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Motivation: next generation long-baseline search for CP

\,
violation in neutrinos will be systematics limited EMPHAT:C

L
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| o EMPHATVC
Systematic Uncertainties in HK Era

Reaching 50 C.L. for maximal
CP will require improved
systematic uncertainty
estimates

HK Sensitivity for dcp=-m/2 (maximal CP viol.) ’
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56 C.L. if 5cp=-11/4 / *  Will require improved
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Fractional Error

Neutrino beam flux uncertainties EMPHATYC

ND280: Neutrino Mode, Vu

ND280: Antineutrino Mode, v,
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 Large contribution from hadron production uncertainty

* Also from pion and kaon re-scattering in target and in magnetic

focusing horns
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EMPHATIC experiment

* Reduce neutrino flux prediction
uncertainties in long-baseline
neutrino oscillation

* Compact spectrometer to
measure hadron production
uncertainties

e Reduce flux uncertainties by
factor of two

* Detector development : this
poster!
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do/dt [mb-(GeV/c)?]

EMPHATVC

* Fall 2018 results coming soon:

e Session R2-10 Thu 13:40 Matej
Pavin “Measurements of proton-
cabon differential cross-sections at
20, 30 and 120 GeV/v in
EMPHATIC experiment”

Preliminary results
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EMPHATVC

EMPHATIC Spectrometer

e Poster will discuss
* design of permanent magnet
* Design of aerogel RICH

Aerogel RICH

Permanent
magnet
(aperture) ]

Target | T
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SSD Y.

VIATTTTT T TR

100cm

6/4/19 7



Thanks for your attention!

* Questions? Come see poster number 62 this evening.

@  RTRIUMF
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The goal of the EMPHATIC cxperiment isto rodoce sysematic

on acutmo e o ncutrang
ascillation ¢xperiments, aad i estimats of umospheric neutring ot
EMPHATIC will be a compact spectrometer % measure hadron prodection
cross sections at caergics that arc currently mot available 10 operating
expenments. These meassrements will reduce the curent - 107 nestiss
Mux uncerainties by a factor of two.

Fig. | Cumest T2K wrong sign neutrino and asti-neutrino fhax
uncertaitics. Figure counesy of T2K collaboratson

2018 Test Run at Fermilab

Initsal test run @ Fermilab in Jan 2018 with sbicon strap detectors, beam
acnogel counters for various momenta. The sctup is shown in Fig. 2

Figure 2. Dietector setup for initial EMPHATIC run at Fermilab im 2018,

Data were taken % momsenta of 20 GeVic, 30 GV, and 120 GeVic
protons, as well as for kaas. Prelsminary results of the proton-carbon
cross section is shown in Fig. 3. Duta are fairly consistent with the
simulations, with s deviations at low and high vabus of ¢

G0 s 0V |

Ol o o oW 8w G
o e

Figure 3. Prelimimary results for protos-<arbon cross section at 30 GeV/c
comparcd to different GEANTS physacs hists, and 1o FLUKA.
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EMPHATIC Detector Development

for the EMPHATIC Collaboration

Spectrometer Design

The EMPHATIC collaboration is planning two phascs of measurcencnts
* Phase | (late FY2019). Detector will have beam acrogel Chemnkov,
magnet. SSD, TOF, acrogel RICH with pi’K separation so 7 Ge Vi, and
calonmeter
+ pom K+ CALFea 4,8, 12,20, 31 GeVie
10 and 20% imteraction length C targets
* Phase 2(2020°2021). DAQ spgrades. lasger acceptance magnet, and
improved RICH with pi/K scparation up to 15 Ge Vi
« por K+ CALFeat 4.8, 12,20, 31, 60, 120 GeVic
ual tasgens B, BN, 13,0, fow stimosphoctic v
The specrometer nk\lrn features a compact size with u-clmamrmgnﬂ
dipole for momestus is shown in Figd, A
acrape] RICH, time of Sight and kead glass calormetcr provides curﬂm
partacle 1D capabelitscs
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Figure 4, Compact spectroencter design for neut phases of EMPHATIC

cxpenment
Permanent Magnet Design

The magnet design requires an megrated fickd > 0.2 T m, which is driven
by the = t of having a Betier than 10% at
10 GeVe. Two magnets will be built

1 Less expensive. quicker to buidd magnet — smaller spesture acccpting
tracks 1o 200 mrad

2. More expensive, magnet with larger aperure accepting tracks to 400
enrad

The geometry of the snsaller magnet is shown in the lef panel of Fig. §,
s the magnetic ficld smulated with COMSOL is shows i the right
pamel of Fig. §

Figure 5. The geometry of the smaller aperture magnet is shown om the
lefi, where the diameter of the magnet bore goes from 40 mm 10 112 mm
over a 210 mm bength. The right figure shows the magnetic ficld i a slice
along the bore of the magnet, where the scale gocs from +1.5 T imred 10 -
1.5 T im blue (inside the magnet)

Aerogel RICH Design

Design of ARICH has dual radia
sensors. The basc design

of acrogel 1o focus hght on ght
shown in Fig. 6.
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Figure 6. Basic design of ARICH for EMPHATIC project. Left panel
gives dimensions, and right panel shows 3D CAD drawing of detector

Electromucs (GSI TRBI) for the Mght-sensor readout, and multi-anode PMT
(H12700) being comsidered for the readout are shown in Fig. 7.

Figure 7. Left photo is of a 64-ch multi-anode PMT (H12700) with four
Paciwa) amplifice discrisninasors. Right photo s he GS1 TRB3 with theee
TDCs and an multi-purpose readout card

Each TRB bolds four 48-ch TDCs with 20-ps timing resobution. The
signals from the bght-sensors are amplified and descriminased wsmg
Paciwad adapter cands. The readout for theee 64-ch light-sensoes is shown
in Fig. &

Readout Diagram E
-

e ot
Figure 8. Detector readout schematic

Initiad simukations of thas design show 2-sigma piK separation below 7
GeVi, and |-sigma pvK separation below 11 GeVie. Example of the
partiche-ID separation varisble at 9 GeVic is shown in Fig. 9

Figure 9, Likelibood anslysis
PUK separation at 9 GeVic r BN

Beam test plan at TRIUMF/M11

A prosotype detecior 10 test will be carried out in Asgest 2019 with
eloctrons in the M 11 beamling & TRIUMF is shown s Fig. 10 An
example of the TOF particie separation in the M1 | besmline is also shows
in Fig. 10.
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Figure 10 Prototype dark bax with acrogel holder and multi-PMT bolder
that will be weed in the M1 beam 1ot is shown on the left. An example of
the TOF particle separation in the TRIUMF M11 beam is on the kit

Qutlook and Conclusions
A very capable compact spectrometer has been dosigned 1o measure
hadre production 1o rode e syslematic uncertantics on nestrino
peedictaons
An initial expersment st Femsilab in 2013 has already produced
imseresting results
Magactic designs of the pemaancnt magnet for the spectrometer have
been completed. and mechancal design has begun
A prototype of the acrogel RICH has been preparcd for beam tests at
TRIUME / M11 for this August 2019,
Upgrades 10 the spectrometer for the second phase will inchude
= Changes 10 the acrogel RICH are being studsod
+ Considering MPPC with Peltier cooling instead of
malti-amode PMT
* Adding gas in box 10 extend range of PID up to 15
GeVie

= Alarger sperture magnes has been desggned. but
mechamical constraints need to be studied
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