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- Beam v physics
- Astrophysics v observatory

Need for :
- Efficient collection of the charge
output of the Photo-multipliers

- Precise timing for signal coincidence

~ 25 000 PMTs
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- Long baseline v [\{VQaE
oscillation experiment
- Water Cerenkov detector N N’

Main interaction : Charged
30th June 2022 IRN Annecy current quasi elastic (CCQE)
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- Gy

Need for :
- Efficient collection of the charge
output of the Photo-multipliers

- Precise timing for signal coincidence
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' Hyper-Kamiokande

Charge and time digitization for HK

- Charge resolution :
- Low energies : Solar v

- High energies : Atmospheric v
= | arge dynamic range

- Time resolution < 300ps when > 1p.e-
- Charge linearity : 1%

- Discriminator threshold : 1/6 p.e.
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""""""" e o Charge and time digitization for HK

_ Trigger happe / Example with N =5
- Based on HKROC chip

- 3 gains per channel (low, medium, high)
- Dynamic range from 0-2500 pC
- 1 readout for 3 PMTs —> 1 trigger = read all 3 °0

- Waveform-like digitizer @40MHz : 1 point/25ns
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x | LVDS .
_ Low S Low noise Low-pass filter
@I /1 Input Circuit ~ Medium > amplifier — Delay signal

Y

Crmmmmm— : Discriminator
| Capacitor
Charge > thres ? — {; | — Charge integration
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Charge and time digitization for HK

Some results

1200

------------------------------------------------------------------------------------------------------------------------------

1000

800

600 150 1

............................................................................................................................

Trigger time (ps)

-----------------------------------------------------------------------------------------------------------------------------

400

ol 1

-

--------------------------------------------------------------------------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

- . .
..........................................................................................

.......................................................................................................................

Deviation from
expected (%)
SO &S ONOCS
A
()
o
|m|m| u|m|||||n||

.................................................................................................. < 300ps

1000 1200 = @ 1p.e-
Expected p.e.

30th June 2022 IRN Annecy Lucile Mellet



......
.....

iy 3 ),

)
L
-
e P,
, et
il N
| § s,
[ S P

............ Hyper-Kamiokande

Charge and time digitization for HK

, : ¢/ ndf 155 / 43
Time resolution of the PMT : ~2.8 ns ; R p0 1496 +8.1
oy 300 i pi 1485 + 0.1
Does the digitizer degrade the PMT performance ? - m, p2 1582 + 0.032
— - FWMH: '\ p3 186.7 + 10.2
e (| - WA pa 1483 + 0.0
| 26ns I 1 p5 0.6711+0.0328
200 |- . ' 54
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Time resolution with PMT Q
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Hyper-Kamiokande

Charge and time digitization for HK

- Reduces dead time (requirement
<1us)

- Allows for separation between
close events in time (pile-up) :
= Software reconstruction

Time after trigger (ns)
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e Hyper-Kamiokande

Precise timing for Hyper-Kamiokande

Universal
(reference)
Time

» Internal sync : ring reconstruction
» Stability of less than 100 ps

» External sync : beam bunches + astrophysical
observatory (SN) + other studies
» At least 100 ns wrt UTC
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Second-stage distributor prototype

| 7
2 SFPs for 1GbE

FPGA Mezzanine TEO808 = '

SFPs for the fist MUX test for redundancy
| distribution link 16 channels to FE (SFP)

/ l \\ R‘ %
. > '
/

- SMA & test points

- 2 stages : Front-en ’  ro nten ds -3} G

- Electronic boards and cards are

being designed and prototype Undergoing tests in collaboration between
French and ltalian groups
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e Detailed scheme of our solution
GNSS System — UTC

WR

q Network
WR switch WR switch
)

10MHz, ARS B Data

Tige data and UTC
(ethernet)

Slow control

Commands and data

|

1st distribution -

stage Clk and data
(redounded link)

PPS/10MHz

Currently in an R&D phase

125MHz & mmmg distribution
data

LS PPRY/125MHz

QOur proposed system :
What ?

Slow
control
125MHz &

Sync commands
data

Calibration

10
=g distribution

- One local time reference point : Distribution of
- distributes a high-frequency Atomic clock signal
clock signal — local stability
- built from an atomic clock

Clk and data
(redounded link)

Distribution to PMTs

- A GNSS antenna + receiver : link to - Two-stages distribution
universal time (UTC)

+ Redundancy
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Characterization of the proposed generation system

0% T
' 5 | Rubidium - UT i
Our proposed SyStem ' « GPSTime - UTFE:”%‘I’:J;’RQ%OE(&Q e
| \ ‘\ GST - UTC(OP) (via PolarX5) —s— -
Atomic clock : the most stable at short term 10t} X SN ;
- Tested a Rubidium clock |
- Will test Passive Hydrogen Maser o2 |
GNSS signal : more stable at short term + link to 5 | \\:
UTC 107 ¢
10—14
2 1 ) .2 Time stamp correction
Uy (T) = 5 < (yn_|_1 — yn) > o 1 ~ evelry 3h |
Variance of At as a function of interval length : 10° 10’ 107 10° 104 10°
allows to separate noise types = visualize stability at t/s
various time scales Purple curve : Rubidium clock stability (OP71 as reference)

Green curve : Received GPS time stability (OP71 as reference)

Blue curve : Received Galileo time stability (OP71 as reference)
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s St for tests @ LPNHE

roof of the lab

to test the stability of a frequency ?

= Against a much more stable reference signal

=Data : A7 between each signal at each pulse

CGGTTS files :
- Infos on satellites
- All info on applied corrections

- Time difference between input and
GPS time in 0.1 ns r ‘

At

-
%
6’o, OP71 calibrated
% .. signal through
% - optical fiber from :

—r I’@vatonre
For other o
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.......... Hyper Kamiokande CharaCterization Of Our SOIUtion

- Cross checks to find same performances as @ SYRTE
- Test of the proposed set-up : Rb clock as an input to the receiver

10-> Time interval between LPNHE receiver and GPS time  {p-8 Time interval between LPNHE receiver and GPS time

Rb clock pps and 10MHz 3‘
—0.21 - -
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) 4

Remove linear drift over time = deterministic noise of the clock
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Characterization of our solution

Nb of sat vs elv._.min at LPNHE,Paris on 6 days

NUITIDETD O 54lClLeS per 1011 €polrl

- — N W N un (&) ~ 0 O
I I | I |

If elevation minis 50 ° :
3 visible satellites In
average

20 30 40

30th June 2022
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- 400

300

200

100

H=1200m

>

a ~ arctan H/D

~ oo - BQ° D = 1000-3000m

The system has to be robust against :

- Power outage — reboot procedure +
calibration

- Limited nb of visible satellites ( mountain
area)
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Hpekimmane - Common view Time transfer technique

_ > GPS time

to obtain UTC time tags / corrections 7

Site A CGGTTS data : GPS Time — SiteA Time = At p¢_4 =74 TSA
Site B CGGTTS data : GPS Time - SiteB Time = At p¢_5=7; lonosphere
Time transfer software computes 7., — 7., /
Troposphere
If site B is the reference time keeper: 2> 7o, — (g = At; ., Wrt UTC 4 ‘
(lOcal) le—-8 Common view time interval between LPNHE and OP71 Site A timéhﬂ‘k A
Last step of the process
B Ne_ed_tests and S|_mulat|on tc_) 1
corrections / 3h optimize the applied correction|

oY e B D e) e QP ) e )
Q- . . 1 1} 1" o" & & 2.
S R Sl U A D S el O

gol- dol' i ol o 5 D T Y P\ SR Y S i o e .
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' Hyper-Kamiokande

Conclusion

* R&D has been happening for 2.5 years, almost final
* Internal HK reviews ongoing, choice this year

» Collaboration between at least 4 different groups
» Great synergy between the 2 items : digitizer and time distribution

» SO far, everything seems to meet and exceed HK's requirements
» Increase physics possibilities
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