©

Brookhaven

National Laboratary

Prospects for
Physics with
VT
Appearance in
DUNE

Prospects for Physics with v Appearance in DUNE

Community Summer Study

SN %2 WMASS

4 July 17-26 2022, Seattle

Mary Bishai
k? Brookhaven

National Laboratory

July 20, 2022

1/34



©

Brookhaven

Prospects for
Physics with

VT

Appearance in
DUNE

Mary Bishai

= Probing unitarity with v, — v;
in DUNE: beam oscillations

DUNE FD

2/34



~,
9
Brookhaven

National Laboratary

Prospects for
Physics with
VT
Appearance in
DUNE

VT
Appearance in
DUNE FD

Different LBNF/DUNE v Beam Designs

Horn A Horn B Horn C Upstream
Baffle (w/ Target) ‘ Decay Pipe

Window

The current LBNF/DUNE reference
design is a 3-horn design optimized
using genetic algorithim to maximize
sensitivity to CPV.

The original LBNF/DUNE design in

the CDR was NuMl-like with 2 Target
upgraded NuMI horns, a movable Carriage
target upstream

Upstream

Horn 1 Horn 2 Decay Pipe
Window
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Prospects for CPV Optimized Design
Physics with vV, - V.Appearance at 1300 km vV, - V.Appearance at 1300 km
V.
o 1 1
Appearance in © P x o (Evenis/GeViki/1e20 pot) © P x 0 (CC Events/GeVIkI/1e20 pot)
DUNE oo N | Unoscillated @) (v/GeVim /2x10” p.ol) 0.9 W @ P x o (QE Events/Geuki1e20 por)
B Unoscillated o0, (vGevim 2x10° poly
Mary Bishai 0.8 v o 10 em e 08 e e emoen
Pxo(0¥em?) Px0(10%cm?)
0.7
vy . 0.6
Appearance in R
DUNE FD 0.5
0.4
0.3
0.2
0.1
o P M e
0 5 10 15 20 25 30
E, GeV
vy — Ve 290 events v, rightarrowr, 60 events

in 40 ktons, 1 year at 1.2 MW
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Higher v Energy Beam Tunes with DUNE . sisnai proposa

NuMl-like design target -2m from horn 1, horns 17m apart with 230kA

vV, - V.Appearance at 1300 km

n
1
@ x P x g (Events/GeV/ki/1e20 pot.)
ool N | Unoscilated o(s,) (Gevim 2x10° poly
—_— 0, v x10
0.8 v..CC o (10 em Y56V
Pxo(0”em?)
0.74]
0.6
05
0.4
0.3
0.2
0.1 _
oA e T
0 2 4 6 8 10 12

E, GeV

v, — Ve 330 events

Y

[

- v Appearance at 1300 km

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

%

@ x P x ¢ (CC Events/GeV/ki/1e20 pot.)
BN © P x 0 (QF Events/GeVik/1620 pot)
Unoscillated (v,) (v/GeVim “2x10° p.of)
PO, ~v)
v, CC ofE (10 em “/Gev)

Pxo(10em?)

v, — v, 700 events
in 40 ktons, 1 year at 1.2 MW

Increase v, appearance 10x!!! Increase high energy v. appearance = NSI/Sterile searches
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Prospects for Using v, appearance for precision oscillation measurements is difficult. For v, CC
Physl'fs with interactions where the T decays hadronically there is a lot of smearing:
=

N
Appearance in p(ElVew |E,/1\1e)

DUNE More likely

Mary Bishai

Vs
Appearance in
DUNE FD

[GeV]

TECo.
v

E

0 Less likely
0 5 10 15 20

Bt [GeV]

Phys. Rev. D. 100, 016004 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.016004
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v, in LArTPC

True labels
- Background
- kaonst
- hip1l 300
. = hi
-==- Invisible or Short-ived ~ e
- hip3
—— Track-ike w0, 3 - pit 250
—— Showerlike < b = g2 ;
. g - pi3
- pi4 - | 200
2 2
150 150
100 100
50 50
300 300
550 0 e 0
y - N y - 5o
a0 4 a5 8on

v, CC signature in a LArTPC is complex - machine learning techniques are
development to fully take advantage of the level of detail available.
see talk by A. Aurisano at NuTau2021

Predicted labels
- Background

kaons1

kaons2

hipt

hip2

hip3

pil

pi2

pi3

TR

still under
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https://indico.bnl.gov/event/10495/contributions/51759/attachments/37413/61640/aurisanoNuTau2021DUNEAtmos.pdf
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Likelihood ratio distributions /
2006

Log(LLp)

>e analysis (l) Signal = v; (t—>e) || Backgrounds = ve (osc. + beam)

Vi—>Ve Ve

» Corresponding log-likelihood distributions. 38% signal efficiency for 95%
oscillated ve rejection and 87% beam v. rejection (harder separation because
they have higher energy).

» Analysis repeated also with machine learning
techniques.

) Artificial Neural Network (Tensorflow keras) and
BDT (TMVA toolkit) didn’t improve the likelihood
S/B separation results, even in the most
favorable case without smearing applied.

Samples S&B size: 30000 events

» Transverse missing momentum has powerful separation power. Use also
] hadronic and leptonic momenta and the 3 angles of the plane. 6 variables in
total (see back-up).

» Irreducible missing momentum for ve due to final state interaction, Fermi
momentum, neutrons ...

Signal efficiency

Transverse missing momentum distributions

EvCC (1 e)
[ v,CC osc.
—— Smearing

P (Gev)
—

ROC - Neural Network vs Likelihood

~—— Neural Network g
v Likelihood S L
b2 e
v L
v P
v e
L
/ -
v Lo
i e
fr g
(e
L
-

04 6 08 10
Background contamination

from presentation by Thomas Kosc at NuTau2021
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https://indico.bnl.gov/event/10495/contributions/53907/attachments/37349/61678/NutauWorkShop_Sep21_NutauSearch_ThomasKosc.pdf

©

Brookhaven

National Labaratary

Prospects for
Physics with
VT

Kinematic reconstruction of v, using 7 — ev - in DUNE

t—>e analysis ") Signal = v; (—>e) || Backgrounds = ve (osc. + beam)

CP optimized flux

. 7 optimized flux
APPS“‘J’"\"‘EG n » Significant improvement using the t optimized flux: v mode I
" . s, | IS
V. from oscillations ~ constant . —
Mary Bishai ~ Ve from beam contamination x1.5 . from beam cont
v, statistics x6 ! 7, from beam cont. 57 56
\ v, 9660 37673
v -
. - m
Appearance in » Initial S/B gets a factor of 4! v, from oscillation (QEL/RES/DIS) K270 (124/62/70) | 1658 (531/397/448)
DUNE FD 7, from oscillation 75 7
Significance - v flux comparison NC 8228 17564
g o » The likelihood was found to perform slighly less well with the alternative
3 configuration beam. However the Asimov significance (plotted as a function of
5 =GP flux thte log-tlikelihood czt value u.sed), 3.5 years staged normalized is boosted (from
5 2 to 9 at corresponding maxima).
. Tflux 9 P g ) log-LH cut 0.6 1.0 1.6
3 vt signal 151.6£1.2 | 98.2+£1.0 | 23.8+0.7
2 » Corresponding number of ve(osc.) | 143.6+0.5 | 60.0+0.3 | 6.1*0.1
20 5 0 @5 00 05 10 15 20 events for the T optimized beam: ve(beam) | 823:2.0 | 381%1.4 | 6.6%0.6
LoglL /L) out ve(total) | 225.9+2.1 | 98.1%1.4 | 127%0.6

from presentation by Thomas Kosc at NuTau2021
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https://indico.bnl.gov/event/10495/contributions/53907/attachments/37349/61678/NutauWorkShop_Sep21_NutauSearch_ThomasKosc.pdf
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v, Appearance Measurements in DUNE

Using some optimistic assumptions about v, CC events in DUNE with 7 hadronic decays
and simple smearing a possible signal in 3.5 yrs running in CPV optimized beam and 1 yr in

HE beam:
Appearance spectra
10 2 % High energy mode
T~ events —— Events with smearing € &
71 events Antineutrino mode .
= —— NC Background events BE 0=
2 Neutrino mode| =, A
b - 5
) ) =B
= = =
E 20 E 10 =~
= = £ 10
5 3 =
=, <
.3 -
)
| 0
5 10 15 20 0 5 10 15 20

B [GeV]

B3 [GeV]

B [GeV]

Phys. Rev. D. 100, 016004 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.016004
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Simple Unitarity Tests with v Appearance in DUNE

Prospects for
Physics with

vy Run in 3.5 (v) +3.5 (©) years with v,
Appgalj‘,“\l"ge LY disappearance, v. appearance and v,
appearance in the default CPV-optimized
beam or combine all 3 modes with 343 years
in LE 4+ 1 year in v-optimized beam: 30, v, Disappearance Only

Mary Bishai

\\\ Ll

Vs
Appearance in

DIURYE FD U: Unitary matrix, N: non-unitary matrix

All Channels (3.5 + 3.5)

AN

-1
11 0 0 |10 r / ]
N i
U->NU=| anx ax 0 U T Feel & A
az ax  ass RS s
L Vi |
A small amount of running in the v, beam /!
can provide a powerful unitarity constraint 10-2 L
102 20 3o
|evaa| Ax?

Phys. Rev. D. 100, 016004 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.016004

Brqurh\aven‘ PMNS Matrix Elements: 3™ Row
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Prospects for The elements of the 3rd row of PMNS matrix elements are the least well measured.
ST Experiments probing v, physics are key to precision measurements of PMNS.
Appearance in Precision from current experiments (arXiv:2109.14575v2 [hep-ph]):

DUNE 0 :
Mary Bishai 8

Vs
Appearance in
DUNE FD

Ax*
— o e ke o

@ =~

I

-

pa——

e

?Zlﬁ;\/ -

0.0 0.1

0.2 03 04 0.5 0.6

|Urs|

It takes a combination of many very different experiments to constrain the 3rd row of
PMNS. The DUNE constraint is the most powerful from a single experiment and does
not yet include the significant improvement that could be achieved with the v, optimized

beam.
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https://arxiv.org/abs/2109.14575
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PMNS Matrix Elements: 3 Row

The elements of the 3rd row of PMNS matrix elements are the least well measured.

Experiments probing v, physics are key to precision measurements of PMNS.
Precision from future experiments (arXiv:2109.14575v2 [hep-ph]):

)
0.0

FASERy

— | \ Il
DUNE A | A\ i
\\\ W "\ \- \ i
AN (B | |
\(\ \ \ (5.3) LT N M _/ S T
. Future] S I 2
0.1 02 03 04 05 0.0 0.1 02 03 04 05 06 0001 02 03 04 05 0.6 0.7 08
|Un | |Ura|

|Urs|

It takes a combination of many very different experiments to constrain the 3rd row of
PMNS. The DUNE constraint is the most powerful from a single experiment and does
not yet include the significant improvement that could be achieved with the v, optimized

beam.
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https://arxiv.org/abs/2109.14575
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Improved 3-flavor physics sensitivities with running in combined
CPV+v; optimized beams (v CPV+& CPV+v nutau + ¥ nutau)

Running in CP-optimized beam (LE) Running in v -optimized beam (ME)

maximize fraction of ., values with > 3o sensitvity maximize CP sensitivity area

All channel V=BV, =, v =V BV, =, Va— @Y, =
§ e ———————wy T e T
5k + J06 T M LE@5+35+0+0) b
) == ME@0+0+35+35
4l 1 JoaF T F= RE™p+2+1+7 |
Z 04l 1 — RE(3E+25+1+05)
el : 1 1
2 03p —+ E
n L 4 <
=2 02 + R
1H il 1 ]
[ T—— —— el 0 i
sk 1 Josf 4+ — E@Es+3s5+040) |
' —— ME(0+0+35+3.5
o 4 1 {051 T == R 4r15+1405| |
=2 0.4l 1 — rBa+15+05+1 | |
w L 1 J
2 ) 0af + 1
s 2t T {02l 1 1
1 il 1 ]
Loisalinin R I 0

"
—180-135 90 —45 0 45 o) 135 180 90 —45 0 45 90 135 180 90 —45 0 45 90 135 —180 90 —45 0 45 9) 135 180
True & [Deg ] True & [Deg.] True § [Deg.] True § [Deg.]

Phys.Rev.D 102 (2020) 116018
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.116018
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See Miriama Rajaoalisoa talk at NuTau2021
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https://indico.bnl.gov/event/10495/contributions/53910/attachments/37406/61630/NuTau21_Search_for_anomalous_tau_neutrino_in_DUNE_ND.pdf
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selection using kinematic variables in multiple channels

Signal and background separation

Transverse kinematic variables

decay channels

p Electron channel

. v

v, CC (t—e")

» Muon channel

B.R.=17.41%
&\

vy CC (T—p)

09/29/21 Miriama Rajaoalisoa | Search for anomalous tau neutrino in the DUNE Near Detector

v, CC

v, CC

» Rho channel
"

b A
iy Y
vr bd
2
Wt p
$ _ //\
’A\ B.R.=25.5% / \\
7N Ar
Ar \
v, CC (T—p7) Neutral Current

> Select the v, events from corresponding backgrounds based
on their kinematic differences (similar to those used in NOMAD).
* Inp, CC interactions, the T will decay into some visible
products and neutrinos.
» The neutrinos take away some energy, use missing
energy to differentiate.
+ ROOT TMVA : Machine Learning algorithm (Boosted
Decision Tree Gradient - BDTG) to separate v, CC
from their backgrounds.

@ GINGINNAT
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Physics with = ]
v = =
Appearance in 102 = T
DUNE 8 ]
10 ]
< E =
> - =
A 1
NE E All channels, 1.1e+21 POT, 67t Fiducial Mass
< = DUNE 90% C.L., 10% systs, no smearing
1 B ——— DUNE 90% C.L., 10% systs, with smearing 3
107 =
E —— NOMAD 90% C.L. <
C ——— CCFR90% C.L. : s .
102 ——— DUNE Simulation —J
E — CHORUS 50% C.L. Work In Progress -
C —— E53190% C.L. 1
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10° 10° 10 100 102 107
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See Jing-yu Zhu talk at NuTau2021
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https://indico.bnl.gov/event/10495/contributions/53906/attachments/37421/61659/nutau2021-zjy.pdf
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F;"fysg:tvsviﬁ' The HNL interacts with the SM through a transition magnetic moment to active neutrinos.
Cur The HNL is produced through up-scattering of active neutrinos and subsequent decay inside
Appearance in . . .
DUNE the detector with a single photon signal.
Mary Bishai Methods at DUNE
We start with the tau neutrino flux generated by the neutrino oscillations and
consider coherent scattering off nuclei and incoherent scattering off protons,
neutrons and electrons.
Upscatt. outside ev.
PSS Vs
ND .,A.A.AvA-‘v‘N.‘-v"v‘V"‘"' v o
P SO AAAAAAMAN VRSP RS RO A
v+ magnetic Y
moment Lrp

Assumptions:

Target
» Dirac neutrinos
» The heavy neutrino flavor mixing with E

active neutrinos is negligible and the
dipole interaction dominates.

JHEP 07 (2021) 200
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https://link.springer.com/article/10.1007/JHEP07(2021)200
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Prospects for 3 ‘k T LI B B II 1 T ‘\ T 1T 11T II T T T 117 I'T I T T T 1
Physics with 3 xS 1 S 1 4, LEP95%CL. ! E
v 4| N H S 1] h
Appearance in 10 E ‘\\ : ‘? I'I'
'~ ¢ Y o .
DUNE S S, IXengnlT 90% C.L. N, ' 4, ,1EPPS%CL. ]
Mary Bishai

v+ magnetic
moment

e

u;;{’- DMS 65 ev/1—ton year

v

T
1

Y Bl
i
1
1
§
1
#
3
R
(o]
"

\ = === SBND 95% C.L. ]
10°1° Ll e SR . M| MR

107 1072 107! 10° 10!

JHEP 07 (2021) 200
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https://link.springer.com/article/10.1007/JHEP07(2021)200
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Physics with T TR T —T—TTTTy g
v ] BN NS d, LEP95%CL. 3
Appearance in 10_4 R : 1 _-
DUNE 1 /
! d, 7 LEP/95% C.L. / ]
Mary Bishai .
— F
| f—— ]
> 107%E E
) E 3
@) = ]
=

-= E1~ ~ Sorey; =
: = E\ 465 ~~0+Sk__ E
v+ magnetic — b <cv klonfd; P ]

moment 1078 - Xenon1T 90% C.L.

SuperCDMS 63 ev/1-ton year Borexino 90% C.L.

Ty

Ll

MiniBooNE 95% C.L.

T
sl

=== JceCube 1 ev/6 years

10-1° " —I T \l

102 107! 10° 10!

._
3
%
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https://link.springer.com/article/10.1007/JHEP07(2021)200
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Physics with ST T RS T T T T T TS
v i H'\ \:: d, LEP 95% C.L. E
Appearance in ~, - ]
ppDUNE 1074 S SIS - 7 . J[PoNERD 4
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: \\\\,'(9). ,f:\" E
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= R4 AN ]
ENY C
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ool T R el ]
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JHEP 07 (2021) 200
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https://link.springer.com/article/10.1007/JHEP07(2021)200

Probing new physics beyond

3-flavor oscillations with the
higher energy beam tunes in

DUNE

23/34



© NSI in Long-Baseline Oscillations

Brookhaven

National Laboratary

e Inthe Standard Model,

Prospects for & v
Physics with Ve Ve ¢
vr w Z
Appearance in
d u d d

DUNE — - _ -
Lee =W 7" BV Y ES) Loe =W 7" BVISV,ES)

e With new physics, we could have

Loe =" BY NIV, Ponl ) Lye =07 BY NIV, Paf")
d—"CCNS| ¢ d—"NCNS[ 4
production, detection propagation
Beyond vSM
with HE
beams 0
H=U Am3, /2E U+ Vmsw
Am?3, J2E
1+ ee € €or
Vmsw = V2Ge N, & &, e
ms* mx* m
691' ey.‘l' ET‘I’
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E, GeV E, GeV
AP, Her £,,=0.3 APue’ SE“=0.3
0 \ 1 0 : 1

Beyond vSM -0.2 05 02 05
with HE
beams <04 ‘ 04

8 0 2 0

© 3

0.6 0.6
08 . 05 08 ‘ 0.5
- -
\
i
1 10 100 1 10 100
E, GeV E, GeV

o
-
-
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Physics with P. Coloma et. al. JHEP 02 (2020) 023:

VT
Appearance in ---= LMAD —— OSC+COH Total Rate —— OSC+COH Our Fit t+E Chicago
DUNE — LMA —— OSC+COH Data Release t+E  —— OSC+COH Our Fit t+E Duke
Beyond vSM
with HE L
-0.03 0 003
beams
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https://link.springer.com/article/10.1007/JHEP02(2020)023
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© CP Asymmetry vs E,, and 4,
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Prospects for

Physics with Plvpy — ve) — P(0p — 1e)
v A = — —
Appearance in P(Vy, — Ve) + P(Vy. — Ve)
DUNE
Mary Bishai
o.s8
o.6
o.a
o.2
B d vSM °
eyond v _
with HE o=
beams —o
-O.€
-O.8

+ E, cev®

Asymmetries caused by CPV and matter are a complex phenomena

27 /34
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Prospects for

Physics with P(l/“ — Ve) _ p(D” — ﬂe)
Ve A= Y Y
Appearance in P(V;J, — Ve) + P(Vy. — Ve)
DUNE
Mary Bishai B
—
a
o.s8
o.s
o.a
o.2
Beyond vSM °
eyond v N
with HE ©.=2
beams -o.4a
-o.e
-o.e

E, cev®

Asymmetries caused by CPV and matter are a complex phenomena
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© Extricating NSI from 3-flavor Oscillations
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Prospects for NSI could also impact interpretation of observed CP asymmetries in long-baseline:
Physics with 15

vr “r €epl, |€ec| € [0:0.1]; 8, dey, Ger = [-71: 1] (NSI 1
Appearance in r NH (lszw[!nl; ]-Eri |(SI) ’ ] e e = [ 16 ) IH 1
DUNE i - ]
Mary Bishai 1 [ S T 7]
0.5, - .
o @ T 1
O = + 4
< [ 1
0 — - —
Beyond vSM 0=k 1 N
with HE 05 L 3 1
beams ¥ W -----. 1
T T T T T R S e S HR S R S R R R

-
N
w
'S
57}
=
~
@©
el
=
(=1
—-
]
w
'S
9}
=
~
@
o
—
o

E [GeV] E [GeV]
1.Phys.G 43 (2016) 9, 095005
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https://iopscience.iop.org/article/10.1088/0954-3899/43/9/095005

© | Extricating NSI from 3-flavor Oscillations
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Prospects for Study NSI sensitivity with GLoBeS using v, — v, and 3 sample LBNF-like beam tunes :

Physics with * . _ _ _
. LE, ME and HE*. NSI parameters used: |€..| = 0.04, |€er| = 0.04, €ce = 0.4, ¢.pn=0, ¢or
Appearance in
DUNE 120 T T
v N EELOLm) set NSI(8p=7/2) ---* NSI(8y=-7/2)
Mary Bishai 1007“""“'35‘“ -==+ NSI(65=0) st ]
E sor LE(5+0) | MEG+0) | HE(5+0) |
&
= 60p = ]
& 401
20
Beyond vSM
with HE
beams

E [GeV] E [GeV] E [GeV]

NSI effects in v,, — v. are larger at higher energy

Sci. Rep. 9 (2019) no.1, 352
2 NuMI horns, 230kA, 6.6m apart and horns were not moved for higher energy beam tunes (non-optimal beams). Decay pipe was

assumed to be 250m. 30/34


https://www.nature.com/articles/s41598-018-36790-6

~
9
Brookhaven

National Laboratary

Prospects for
Physics with
VT
Appearance in
DUNE

Mary Bishai

Beyond vSM
with HE
beams

Extricating NSI from 3-flavor Oscillations

Fraction of Sl 6., for

which SI/NSI can be separated at the 3/50 level:
‘HH‘HH‘Solid:LEJrME sof T

VEHYG) | Dashed: LE+HE |— 50 (10) + v(0)

07 I I I I ] I I I I I I I I I
0 1 2 3 4 5 1 2 3 4 5 6 7 8 9 10

Runtime for LE beam [yrs.] Runtime for LE beam [yrs.]

Can achieve 30 separation for > 80% of true d;, No beam optimization attempted yet!
Sci. Rep. 9 (2019) no.1, 352
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https://www.nature.com/articles/s41598-018-36790-6

© Other physics enabled by the higher energy beam
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m Extend the search for large compactified extra
dimension from String Theory models that 1
manifest through mixing between the

DUNE
Simulation

== DUNE ND+FD 90% C.L.

AmZ, (eV?)

Kaluza-Klein states and the three active neutrino 107 E _ pune oomy sow 3
E JlKopp etal. (2013) S|

states. [ [7]Gariazzo et al. (2016)
. 102 E Otsnosow cL E
m Extend the search for v, — vs in both ND and E —inBooNE 0% C.L E
Beyond vSM FD to lower masses and smaller mixing angles. 10° ,_:fxsz;ﬁ; ]
with HE .. R E— MINOS and Daya Bay/Bugey-3 90% C.0 E
beams m Precision measurements of 6y in DUNE ND F — SBND + MicroBooNE + T600 90% G.L ]
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© Summary

Brookhaven

National Labaratary

F;r'osRectS_fTr m A strong and incomparable program of precsion measurements of the full 3-flavor

SICS i - . . . . - .

w,', W oscillation model using v, — v.- is possible at DUNE using proven MW neutrino
- 8 Vpn P gp

Appgadf\l"ge in beamline designs from NuMI that can be installed in the LBNF beamline

m Studies show that running in the v optimized beam for 15-20% of the time

Mary Bishai
does not impact sensitivity to CPV and may even improve it!
m Preliminary simulation and reconstruction efforts demonstrate that DUNE can extract

a clean v, CC signature from other v interaction backgrounds. Further work is needed
to realize the full potential of DUNE LArTPCs (both ND and FD) to reconstruct v,

m The higher energy wider-band beam optimized for v, appearance also opens up a new
frontier of using precision oscillation measurements to search for physics beyond the
SM for example HNLs, new interactions in matter, compactified large extra
dimensions, sterile neutrinos, precision EW measurements in ND..etc

IMHO, incorporating a program of running in a higher-energy beam tune optimized for v,
appearance in DUNE Phase Il is a NO-BRAINER. This can also set physics requirements for
new LArTPC technologies for detectors 3 and 4 given the complexity of v CC topologies

and the need for accurate reconstruction of kinematics.
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