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MicroBooNE
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v Welded
Sprayed Foam Removable

Insulation End-Cap

HD Foam
Saddles

S. Zeller, PAC, 06/05/13

e 170 ton LAr TPC

- same beam & location as MiniBooNE
- new detector technology

* goals:
- MiniBooNE excess events

- O,, measurements in argon

- R&D for future LAr TPCs




* 109 collaborators from 19 institutions, ,

Jt
L. 3

Brookhaven: H. Chen, S. Duffin, J. Farrell, F. Lanni, , D. Lissauer, G. Mahler, D. Makowiecki, J. Mead, V. Radeka, S. Rescia, A.

Ruga, J. Sondericker, C. Thorn, K-C. Wu, B. Yu
University of Chicago: D. Schmitz
University of Cincinnati: , R. Johnson,

Columbia University: N. Bishop, , L. Camilleri, C. Chi, J. Dickinson, ,
B. Sippach, K. Tatem, , B. Willis

, B. Seligman, M. Shaevitz,

Fermilab: , B. Baller, D. Bogert, , , H. Greenlee, C. James, H. Jostlein, M. Kirby, ,B.

Lundberg, A. Marchionni, S. Pordes, J. Raaf, G. Rameika, B. Rebel, R. Schmitt, S. Wolbers,
Kansas State University: T. Bolton, , , G. Horton-Smith,

, G.P. Zeller*

Los Alamos: G. Garvey, J. Gonzales, , B. Louis, G. Mills, ,R. Van de Water

MIT: W. Barletta, L. Bugel, ,J. Conrad, , , ,
Michigan State University: C. Bromberg, D. Edmunds
New Mexico State University: , V. Papavassiliou, S. Pate,
Otterbein University: N. Tagg
Princeton University: R. Klemmer, M. Komor, K. McDonald, W. Sands
Saint Mary’s University of Minnesota: P. Nienaber
Syracuse University: , M. Soderberg
University of Texas at Austin: , , K. Lang, R. Mehdiyev
University of Bern, Switzerland: A. Ereditato, 1. Kreslo, ,
INFN, Italy: F. Cavanna, O. Palamara (currently at Yale)
Virginia Tech: , , C. Mariani
Yale University: , E. Church, B. Fleming*, , ,

, M. Weber

* spokespeople

S. Zeller, PAC, 06/05/13



.
Motivation = MiniBooNE Excess Bl

* MiniBooNE has published v_ and v, results with the entire data set
(Aguilar-Arevalo et al., Phys. Rev, Lett. 110, 161801 (2013))
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* unlike MiniBooNE, MicroBooNE can
distinguish e™’s from ¥’s

=~ if assume an electron signal

and have analyzed for an e~

s if assume a photon background
and have analyzed for a y

(simulated v, QE event) N = e

(projections for 6.6x102° POT)
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G. Zeller
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* this topic has received a
lot of attention recently

* v cross sections historically
not well-known in the energy
range we care about

- crucial for v oscillations

* new data is telling us that
nuclear effects are far more
complex than we thought

- has forced a dramatic shift in
our thinking in last couple years
(ex., MB O, program >650 citations)




MiniBooNE QE Data

(one ex: Martini/Ericson, arXiv:1303.7 199 [nucl-th])
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* new data suggest that
more complex nuclear
processes are taking
place and as a result,
we may be missing a
large source of events

Vu_) uw p
P

* similar effects have
been observed in

e-nucleus scattering
(Carlson et al., PRD 65,
024002 (2002))

* important to get this right (need more datal) & into our simulations (re: E,v vs. V)

S. Zeller, PAC, 06/05/13




L,
ArgoNeuT A
==

* there are already some interesting results coming out of ArgoNeuT
(“hammer events”; see Fermilab Today article this Friday)

* CC neutrino interactions with two energetic back-to-back protons

_ Vu[n] P WP
| . P
Interaction vertex ‘

are we seeing

direct evidence

for short-range
correlations

in neutrinos?

(O. Palamara, ArgoNeuT data from 175L LAr TPC in LE NuMI beam)
not sure

S. Zeller, PAC, 06/05/13
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* will more precisely examine final states produced in Vv interactions
by exploiting LAr TPC capabilities and building off of what we’ve
learned in both MiniBooNE & ArgoNeuT

500 600 700 800
T ——T T ——T—

1000 1100
— T

1800

1700

1600

|

1500

1400

1300

-IlllIllllIlllllllllllllllllllllllf

(simulated v events i
600 700 800

a8

n MicroBooNE)

900

1000

1100

2500

2000

1500

1000

500

IIIIIIII|IIII|III]|IIII||II -

lllIlllllllllllllllllllllll

BNB NuMI
Total Events 145k 60k
v, CCQE 68k 25k
NCne 8k 3k
ve CCQE 0.4k 1.2k
POT 6x1020 8x1020

Projected Event Rates for MicroBooNE in 2-3 years.

* MicroBooNE will make first O,
measurements in argon at low
neutrino energies (~1 GeV)

* these analyses will benefit from
well-known Booster neutrino flux

S. Zeller, PAC, 06/05/13
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* MicroBooNE detector is not a pure prototype for LBNE; however, it
incorporates several major advances over the (larger, 1°" generation)
ICARUS detector, which are important “proofs of principle” for next
generation large detectors:

- non-evacuated cryostat
- cold (in liquid) electronics
- 2.5 meter drift

* additionally, MicroBooNE will collect a large data set of v events
which will be used to develop fully automated event reconstruction

* being near the surface, MicroBooNE will also measure non-beam
backgrounds which are relevant to determining the reach of add’l
physics which can or cannot be done with a surface detector

S. Zeller, PAC, 06/05/13



Collaboration Organization

Cosmic Rays — L. Kalousis, S. Lockwitz
Veto Studies - T. Miceli
Bo Vertical Slice Test — M. Toups

* physics groups are fully active

& have been meeting regularly

* plus, grad student presentations
through-out this summer

S. Zeller, PAC, 06/05/13




Reconstruction

* preparing for another large
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* Rick Snider: LArSoft project leader (SCD)

* Rob Roser: several meetings with our PDs
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MicroBooNE Status
R

* less than a year ago ... —— DAB

empty clean room il
tent at DAB

| ¢ LArTF was just
artist’s rendering

het
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MicroBooNE Status
1

°* how we have ...

a detector —>

<—— and a really nice place to put it

in the Booster neutrino beam

S. Zeller, PAC, 06/05/13
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Project & Collaboration Closely Work Toge’rhe?"'-

* TPC part cleaning
last summer ...

* we are gearing up for another busy summer

S. Zeller, PAC, 06/05/13
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MicroBooNE Detector A

=
* 170 ton (total volume) LAr TPC (size of a school bus)

* TPC frame:

HD Foam ~ ..
Saddles

N
~
.
o,
e

MicroBooNE TPC
November 2012

S. Zeller, PAC, 06/05/13



L, B
MicroBooNE Detector B

* 170 ton (total volume) LAr TPC (size of a school bus)

e TPC frame:

* cryostat arrived in March 2013

MicroBooNE TPC
November 2012

S. Zeller, PAC, 06/05/13



MicroBooNE Detector
e ...
* 170 ton (total volume) LAr TPC (size of a school bus)

* cryostat arrived in March 2013

~ MicroBooNE TPC
November 2012

S. Zeller, PAC, 06/05/13
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Test Fit bl

* test fit of the TPC
and PMT rack in the
cryostat

(TPC with mock
wires installed)

i
HN\‘H 'x'gm'.s':'m/."n\ '
T 41111 i\

! ‘ ‘Z‘ “
i'zfe"’/ = e

"

April 2013
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TPC is Complete

ey — :
(y N e+ all 8,256 wires
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May 2013

wire stringing team: R. Grosso (Cincinnati), R. Acciarri (FNAL),
C. Rudolf von Rohr (Bern), A. Szelc (Yale), T. Strauss (Bern),
J. St. John (Cincinnati), S. Gollapinni (KSU), D. McKee (KSU),
J. Raaf (FNAL), J. Asaadi (Syracuse), S. Lockwitz (FNAL)
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Cold Electronics

front-end (cold) electronics arrive at FNAL this week from BNL

* will be installed in ) A “
TPC and tested I\ | No k. i s,

MRT Rack Front

NIM bin

NIM fan

MRT team: B. Littlejohn
(Cincinnati), L. Bagby (FNAL),
J. St. John (Cincinnati),
H. Chen (BNL) plus with

MPOD Here

Pulser fanout

- |
Pulser B8 ASIC Config help from BNL team!
Control
S Chassis Here
cope

Warm Cables

Cable Dressing Here

Grate

TPC RO Crate

TPC Fan

Wiener PS

June 2013

S. Zeller, PAC, 06/05/13




DAQ /Readout/Online

°* new event
viewer

(N. Tagg):

k////#/ |

i

B. Baller (FNAL), E. Church (Yale), K. Biery (FNAL), L. Camilleri (Columbia), S. Gollapinni (KSU),
G. Horton-Smith (KSU), D. Kalecko (Columbia), G. Karagiorgi (Columbia), W. Ketchum (LANL),
L. Kalousis (VT), G. Lukhanin (FNAL), C. Mariani (VT), R. Mehdiyev (UT Austin), Z. Pavlovic (LANL),
R. Rechenmacher (FNAL),M. Shaevitz (Columbia), A. Szelc (Yale), N. Tagg (Otterbein), K. Terao (Columbia)
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We Are a Popular Tour Destination

het

Delhi Umversn‘y sfudem‘s - May 29,2013

CD SOS team — April 22, 2012

S. Zeller, PAC, 06/05/13



Cryogenics System
E=a

* pipes pre-assembled at lab F which

will help minimize assembly time in
LArTF

* this will be first subsystem installed
in LArTF

J. Kilmer (FNAL), B. Rebel (FNAL),
B. Carls (FNAL), M. Cooke (FNAL),
D. Markley (FNAL), B. Sanders (FNAL),
J. Tillman (FNAL), M. Zuckerbrot (FNAL)
+ crew at lab F

/

R g

7 full scale mock-up &

and pre-assembly
at Lab F

S. Zeller, PAC, 06/05/13
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LArTF

‘ * received

beneficial

occupancy
on May 16,

2013

* MicroBooNE
will be the
first tenant

S. Zeller, PAC, 06/05/13



Inside LArTF
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Inside LArTF

* view from the lower level

S. Zeller, PAC, 06/05/13
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Activities at LArTF
25

computer room

cryo-piping being installed outside

S. Zeller, PAC, 06/05/13
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Current Schedule Rl
ER

* vessel should be ready to be moved over to LArTF in October

Detectors Assembly at DAB

flarc  April May June July August  September  October

Survey of TPC in vessel; Clean Tent r
Remove TPC from Vessel; Rotate Vessel

5 PMT Rack Install Dry Run, Survey PMT Rack in vessel P
Remove TPC installation fixtures; Clean TPC & Tent

Install Real Wires .I'
Tension - Survey - Tension - Survey -I.

Attach & Test Cold Electronics (also attach RTDs)
Clean Vessel Interior (can be done up to just before final install)

the grey box shows the original planned duration, before the
Check means this step is completed

1-week set up of BNL-delivered hardware, followed by multiple testing steps using M

Install PMT into Vesse! (in the case this goes in before TPC) - includes mount assembly and attachment to rack, insertion, cable tes
Install TPC into Vessel (dark- TPC goes in 2nd light-goes in 1st) - includes insertion, Alignment check, cart/rail removal

Pull Cold Cables, Electronics Tests at FT (dark- TPC goes in 2nd light-goes in 1st) .l. multiple testing steps using MRT

Install PMT into Vessel (in the case this goes in after TPC)

Install Drift HV Feed-through & Test -

Detectors Installation Sign-Off *

Reattach Endcap - Pressure & Leak Testing - Test readout includes electronics testing after welding _

Vessel Ready to Move to LArTF “

(C. James)

S. Zeller, PAC, 06/05/13



Current Schedule

Jt
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* installation /insulation of detector in LArTF before end of calendar year

| May

June

July August Sep Oct Nov Dec Jan-1|

i_Beneﬁcial Occupancy

|Survey beamline & block locations

\Install Dewars, Remove Platform

' Compressor delivered

\Install vessel support blocks and compressor
' Cryogenics Install Phase 1

| Disassemble Lab F mock-up

| Install cryo skids

| Install, weld & test piping sections

| Insulate piping around welds

| Cryo Controls Sensors and Wiring Installation
| Electrial service for Cryo

| Safety Reviews and Approvals

| Operate Phase 1 Cryo system

iComputer Room Prep

‘ Electrical power & cable tray setup

| Install Phones; Terminate Network Fiber
Move DAQ racks to LAITF - install CD Network switch

j Set up DAQ Computers
'Vessel Ready to move to LArTF

|Move and Install Vessel
| Apply Foam Insulation

(C. James)

Started with outdoor piping

]
=
]

Once network fiber is terminated, then AD Controls
can also come in and install ACNET Timing hardware

.I- Sys Admin set up OS
e
X
includes MRT testing at LArTF

@@E@"Eﬁ[ set up scaffol.

* then, purge, gas recirc, cool down, fill, liquid recirc ... commissioning

S. Zeller, PAC, 06/05/13
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MicroBooNE Project Funding and Budget

20000000
18000000
16000000
14000000
12000000
10000000

8000000

6000000

4000000

2000000 -
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TPC = $19,900,000

$1,900K

contingency

$3,800K

work left

(G. Rameika)

——Fund
$5,857K
| =—CD-2 BCWS
== Current BCWS
T T ACWP
$6,000K
$6,000K
; We are here
$2,043K
CD-2/3a
VNNNVNNVNPNNPNNNNUNPNNNNP\S WS . oo o o.T. . T T r r r r r r r. r . T r. T T T T T T T Trrrrr1
ggggygeeoeeeoocCcCc N0 00 3 YN
oS rEE3352ES3308Bs3308ET3388EES




het

* MicroBooNE is in our last year of construction

* the project and collaboration have been working very closely
to build the experiment

* we are extremely fortunate to have a lot of students and postdocs
who are fully participating in (and leading) detector construction
and preparing for our first data with this new device

* we have made excellent progress and we are eager to start
commissioning the detector

* we will be ready for Booster neutrino beam at about this time next
year (our request = 2x102%° POT/yr)

S. Zeller, PAC, 06/05/13
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Backups
N
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Flux Comparison

o 0.25
® ' NumiLE  NuMIME
. | Booster (300 kW) ;_..'-"--;.__( )
€ [ {3 (35kW) V4 L b/
- 0.2 . :: .-:.; P
8 - / ! :
X h - :
O :
3
~ 0.15
x
=
T

0.1

0.05 |

0O 1 2 3 4 5 6 7 8
E, (GeV)

(relative comparison, not neutrino cross section weighted)
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Evolution in Time

| I Intrinsic v, from K decay
0.08 - B Intrinsic v, from u decay

1500 2000 2500 3000

E% (MeV)
0.22F
0.2 I Intrinsic v, from K decay

0.18F Bl 'ntrinsic v, from u decay
> 0.16]; I = mis-ID
g A4F B A — Ny mis-ID
g . Dirt mis-ID

B Other

>
w 008 — Low-E excess signal

1500 2000 2500 3000
EX (MeV)

I Intrinsic v, from K decay
I Intrinsic v, from u decay
P ~° mis-ID
B A — Ny mis-ID

Dirt mis-ID
I Other
—— Low-E excess signal

1500 2000 2500 3000
E** (MeV)
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1x10%° POT
e-like: 2.20
y-like: 1.60

3x102° POT
e-like: 3.80
v-like: 2.80

6.6x10%° POT
e-like: 5.70
v-like: 4.20

Jt
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* evolution of expected
low energy excess
observation over time
(200-47 5 MeV, statistical errors only)

PRELIMINARY MC

0 L:.Ic—l__l_ .LJ.
0 2 4 6 8 10 12
corrected De/Dx over 2.4cm [A.U.]

A. Szelc (Yale)
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* something as simple as is not so simple

- nuclear effects can significantly increase the cross section
- idea that could be missing ~40% of O in our simulations is a big deal

* good news: expect larger event yields

* bad news: need to understand the 6 /ﬁ/\\ T ek, |
. . VAN recE, ——--
underlying physics « 5f [/ \\  recE;QE ---- |
o a4l /77~ \\ recEDefta ----- ]
i il \\\‘\_ \ recE,:2p2h ——
‘_3, 3t L ;‘s \
(1) impacts E,, determination g ,|
)
1t
0
0 0.5 1 1.5 2 2.5

(2) effects will be different for v vs. v
(at worse, could produce a spurious @P effect)
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* models give different
predictions for v/v

1.2
resolved

L - independent particle model
16— Martini et al.

: Nieves et al. new model * the situation is unclear
14— —— Amaro et al. calculations .

2 S and will need to get

/
|

* large 0,; means v/v
CP asymmetry we're

o
o

i\)llllllll'lll]lll

new calc independent particle model
(0v/ o) /(0" /o)

trying to detect is small

1 1 1 | 1 1 | | | 1 | 1 | 1 1 1 | 1 | 1 | | 1 | | 1 1 1 1 1
04 06 08 : : : so will need a detailed

of

understanding of these
Vv,V differences!
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Very Low Energy Proton Threshold W
=N

* example of a data event in ArgoNeuT with a 22 MeV KE proton
overlaid on top of a muon track

S. Zeller, PAC, 06/05/13



