethernet, ofc and 
Interlock)

● Power supply cables to all equipments from the 
LCU Rack is connected and labelled.

● Laser connectors are routed beneath the grating
To avoid trip hazard. ( Thanks to Roberto)

As of 17 May 2024 - All hardware works are 
done, waiting for ORC review and operation
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Pending/Upcoming Work:

● Final ORC and operation.( March 2024*)
two operation modes = two documents:
standard operation and maintenance

○ Standard operation: laser light fully 
contained
(no photon gets in SBND for PMT, no 
laser gets out)

○ Maintenance needs building and street 
closure (class 4 laser)

Equipments inside the laser 
box

Cryostat top as of 22nd Nov.
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Objective: 

Will be using the already published CC1p0π selection to add the longitudinal and perpendicular 
components and  extract the cross sections.

Phys. Rev. D 108, 053002 (2023)
Phys. Rev. D.101.112007

Using Afro’s infrastructure for preliminary steps. 

Flat root files using:
bnb.ub.num.genie_v2_12_10.mec.flat.root
bnb.ub.num.genie_v3_00_06.flat.root
bnb.ub.num.neut_5_4_0_1.flat.root
bnb.ub.num.nuwro_19_02_1.flat.root

vmu

uud ( Proton)udd ( neutron)

muon-

W -

Differential cross sections in longitudinal and transverse muon & proton momenta
( MicroBooNE BNB Data)
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Events Selection criteria:

1. final-state muon with momentum 0.1 < pμ < 1.2 GeV/c

2. exactly one proton with 0.3 < pp < 1 GeV/c. 

3. Events with final-state neutral pions and heavy mesons at any momentum are excluded. 

4. Signal events may contain any number of protons below 300 MeV/c or above 1 GeV/c,
    but only one of them should satisfy condition 2.

5. neutrons at any momentum are included

6. Events with charged pions with momentum lower than 70 MeV/c are included

7. No events with particles other than the charged pion, proton, neutron and muon in final state are allowed. 
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Events that passed the selection:

Genie_V2 2M 183779 9.2%

Genie_V3 2M 474848 23.74%

Neut 1M 245005 12.3

Nuwro 1M 270272 13.5%

Gibuu 2.04M 701957 35.1%

NB: Using Python with Uproot3 and Pandas
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For Gibuu: (scaleFactor*40*10**38*weight)/500
Rest: scaleFactor*40*10**38*weight

Momentum of proton and muon

dT All generators dT 
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For Gibuu: (scaleFactor*40*10**38*weight)/500
Rest: scaleFactor*40*10**38*weight

PHYS. REV. D 108, 053002 (2023)
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Genie_V3:
Bin Heights: [2.32129806e+01 2.42285137e+01 8.50505353e+00 5.69510704e+00
 3.40350853e+00 1.80613882e+00 7.59862379e-01 2.29074056e-01
 5.04763681e-02 7.14962720e-03 1.71591053e-03 1.42992544e-04]

Bin Widths: [0.13119072 0.13119072 0.13119072 0.13119072 0.13119072 0.13119072
      0.13119072 0.13119072 0.13119072 0.13119072 0.13119072 0.13119072]

Genie V2:
Bin Heights: [3.30862434e+00 8.07079269e+00 8.62719485e+00 6.46168602e+00
 3.51975753e+00 1.44640172e+00 4.48396728e-01 1.00166324e-01
 2.75239639e-02 3.30984376e-03 5.22606909e-04 3.48404606e-04]

Bin Widths: [0.13473099 0.13473099 0.13473099 0.13473099 0.13473099 0.13473099
 0.13473099 0.13473099 0.13473099 0.13473099 0.13473099 0.13473099]

Neut:
Bin Heights: [2.89564732e+01 3.20366458e+01 1.12677743e+01 7.41755854e+00
 4.82528702e+00 2.77537148e+00 1.39280231e+00 5.93887102e-01
 2.07586384e-01 5.37239409e-02 1.20604765e-02 2.55828290e-03]

Bin Widths: [0.11540807 0.11540807 0.11540807 0.11540807 0.11540807 0.11540807
 0.11540807 0.11540807 0.11540807 0.11540807 0.11540807 0.11540807]

Nuwro:
Bin Heights: [3.04599432e+01 3.11634546e+01 8.86552058e+00 5.51159937e+00
 3.15926178e+00 1.71695704e+00 8.65322014e-01 3.38829077e-01
 1.01283737e-01 1.76410112e-02 3.64986438e-03 1.21662146e-03]

Bin Widths: [0.1251684 0.1251684 0.1251684 0.1251684 0.1251684 0.1251684 0.1251684
 0.1251684 0.1251684 0.1251684 0.1251684 0.1251684]

GiBUU:
Bin Heights: [1.90189669e+00 2.65357969e+00 1.24051964e+00 8.20565728e-01
 4.51237957e-01 2.14782619e-01 7.16544399e-02 1.99030637e-02
 5.07346132e-03 7.88985577e-04 1.12838213e-04 6.12960451e-05]

Bin Widths: [0.13134332 0.13134332 0.13134332 0.13134332 0.13134332 0.13134332
 0.13134332 0.13134332 0.13134332 0.13134332 0.13134332 0.13134332]
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Thank You….

Shivaraj Mulleria Babu
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Backup slides.

Shivaraj Mulleria Babu
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Finished works:
● Assembly of first feedthrough setup and testing at LHEP- Bern.
● Laser energy and reflection efficiency measurement.
● To check the repeatability of laser points and Positional error.                                     
● Directionality Influence. (Mechanical freedom)  
● Feedthrough installation at SBND

Ongoing works:
● Software for controlling the components remotely- Debugging
● Simulation - LArSoft

33
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Vertical Movement:

34

1
3

2,5,
6, 7, 
8, 9

4

Shivaraj Mulleria Babu

Laser Accuracy test:

Aim: 
● To check the repeatability of laser points and 

Positional error.                                     
● Directionality Influence. (Mechanical freedom)  
● Software issues.

Horizontal movement:

All Points with same encoder position reading

Sorry for messy representation of 
laser marks…
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The total energy of the laser beam remains 
the same but the energy of p-polarised and 
s-polarised light varies with respect to the 
transmission through the attenuator.

Laser Energy and mirror reflection efficiency measurements:

Unwanted light components in the infrared 
and green (base wavelength and 2nd 
harmonic) are transmitted through the  
mirror and ultimately absorbed on a beam 
dump.

The reflection efficiency of the mirror 2 is 
defined as the ratio between the energy of 
reflected UV light with respect to the total 
energy of incoming light.

Shivaraj Mulleria Babu
35
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Spatial displacement maps:

● Correction Map: Based on reco spatial 
coordinates
Gives expected true points, given by the 
reco points.

● Distortion map:  Based on True spatial 
coordinates.
Gives expected reco points, given true 
points. ● The vectors from the reconstructed track points (red) to their closest 

point on the true track (blue) are the correction vectors.
● The vectors starting from the true track (blue) to the reconstructed 

track points (red) are the distortion vectors
●  This forces the displacement vectors to be perpendicular to the 

corresponding true laser tracks.

Shivaraj Mulleria Babu
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C. Adams et al 2020 JINST 15 P07010
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Shortest distance from true to reco points before and 
after correction (Laser only)

Shortest distance from true track before and 
after correction (All maps)

37
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Analysis Plan:

● Detector Physics analysis: E- field distortion measurements and Calibration using UV laser, e- drift measurements.  
(June 2023)

● Timing measurements and Heavy Neutral lepton search using CRT data and MC efforts.  
1.  CRT Beam telescope measurements at Fermilab. Beam data from 2017 -2019 run
2. Test setup at Bern with 3 modules of CRT. 

● Cross Section measurements with SBND tpc data ( end of 2023 - beginning of 2024)

Shivaraj Mulleria Babu
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● CRT in SBND produces very interesting data: delayed 
event excess

● Reasons are unknown.. Possible explanation: Muon 
decay, Something going backward, Nuclear 
de-excitation with gamma etc.

● MC effort is needed

Beam direction

Shivaraj Mulleria Babu

Plots are from Igor kreslo, from his talk on ‘CRT Measurements in the SBND Hall’ 
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Genie_V3 Genie_V3



Reference Genie v3 Myselection Genie v3 Reasons 



Reference Genie v3 Myselection Genie v3 Reasons 



Reference Genie v3 Myselection Genie v3 Reasons 

More than 5500 such discrepancies


