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Borexino
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Signal in Borexino
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Expected rate (LMA) is ~35 counts/day between 0.25-0 .8 MeV
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Science In Borexino

Measure 'Be solar neutrinos (0.25-0.8 MeV)
 Measured vs MSW-LMA predicted event

rate
e 1/r*2 solar signature

Study CNO and pep (~1-2 pep ev/d)
neutrinos (0.8-1.3 MeV) (rejection of 1C
cosmogenic background — proven in CTF

hep-ex/0601035)

Geoneutrinos (10 — 30 ev/year)
Supernova Neutrinos (~120 ev from GC

supernova)

Double beta decay with Xenon?
(Phys.Rev.Lett. 72:1411,1994)
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Schematic View of the Borexino Detector

Main challenge in Borexino: Radiopurity =—= Shell Structure
Components of the detector:

 Scintillator: 1,2,4-Trimethylbenzene (PC) + PPO (1.5 g/l) (300 t, 100 t fiducial mass)
* Nylon inner vessel (d = 8.5 m) - Nylon outer vessel
 Buffer liquid: PC + DMP (1040 ton)

Borexino Experiment
« Stainless steel sphere

External water tank 18m ¢

Rope tendons Stainless steel sphere 13.7m ¢

(d=13.7 m) 2200 Thorn EMI 8" PMTs (1320m3 PC)
. (1800 with light collectors Nylon outer vessel 11.0 m ¢
° ~2200 Inner phototu beS — 400 without light collectors) Nylon inmorvessol 8.5 4

Fiducial volume 6.0m ¢

~1800 with light guides
e Outer Muon veto: 210

PMTs + tyvek panels
» External buffer of ultra-pure

water sl wr s
« Water Tank Jom 10mx 106
 Calibration equipment e
 Electronics and DAQ

Scintillator
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Inflated Nylon Vessels in SSS
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Fllllng with Ultrapure Water
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Water (on top) is replaced by Scintillator

-
?

photo: BOREXINO calibration

Borexino Christian Grieb, Virginia Tech, June 2007




May 15, 2007: Borexino completely filled with Scint illator!
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Motivation for Calibration

Precision neutrino science:
«  Systematics need to be known
 1/r2 solar signature

Challenges in Borexino:
No event signature (only spectroscopic)
A. Radiopurity
Requirements defined design, construction and filling
B. Energy
Quenching — different energy response to a,f3,y = Cal. sources
C. o/ separation (pulse shape discrimination)
IS critical due to ?'°Po + other a sources at low energies
spatial and energy dependence = Cal. sources
D. Fiducial Volume = Cal. sources
Definition of absolute mass
Solar signal 1/r*2 (Stability of FV over time)
Characterization of external background
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Borexino Calibration

A variety of calibration and monitoring systems are planned:

» Making use of intrinsic radioactivity (*C, Radon BiPo, neutron capture,...)
 Laser pulses distributed to all PMT’s with a fiber optics splitting system
= Timing calibration
= Gain adjustment via detection of the single photoelectron peak
» External sources (Th) located in the SSS close to the light guides
= Check the stability over time of the overall detector response
e Internal sources inside the scintillator (Virginia Tech Source Calibration
System)
= Position reconstruction calibration

= Energy calibration (and spatial dependence)

= o/ Discrimination ( “ )
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Borexino Calibration

« CCD Cameras with capability to precisely locate objects
Inside the detector; a £ 2% uncertainty in the fiducial
volume definition translates into ~ =2 cm (part of the
Virginia Tech Source Calibration System)

» Laser beams with different wavelengths through the buffer
and laser excitation of the scintillator
= Stability monitoring of the optical properties
= Tuning of Monte Carlo

e Blue LED'’s + fibers for the outer muon veto detector
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Source Calibration System for Borexino

Novel approach to source calibration system:

A) Mechanical insertion to approximate
position

B) Precise optical position determination
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Source Insertion System (SIS)

Tube storage N
glove box

Source
changing box

Gate valve

e Maps out cylinders in IV

e Neutrally buoyant in
scintillator

e Source changing is box at
same pressure as IV

e Only approximate source
position
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Source Insertion System
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Calibration Sources

Possible a-sources:

238 (4.2 MeV), 222Th (4.0 MeV),222Rn P
(5.6 MeV), 219Pg (5.4 MeV) (K

|
:

Radon was used in the Borexino
Counting Test Facility (CTF)

U and Th have long half lives
= Contamination concern
Radon has short half life
= Higher energy

e Sources are made with scintillator from
inner vessel (IV)

e Vial is evacuated and loaded with source
material

e Scintillator is then pumped from IV

e When it is sure that the scintillator being
pumped is from the IV, source is loaded
with scintillator
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The Optical Source Locating System

Goals:
e Locate Internal Sources to +/- 2cm

e Locate Internal Fiber Optics

 Monitor Vessel Shapes

 Provide Photos for PR

Strategy:

* Mount cameras at approximately orthogonal positions and
use triangulation to reconstruct position

 Use LEDs (with PMTs on, but trigger disabled) on objects
to locate

e 7 cameras = 14 independent numbers to determine X,y,z
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Source Locating System

 Camera Kodak DC290 with additional fish-eye lens
 Mounted in Stainless steel housings

 The Borexino Counting Test Facility (CTF) was
equipped with 3 cameras

e Borexino has 7 cameras installed

’; "-”‘__ it \ :
| |
4
\ W
o — === i |
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Pictures from the CTF

Featured in:
e Alitalia in-flight magazine

e INFN 50t anniversary
book

e Cover of “Proceedings of
the 5% International Topical
Workshop at LNGS on Solar
Neutrinos: Where Are the
Oscillations?”

e [talian Photography
Magazines
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Control of Cameras and Lights
VT Calibralion Control B -m| |0l %

M ain Commands

Software:

Canera cortol | Assosiats cameras

‘ Locats LED |~__i5:amariﬂ-1:'ariar'n&fér‘&:

Allaft

Light advarice |0 ms

Light duiation[2000 | me

Hardware:

Cameras & Lights
are controlled
remotely, fully
automated
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Challenges

Cameras are not pin-hole

Cameras are multi-lens systems that project 3d
space onto a 2d image

CCD image plane may not be perpendicular to
optical axis, lenses may be misaligned

Installed Orientation of camera must be
determined with pixel accuracy

= The resulting image is distorted

Corrections are necessary

Ah 5&5/

'Borexino
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Camera Calibration - Strategy

 Each cameral/lens system must be
calibrated

e Fit camera roll, pitch, yaw

e Fit CCD x, y pixel offsets and scale
e Fitlens parameters

e Use known positions of PMTs

'Borexino Christian Grieb, Virginia Tech, June 2007|




Roll, Pitch and Yaw

Yaw

/|

/

Roll
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CCD Offset and Scale

Optical axis

X and y offset
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Radial & Decentering Correction for Optical Distorti on

Radial correction:

Decentering correction:

n

(xj _ (r'cosﬂ . ( pl(r’2 +2r'2 cos’ ¢)] . (2 p,r'2 cos¢sin¢)

y r'sing pz(r’2+2r’zsin2¢) 2p,r'? cosgsing
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~ Camera Calibration -

s, e e

About 100 calibration pts / camera
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Additional Correction: “Tweak”

Problem:
e Consumer Kodak camera DC290 with Nikon lens
e Focus and zoom not locked

« Each picture has x,y shift and scale
factor which need to be corrected for
on a case-by-case basis (without this one gets only +/- 5 cm position)

Solution:

» Turn on in-camera LEDs for every picture.
Use two points (four numbers) to correct
scale and shift.

» The software can do this correction
automatically, by finding known reference
LEDs

‘-Eﬁﬁ_ﬁ&§§9/ ’
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Source Locating System

Projection of rays
from the six ‘other’
cameras. Their
Intersection should
Ideally be at a single
point.
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Calibration Software Position Reconstruction Window

‘Yarious commands

GefS'a\_sedl Sa,_\fel Mave Upload to Sﬂ\xed'l Project lines fram sel. t:amsl Find (w Tweak) @ calc xyvz |I

Yiew Carmera:
Camers 1
Camera 2

Carmera 3

o
o
-
 Cameara 4
T Camera’
" Cameta B
' Camera 7
~

Camera 8

Selected Image Actions
Save as Background

Resetimage

Find LED!

Load calculated xy into cursor

Load/Save to Tweak Master

ViewPeakinfo
{only awvalilable at Zoom 32

Tweak Results to Mastar
Wiew Full | Feset Tweak
Toggle View | Tweak All
Tweak View
s Drhvetlay
Colar Mousg Position Curgar Position slated Po Opticns
Selected Cameras: PSHGI T 8'8. * 26'? x 706 ™ Subtract Background
I Camera [3_131. i 3fae e - [ Selectimage
[~ Camera? ke Sphere Int R .
¥ MNormalize Image
I Camerad ™ Find Pseuda Centraid
W Camers 4 Color Optian
| Camera & & Calor C Red ¢ Green ¢ Blue
¥ Camera 6 e
" Camera 7 CoE C4 C e E1 C2C 408 C 16 C 32
I Camers 8 Enter LED Coardinates
[550.0 [s08 | [665 & Palar O Rectangular Car:u|_"are_|
Enter Parameters for centroid
Centroid Range |12— Sel, Thrash, l15—
InmRod-& Tube Inventory
Mumber of rods ahove hinge 10 Straight Tether Length (crm) 1230.0 _ED ¢ (pred]

Mumber below hinge (n-no hinge) |2
Extension in Glove Box {cm) a0.0

Teather Short by (cm) |540.0 | _EDtpred
Arm Angle (degrees) 180.0 |a%iew Ge

Peconstruct Locations

LED Source (depends upon rod geometry)
0.0 i 0.0 x 00 r 00 Jmentindex of Refraction: 15
0.0 theta 0.0 Y 0.0 theta. 0.0 Remnstructl
0.0 phi 0.0 z .0 arm angle 0.0

Largely automated system
for source position
reconstruction
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VT Calibration System already in Use

Finding the Location of
Nylon Vessel South Pole
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VT Calibration System already in Use

Camera 1 View !lilm . .
Determining the shape of

the Nylon Vessels

Mark tangential interface of
vessels

= Calibration Software finds
ol Position in space
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VT Calibration System already in Use

| Vessel Radii from all Cameras

| B Miniumum radiustheta,phi: 4321 351 1294

Result:

Radii of Inner & Outer
Vessel as a function of ®

* Buoyancy is visible

» Use vessel shape for
Position reconstruction

* Monitor vessel shape
Over time (Backgrouqd
Interpretation) = "‘I“?\“‘

CRAN 'S 55850

'Borexino
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Conclusions and Status

Borexino:
 The detector is filled & running.
VT Source Calibration System:

 The Source Locating System is fully operational

 With 7 cameras, +/- 2 cm seems obtainable = Fiducial
Volume +/- 2%

e System is tested and works

* First uses to determine the Shape & Position of the
vessels successful

e To be done:
 Final Installation of Source Insertion Box
 Production of calibration sources
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