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The XENON collaboration
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Direct dark matter detection and neutrinos

Detect WIMPs directly by
measuring the O(1) keV
nuclear recoil after scattering
in a large, low background,
low threshold detector.




Direct dark matter detection and neutrinos 3
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Coherent elastic neutrino nucleus scattering

(CEVNS) of solar 8B neutrinos mimics ~ 6 GeV/c?2
WIMPs!




Direct dark matter detection and neutrinos

Phys. Rev. Lett. 127, 251802 (2021)
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But these are not only a background!

They are also a signal!




Dual-phase time projection chamber

Scintillation and ionization:
* Promptlight signal (S1)
STtop e Secondary light in GXe from drifted charges (52)

» Position reconstruction (X, y, z), calorimetry (E) and

time
GXe = E interaction type (ER/NR)
anode + extraction
T Il ER = Su\ece\ Neutron I AC I WIMP

gate
LXe — i ime
ep
Edrift
ST !
particle iy <-7_____SUSS—— | _______. =
e e ;

cathode

CSZb [PE]

S1 bottom




XENONTT at LNGS (2016 - 2018
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XENONNT at LNGS (now) 6
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NR Radon
calibration , B e ‘Qm 1) -« distillation
systems 3 . il B lanef -"J . column
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Larger TPC DAQ with
with 3x active high-energy
volume readout
Gd-loaded Liquid
(planned) xenon
water purification
Cherenkov
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Solar neutrinos in XENON1T WIMP results

Mass (ton) 1.3 1o

ER 627 + 18 0.8
Neutron 1.43 4+ 0.66
CEuvNS 0.05 +=0.01

5 0.6

0.2 =

AC 0.47" 550 :
Surface 106 4+ 8 m 0.4

Total BG 735 + 20
WIMP,. . . 3.56

739 0 10 20 30 40 50 60 70
Nuclear recoil energy [keV ]

S
b

-
-

Data

* We expect hundreds of events from R = ¢y * 0y, NXe - CXPOoSsure

* We do not see them because the WIMP analysis only has 0.01 % detection efficiency.

Rate [a.u.]
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Solar neutrinos in XENON1T WIMP results
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* We expect hundreds of events from R = ¢1/ * 0, NXe + CXPOoSure

* We do not see them because the WIMP analysis only has 0.01 % detection efficiency.



| owering the energy threshold

* Lower threshold increases expected
event rate to 2.11 events in 0.6 t X yr
» Detection efficiencies driven by

« S2 software trigger threshold:
200 = 120 PE

* S1 tight coincidence:

3= 2PMTs

1.0

0.8

0.6

0.4

NR Acceptance

0.2

0.0

Phys. Rev. Lett. 126 (2021) 091301
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| owering the energy threshold

* Lower threshold increases expected

event rate to 2.11 events in 0.6 t x yr

» Detection efficiencies driven by

« S2 software trigger threshold:
200 = 120 PE

* S1 tight coincidence:

3= 2PMTs

The lower threshold comes at the
expense of a background rate

increase by two orders of
magnitude!

Phys. Rev. Lett. 126 (2021) 091301

1.0 x ' T I I I ]_03
IR . Software Trigger -
\ '({R/dﬁ and S2 Threshold _ —~ 3
0.8\ . _ 2
\ ‘e ~ = 10
S \ - 5
) .. .
2 .
S \ \ 7 e —101
&) Expected .. . deﬂce =
< 0 4\ Event Rate / . Coine :
% \ S r“? \ -
\ 1’ R — 100
0.2\ Tota Acc‘eptangal 3
-
A"t ——Y e i
0.0 0.5 1.0 1.5 2.0 2.5 3.0 10

Recoil Energy [keV]

Events / (t X y X keV)



Accidental coincidence backgrouna

...get paired with

Isolated S1s... < olated S2s
S1 S2
* Pileup of PMT dark * Single electrons:
counts » delayed extraction
* Misidentitied * photoionization
single electrons « Misidentified PMT
* Below-cathode afterpulses

and surface events



Accidental coincidence backgrouna

Isolated S1s...

S1

* Pileup of PMT dark

counts
 Misidentified
single electrons

e Below-cathode

and surface events

...get paired with
isolated S2s

S2

* Single electrons:
» delayed extraction

* photoionization

e Misidentified PMT

afterpulses

At

prev

Mitigation strategies:



Accidental coincidence backgrouna
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Accidental coincidence backgrouna
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* Pileup of PMT dark * Single electrons: Mitigation strategies:

counts » delayed extraction e Remove “shadow” and "ambience” of large peaks
* Misidentified * photoionization » Use S1 and S2 correlations unique to AC events...

single electrons » Misidentified PMT
* Below-cathode afterpulses

and surface events



Accidental coincidence backgrouna

...get paired with

Isolated S1s... i olated S2s
k Atprev
/\ .......................... >
) ) AN
* Pileup of PMT dark * Single electrons: Mitigation strategies:
counts * delayed extraction e Remove “shadow” and "ambience” of large peaks
* Misidentified * photoionization » Use S1 and S2 correlations unique to AC events...
single electrons * Misidentitied PMT * ...in certain observables (e.g. S2 width)
e Below-cathode afterpulses

and surface events



Accidental coincidence backgrouna
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* Below-cathode afterpulses

* ... high-dimensional parameter spaces

and surface events (machine-learning techniques)



Accidental coincidence backgrouna

...get pal ith
Isolated S1s... get paired wi

isolated S2s
k AZLprev
/\ .......................... >k
. ; N
* Pileup of PMT dark * Single electrons: Mitigation strategies:
counts » delayed extraction e Remove “shadow” and "ambience” of large peaks
* Misidentified * photoionization » Use S1 and S2 correlations unique to AC events...
single electrons * Misidentitied PMT * ...in certain observables (e.g. S2 width)
e Below-cathode afterpulses

* ... high-dimensional parameter spaces

and surface events (machine-learning techniques)

* Model remaining AC background.



AC cuts and validation in XENON1T 10

AC Signal
Rejection Acceptance

Phys. Rev. Lett. 126 (2021) 091301

2 Z: e S2 shadow selection 65 % 87 %
3  Gradient boosted decision 70 % =85 %
1.0 tree (GBDT) cut
o AC features data-driven
0.8
E; e S2 area, S2 rise time, S2
< I
S 0.6 i top PMT area fraction,
% I
S " ! reconstructed depth z
= 0.4 !
c | * Define AC-enriched sideband
& : Measured: Expected:
0.217 i region with 50 % of AC 23 events 27.7 £ 1.4 events
| | | | i | contained in S2 < 120 PE
0.0 !

—80 —00 —40 —-20 1 2
Z [cm] Events



AC cuts and validation in XENON1T 10

Events
— N w

1.0

S S S
IS o) e

Quantile of SZPrev/ Atprev

S
N

0.0

Phys. Rev. Lett. 126 (2021) 091301

—80

—00 —40 —20
Z [cm]

Events

Consistent with
background-only

AC

=

hypothesis.
Radiogenic neutrons 0.04 p~0.5

Total 7.50

Observed 6



AC in XENONNT WIMP analysis

11
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Rate [A.U.]
—
W

Remove “shadow” of

large S2s

— Signal
—— Isolated S1

Excluded

10~ 10~3 10~4

01 T 10

S2prev/Atprev [PE/nS]

Use features of S1 and S2

signals in AC vs. physical
events.
1.0 i
0.8F —iiélnal
S i
. :
o, :
8 |
g 0.4F ]
02r L §
() = 1 l 1 | i_‘_‘_‘_‘_‘_i
'8.0 0.2 0.4 0.6 0.8 1.0
BDT Scores

See talk by Chris Tunnell on
ML in XENONNT at 17:15 h.

N
@)

Counts / PE
(\®)
o

-

350

S2 [PE]
W
S
S

250

200

Model remaining AC

o-deviation from expectation

background
. i
2 ¥ g . Expected
i . ¢ Observed
& & .
~ s — .P?ellfn.ma.y _
« ¢ & P % : N
I ¥ I
15 30 0.0 2.5 5.0
S1 [PE] Counts / PE
2 0 2

AC model validated to 5 % precision.
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AC in XENONNT WIMP analysis

30 100

removed by BDT&S2Width
60

+ removed by Shadow&Ambience
cS1 [PE]

e all cuts applied
40

AC

ER
Surface
WIMP
20

104 F




AC in XENONNT WIMP analysis 11

AC e all cuts applied
" " ER + removed by Shadow&Ambience .« .
Remove “shadow” of Surface » removed by BDT&S2Width Model remaining AC
large S2s WIMP background
0.5F o .
. — Signal ~ 40r Expected
12 ¢ Observed
Isolate« g 20k
0.4_ 8 O f fae . —
:j o) % :
<[§ O.J . :
- 350 — -
S 0.2F ! "
0. =) . o
= 300 . - R
N o
0.1 N ca o’ o
250 ’ - i
1 . -
SZ})I‘@V/Atprev |PE/ns] e .
200

I ) 1
30 0.0 2.5 5.0
Counts / PE
|

i I | i

—2 0 2
o-deviation from expectation

AC background mitigated and
validated well in the XENONNT

AC model validated to 5 % precision.

WIMP analysis.




Solar neutrinos in XENONnNT WIMP results 12

See talk by Zihao Xu from August 28.

Nominal Best fit
ROI Signal-like B ER B Wall Neutron M AC WIMP

ER 134 135%]7 0.92 £ 0.08
Neutrons 11599 1.1+04 0.42 £0.16
CEvNS 023 4+£0.06 0.23+0.06 0.022 4 0.006
AC 43409 44702 0.32 £ 0.06
Surface 14 + 3 12+2 0.35 4 0.07
Total background 154 152 + 12 2003:()).1157
WIMP 2.6 1.3
Observed e 152 3

cS2 [PE]

0 20 40 60 80 100
cS1 [PE]

Phys. Rev. Lett. 131 (2023) 041003



Solar neutrinos in XENONnNT WIMP results

12

Nominal Best fit

ROI Signal-like
ER 134 13517 0.92 £ 0.08
Neutrons 11599 1.1+04 0.42 £0.16
CEvNS 0.23 £0.06 0.23£0.06 0.022 4 0.006
AC 43409 44704 0.32 £ 0.06
Surface 14 4 3 1242 0.35 £ 0.07
Total background 154 152 £ 12 2.031511
WIMP 2.6 1.3
Observed 152 3

See talk by Zihao Xu from August 28.
1 0 | Detection |
‘/ |Selection Gl
0.8— o —— - ‘1 I — .I.
ROI 0 20 4::)31 [PEG]O 80 100

%)
g 0.6
b
2
-
H 0.4 R

0.2 F

0.0 - =

0 20 40 60 30

Nuclear recoil energy [keVnR]

Phys. Rev. Lett. 131 (2023)

041003



Solar neutrinos in XENONnNT WIMP results 12

See talk by Zihao Xu from August 28.

Nominal BeSt fit I ER I Wall Neutron I AC I WIMP
ROI Signal-lik .
e TRe 1 0 Detection
ER 134 13517 0.92 + 0.08 - 5 | T
Neutrons 11758 1.1£04  042£0.16 Selection sl
CEvNS 0.234+0.06 023+£0.06 0.022=£0.006 — ‘ .
AC 43109 44——'_(())89 0.32 1 0.06 O°8 :j' o 2'o. 20 60 80 100
Surface 1443 1242 0.35 & 0.07 S, oS e
Total background 154 152 + 12 2.03+8'1157 B’ B
WIMP o o 0.6 E
2.6 1.3 s i
Observed . 152 3 O &
& N
H 0.4 "
s
—
z
o 0.2
Next step: Transition to low-
threshold 2-fold coincidence 00

30

analysis.

Nuclear recoil energy [keVnR]

Phys. Rev. Lett. 131 (2023) 041003



8B discovery potential in XENONNT

13

Max Relative

E e Lower field:
drift =~ AC posure e

Experiment Isolated S1 Isolated S2

* Larger isolated S2 rate
XENONIT 11.2 Hz 1.1 mHz 730 ps 1 0.6t X yr

* Longer drift

XENONNT 2.5 Hz 18.5mHz  2200ps ~ 11 > 0.6t Xyr

e Affects discrimination, but

1.0F ER background still
0 negligible for CEVNS
§ 0.8
3 Lo * Increased exposure compared
S

0.0
z - to XENON1T
e
= 0.4 * Reducing AC rate to the
e 30
S XENONI1T level |d bri
£ 02k XENONAT Vel WoliE bring @

o - projection 8B observation within reach.
0)
I i i | I I I I I L L1
0.0 100 101

Exposure [t X y]



University of
) Zurich™

Summary

* Liquid xenon detectors of the current generation sensitive to 8B

XENON at TAUP 2023:
 Monday, 16:45: XENONnT WIMP
» Search demonstrated in XENON1T, but did not find a signal 2 results by Zihao Xu
Tuesday, 14:15: MeV signals and new

solar neutrinos

» Accidental coincidence background dominant in low-threshold | | _
physics by Maxime Pierre

analysis and mitigated with S1+52 correlations and strict data ¥ * Tuesday, 17:15: ML in XENONNT by
. Chris Tunnell
selections
« XENONNT will be more sensitive with a larger exposure and S| Poster: Planck mass dark matter by

improved AC rejection techniques >NE P

Poster: Surface background modeling f

B by Cecilia Ferrari ‘f (f«,
www.xenonexperiment.org Poster: Radon removal in XENONNT by [l
sesddlee Davi d KO'( e 3 \
instagram.com/xenon_experiment Poster: Krypton distillation in XENONNT [Bis

by Johanna Jakob Iw%

. . Poster: Ultra-clean pumps for noble
twitter.com/xenonexperiment

gas experiments by Andria Michael.

[ Y 4 ? .
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Inference with Different Sets of Constraints 16

Light yield: Ly Charge yield: g Phys. Rev. Lett. 126 (2021) 091301

Neutrino flux: ¢
12

» Lightyield and signal rate highly correlated, so ¢ XENONIT
+ Qy + Flux

XENON1TT-only result becomes an upper limit =/ "jhi 00 750 :

on the combination of both

* Combination of XENON1T, LLNL charge yield

and LUX light yield enables to set upper limit

on neutrino flux ®<1.4-10/cm™2%s7 1 (90% C.L.)

e Measured neutrino flux from SNO enables to

set upper limit on the light yield

Ly [ph / keV] (Flat)



Light and charge yields at low energy 17

No response assumed below 0.5 keVgr in
absence of measurements and with detection

efficiency below 10-3

Charge yield measurements by Lenardo et al.
set strong Qy constraints. Use their NEST
v2.1.0 best fit and uncertainty to obtain shape

and scale with single parameter g.

Large light yield uncertainties of = 20 % near

1 keV

Fit L, measurements using a free parameter
that scales the NEST v2.1.0 best-fit curve for

measurements between 0.9 - 1.9 keV

Ly [ph / keV] Qg [e ™/ keV]

Phys. Rev. Lett. 126 (2021) 091301

—— )y Model
| Lenardo (2019), 220 V/cm

W s 01O Ik U1 O J

| | |
68 % confidence interval

L L o
—— Ly Model

4 Flat Ly, 81 V/cm (This Work)
| LUX (2016), 180 V/cm

0.5

1.0 1.5 2.0 2.5 3.0
Recoil Energy [keV]

XENONT upper limit on NR

light yield from constraining
charge yield and neutrino flux.




ROl and backgrounds

Source Expected

CEvVNS

AC 5.14
ER 0.21 cS2, < 250 pe
Radiogenic neutrons 0.04 Tight ROI
Surface Negligible 1.04 t fiducial volume
Total 7.50
Observed 6

2.11

e 0.6t X yr after livetime reducing cuts:

e S2 shadow, PMT signal sum < 40 pe within first 40 ms of an event.

e 2 or 3 PMT hitswith 1 PE<S1 <6 PE

« 120 PE <52 <500 PE

cS2b [PE]

2000

1750

1500

— —
~J (- N
O1 - O1
) O O

o1
)
)

250

XENONIT
WIMP data

30
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GBDT cutin XENONTT
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Electron lifetime dependence of CEVNS rate 20

Assume everything is the same as in XENON1T analysis except for electron drift lifetime.

7.0 . *
7.0
6.0
6.0
0.0
5.0

4.5
4 0 This Work

CEVNS Expectation [Events / (tXy)]

3 5l | | | | |

Electron Lifetime [ms]



Non-Standard Neutrino Interactions 2

4.6 x 1027 - Neutrino cgyNs Ow =27 (gl +2e2 + ey + N- (g + € + 2¢2)
nuclei/ Ve survival flux cross-section
tonne Xe probability ‘ /
\ \ p d6(E . T) Phys. Rev. Lett. 126 (2021) 091301
N do(k,, ~ 1.0
P (E . v dE. 2 €uV, dVv
i - J E ) dE,  dT v & Qwleee s ee)

U, min

0.5

Compare integrated rate to SM prediction.

dR —0.5 8 XENONIT
uV. dV I COHERENT CsI[Na] 2017
9T X Q gives constraint along alinein €2, — €., COTERENT 1 ASG0%0
B CHARM
~1.075 —0.5 0.0 0.5 1.0

dVv
Eee



Improving XENON1TT WIMP Limits 22

DM-nucleon cross-section [cm?]

- -
o o
| |
W W
(o)} =

-

o

I
W
o8

o - - o -
I I I I I
B I I I N
oo o IS N o

Phys. Rev. Lett. 126 (2021) 091301

S2-only Migdal
\

S2-only NR

S1-S2 2-fold NR

B

S1-52 3-fold NR

0.1 0.3 1 3

10

30 100 300 1000

Dark matter particle mass [GeV/c?]

No positive detection of CEVNS
signal
Use lowered threshold to set

improved low-mass WIMP limits

down to 3 GeV/c2

External constraints on neutrino

flux and detector response

Improvement over previous S2-only

analysis range



Isolated peaks 23

Isolated S1: Isolated S2:

e |dentified as S1, 3-PMT coincidence, e Select at the event level and also
< 150 PE analyze "ambience” (e.g. lone hits

e No S2 in maximum drift time before S1 + S2) around them in
window... order to suppress correlated S1 +

e ...o0rno correlation with S1 and S2 52 events.
as defined by BDT or S1 top area * |In orderto not lose isolated S2s at
fraction cuts the modeling stage

e Either S1 < 150 PE or no S1 within

the same event window.



Boosted decision tree cut 24

z E 1.0
— Signal |
4.— —AC :
o i 0.8+ — Signal
[ i — AC
— 103k i D
ok | = 0.6
<, | %
S 102k | O
é’ 10 i é 0.4+
10:_ Sideband i
: i 02-—L|_|_‘_“
3 | | | | i 08— | | | L
0.0 0.2 0.4 0.6 0.8 1.0 .0 0.2 0.4 0.6 0.8 1.0
BDT Scores BDT Scores

 Random pairing of isolated S1 and S2 will lead to random drift times and unphysical values for peak

features depending on the event position
* |n essence multi-parameter space extension of an S2 width cut using gradient boosted decision trees

* Train on data-driven AC templates, pick signal acceptance and associated AC rejection based on full

waveform simulation of signals



Shadow cut

25

1 ,
0.5 — Signal :
—— Isolated S1
0.1F
0 . < Preliminary g
— S
= 0.3" N 1072
> Excluded S
o < 10 5
v 0.2F %
2,
%
0 1- 1074k .. z :
' Signal
! « Isolated S2
oI R ETI Lol e e 10_5 -0 I—4 L l—2 : :
0.0%70-=""16=3 102 0.1 1 10 10 10 10 1
Szprev/Atprev |[PE/ns] f(\/(Axprev)2 i (Ayprev)z,' S2)

* Time veto that rejects everything within certain periods of large S1s or S2s

* Shadow veto rejection based on S2qev/Atprey

» Position correlation veto based on S2 spatial correlation with preceding S2



AC model in XENONNT WIMP analysis 26

—  Model is purely data-driven, large isolated S1 and S2
Reference

&
e

samples achieved due to triggerless DAQ

Events/bin
[
=
o

e |solated S1 rate similar to XENON1T, isolated S2 rate 100

times higher (lower extraction efficiency)
* Make AC template by random pairing of isolated S1 and S2

* AC rate prediction from isolated peak rates after preparing

\ cuts: 3.2 events in SRO WIMP data

\ » Suppression at peak (shadow and S2 spatial correlation with

. . l.l preceding large S2) and event level (S2 width, BDT)
0 20 40 60 80 100 10°*
cS1 [PE] Events/bin



AC validation in XENONnNT WIMP analysis

27/

* Model validation in AC-domiated samples of science data, 220Rn and 37Ar:

 WIMP ROI passing all cuts

* AC sideband not passing S2 width or BDT

WIMP data
sideband

S2 [PE]

8

~1.6
w

E ,
= 0.8
o

©0.0

2000

1000

[ Expected
L ¢ Observed

- el - La ._T
4

& . L-

‘ K _ -

|

- | 1 | |
1 50 100 0.00.6 1.2
S1 [PE] Counts / 10PE
[ —— | B
-2 0 2

o-deviation from expectation

Ar-37
sideband

3 20- by
~ ; ¢ Expected
b $ ¢ $ ; ¢ Observed
§ 10F 3 $ >
8 O [ == ‘Pfenm..i.; =
o.r = o
350 =
=) =
& 300 "
N —o—
m ——
250 -
= ]
2004 15 30 00 1.5 3.0
S1 [PE] Counts / PE

o-deviation from expectation



S1 detection efticiency

28

» S1 detection efficiency modeled either by:

e waveform simulation (final model)

PY IhantetrrarnminAa ~fF €1 hite from 37Ar and 83m|<r S1 S

at 2.8 keV, 9.4 keV and 32.1 keV (cross-check)

* Grey regions denote invalid areas from requiring 2-

or 3-PMT tight coincidence within 50 ns

e Data-driven uncertainties from data selection bias,
energy- and position dependence of S1 pulse shape,

and statistical uncertainty

* Simulation uncertainties dominated by position-

dependence of S1 pulse shape

c o o o &
N H~ o) oo -

S1 Detection Efficiency

=
=

 pigrEEEEzEEER:
o X
T  J
1
2
7
¢ Waveform Simulation
Waveform Simulation
Data-driven Method
3 ¢ Data-driven Method

5 10 15
Number of Photons Detected




Neutrino tfluxes and recoil spectra
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10°
Rev. Mod. Phys. 92, 045006 —— Solarpp S m, =6 Gewfzm“s J. Phys. G46 (2019) no.10, 103003
o 108 Solar 1°0 B x10™" cm?
I> /_WI — SOlar 13N r— 10 % S CNNS
qu) _L_--'L\ Solar 'Be & pep —"> - o
— 5 |- - B
Im 10 / \I — Solar 8B ﬁ ] = hep
X | Solar hep N T m, =100 GeV{czlo_M :
. ,—4 L X cm
E 102 F — ggrncgspherlc L 10 = \%\ \ m, =40 GeV/c? -
a — = Sum spectrum ‘Tx 10-2 ::DSEB N\ x0 e
<= 107! | \ A = — —_ \
5 | \ g oL I
= 52 107 \
8 1074 F \\____~~~ E \ \\
= ~§~~~\ 10—4 E_ \ N\
10_7 I . I Ll L1l - L1 | \||\ | | |\|\| L |
102 105 10° 5x107" 2 3 4 56780910 20
Energy [keV]
p o
O o E2 CEVNS of solar 8B neutrinos
U o o
T = ~ O(1) keV mimics ~ 6 GeV/c2
2ED ~+ mA02

WIMPs (neutrino fog)
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3" PMTs, low radioactivity, QE ~ 35 % at 175 nm

238 Hamamatsu R11410-21 PMTs



XENONNT Time Projection Chamber 31

! -

Outer vessel

Inner vessel

Diving bell
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XENONNT Liquid Puritication 32
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* High purification flux for removing electronegative

XENONIT: 0.65 ms = 0.9 x maximum
drift-time (30 % cathode survival)

impurities: 2 | /min LXe = 350 kg/h

: , * Low-Rn filters for science data taking
XENONNT: 2.2 ms maximum drift

(> 90 % cathode survival) e Achieved electron-lifetime of > 20 ms



XENONNT Radon Distillation Column

33

Radon-free compressor
as heat pump

LN2/Xe heat

~—  exchanger

n B T Xenon

l Radon

Reboiler and
Xe/Xe heat
exchanger

« Constantly remove emanating
radon from xenon using
difference in vapor pressure

e Remove radon faster than it
decays (T12 = 3.8 d)

 Liquid xenon inlet and outlet

with 0.4 I/min = 70 kg/h LXe



XENONNT Radon Distillation Column
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* Reached equilibrium 7
concentration of 1.72 uBg/kg by ;Z :|||||| ||
gas extraction only % | |||||*|||| | | \
» Background goal 1 uBg/kg e *I# H iH{H}mﬂ*ﬁ{*HH iﬂ* ﬂ I*HH "*I H*** WNN
e Additional factor 2 in Rn :- *. gztzR” Clx-decay | best it cauorum: (172  0.03) Bk
removal possible in the future _—
using originally planned liquid g 0bo s ._.._____:‘_:___,_:.,________._._____,:‘__.,....,__
extraction é—z- REP
0 10 20 30 40 50

days since distillation start (intermediate mode)



