picosecond timing at the LHC
-a silicon based solution

Sebastian White, Center for Studies in Physics and
Biology, Rockefeller University
Saclay seminar, April 27,2012

this work began within the context of FP420 R&D collaboration. Charged by Brian Cox
with exploring new technologies appropriate for rate/lifetime/segmentation challenges of
L=103%.

from FP420 R&D summary:

“At maximum luminosity the proposed detectors will have rates in the 10 MHz range and see an integrated charge of a few to tens
of coulombs per year depending on the exact details of the detectors and the gain at which the phototubes are operated. The
current commercially available MCP-PMT’s will not sustain such high rates and will not have an adequate lifetime.*
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2012
€In 2012 the LHC is trading cms. energy for Intensity

¢ Although many initial goals have been realized (in HI

program,LHCb, TOTEM Oy, LHCf..)the mainstream objectives of

ATLAS and CMS are now entering a difficult phase- beyond
“rediscovering the standard model”

#The Push for intensity highlights issues of radiation
damage(extensively studied-ie in Si devices) and pileup(where
issues are less well understood)

#Heuer’s presentation of 3 possible 2012 running scenarios(25
ns, 50 ns and mixed) highlights the uncertainties in detector
performance, which are not well modeled
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“Data Driven”

many aspects of the 2012 run depart from the past
20 years, where analysis tools developed in a virtual
world of detector and physics modeling. One
example is the effort to reduce CMS ECAL
constant term-crucial for low mass Higgs.

Signal timing is starting to be seen as a useful tool
for dealing with pileup. Initially little interest
because <100 picosec needed(everything happens

in O~170 picosec)

Clear opportunities for new, high rate
detectors(this work) and parallel developments in
electronics and more rigorous analysis of limits to
performance
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Up to now rate/lifetime has been a limitation

C.Williams, ALICE TOF. Rates limited by glass resistivity. <20
picosec achieved in testbeam.

€

€

Chicago/Saclay/Orsay “Picosecond timing club”:Electronics
for timing, reduce cost of large area MCP-PMT, incremental
lifetime improvement.

TOFPET
Super-B R&D at SLAC and Nagoya

PHENIX (15.5k channel hybrid/Shashlik EMCAL/charged
particle TOF) ~90 psec@Ey=1GeV

€ €

€

€

measuring faster-than-light neutrinos from CERN
but signs of progress-ie:

¢ ATLAS LAr timing ~100 picosec and timing in upgraded CMS
HCAL
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FP420 R&D Project

$work completed ~2 years ago
P 4 g

#negative response to proposed changes in LHC@420m.
Many Issues-including cryogenic collimators

$retreated to 220-240m stations only. This limits coverage to
larger diffractive mass

¢ Today the flagship measurement-"Central Exclusive Higgs
Production” -is no longer relevant
#Higgs mass too low to be accessed at ~240m
¢Larger production cross sections (possible in certain
MSSM scenarios) excluded.
#difficult topic of absorptive corrections (a la Khoze-
Martin-Rhyskin) reaching consensus of larger suppression
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nevertheless a strong case for instrumenting
forward protons at full luminosity

¢ generally useful to add this important aspect of
full coverage to CMS

¢ other physics topics mentioned by FP420 in
CEP and 2 gamma physics(anomalous
couplings, exclusive dijets, etc)

¢ and some overlooked (ie “Large t Diffractive
processes in QCD” Frankfurt/Strikman, PRL
1989)




also renewed interest by the collaborations
in instrumenting 240m

¢ ATLAS upgrade LOI submitted to LHCC
¢ CMS High Performance Spectrometer(HPS)
my opinion:

¢ since almost all expertise in forward proton
measurement at ~240m is concentrated in

TOTEM, a TOTEM/CMS collaboration has the
highest chance of success

-significant experience studying actual rates
in the bend plane (not measured in ALFA)




Qutline

® topics with leading baryons/protons

® Development of an alternative (to MCP)
photosensor suitable for high rates.

® A silicon sensor for direct charged particle
detection with few picosecond timing.

® Beam tests and possible implementation

® experience with a fast forward detector suitable
for L<1033 in PHENIX and ATLAS.
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CDS at CERN
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1. Diffraction at the LHC: a non-technical Introduction / White, Sebastian
In diffractive interactions of protons or nuclei a violent collision can occur that leaves the forward going
particle completely intact -with probability determined by the structure of the proton or nucleus. [..]
arxXiv:1003.4252. - 2010.
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2. On the Correlation of Subevents in the ATLAS and CMS/Totem Experiments /
White,_Sebastian N
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arXiv:0707.1500. - 2007. - 19 p.
Full text
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3. Design of a 10 picosecond Time of Flight Detector using Avalanche

Photodiodes / White, Sebastian ; Chiy, Mickev ; Diwan, Milind ; Atoian, Grigor ; lssakov, Viadimir
We describe a detector for measuring the time of flight of forward protons at the Large Hadron Collider
(LHC) up to and beyond the full instantaneous design luminosity of 1034 cm-2 s-1.[..]

arXiv:0901.2530. - 2009.
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4. ATLAS Results from the first Pb-Pb Collisions / Wwhite, Sebastian IN (Rockefeller U.)

The ATLAS detector is capable of resolving the highest energy pp colligions at luminosities sufficient to
yield 10's of simuitaneous interactions within a bunch collision lasting <0.5 nsec. [...]

arXiv:1111.2789.- 2011.- 9 p.
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Access article : PDF; External link: Fulitext
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Inelastic Diffraction at Heavy lon Colliders / White, Sebastian N (Brookhaven Nat.

Lab.

'Iheh)eavyion physics approach to global event characterization has led us to instrument the forward
region in the PHENIX experiment at RHIC. In heavy ion collisions this coverage yields a measurement
of the "spectator” energy and its distribution about the beam direction. [...]

nucl-ex/0501004.- 2005 - Published in : Nugi Phvs, B, Proc Suppl 146 (2005) 48-52 puck
£x0201004 PDE

Presented at : Infernational Workshop on Diffraction in High-Energv Physics, Cala Gonone,
Italy, 18 - 23 Sep 2004, pp.48-52
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. Energy Calibration of Underground Neutrino Detectors using a 100 MeV

electron accelerator / White. Sebastian ; Yakimenko, \/italy

An electron accelerator in the 100 MeV range, similar to the one used at BNL's Accelerator test Facility,
for example, would have some advantages as a calibration tool for water cerenkov or Liguid Argon
neutrino detectors. [..]

arXiv:1004.3068. - 2010.
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Very Forward Calorimetry at the LHC - Recent results from ATLAS / white,

Sebastian N (Brookhaven)
We present first results from the ATLAS Zero Degree Calorimeters (ZDC) based on 7~TeV pp collision
data recorded in 2010. [...]

arXiv:1101.2889. - 2011.- 8 p.
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The role of Spectator Fragments at an electron lon collider / White, Sebastian ;
Strikman, Mark

Efficient detection of spectator fragments is key to the main topics at an electron-ion collider (elC). [...]
arXiv:1003.2196. - 2010.

Preprint
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Beam Fragmentation in Heavy lon Collisions and its implication for RHIC

triggers at low s / White_Sebastian ; Strikman, Mark

We show that with a realistic treatment of spectator momentum digfributions the RHIC detector trigger
sengitivity s high even when RHIC is run below injection energies. [...]

arXiv:0910.3205. - 2009.
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indirectly relevant.......

11. Mathematica with ROOT / Hsieh, Ken ; Throwe, Thomas G ; White, Sebastian
We present an open-source Mathematica importer for CERN ROOT files [...]

arXiv:1102.5068. - 2011.

Preprnt
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12. s N Tesla Sparked the Era of Particle Accelerators

(presented at Tesla Conference 2011) / White, Sebastian
(speaker) (Rockefeller/Pisa)
2011 - Streaming video. Commemorations External link: Eyent
details In - Tesla Sparked the Era of Particle Accelerators
(presented at Tesla Conference 2011)
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13.

D

"Do you think Evolution should be taught in
schools?" Interview with Sebastian White

Produced by: CERN video productions
Director: CERN video productions
04:47 min. 125August2011 /© 2011 CERN

intenview,
Reference: CERN-VIDEORUSH-2011-090
Language: English
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leading Baryons

® |eading Baryon in pp breaks universality in
charged multiplicity distributions.
Alternatively can be used to measure
centrality of pp collisions(Bjorken).

® a |eading baryon(or intact nucleus) tags
coherent exchange- as in hard
photoproduction or CEP (latter via 2 gluon
exchange). This is a broad topic of general

Interest. see eg:
M. Strikman, R. Vogt and S. White, Phys. Rev. Lett. 96 (2006) 082001

and, of course, FP420 R&D report
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Energy dependence of multiplicity
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Bj slides from a workshop | organized with Marciano and Strikman
-usefulness of thinking of proton as an extended object
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An example: charged particle multiplicity vs.
ATLAS Zero Degree Calorimeter(ZDC)
energy data in 7 TeV pp collision

W
7

many aspects of this
measurement interesting:ie
dependence of multiplicity
fluctuations on ZDC energy

MBTS Energy Sum
N
o

| +_l; | | | |

currently analyzing charged
multiplicity in inner tracker vs.
calibrated neutron energy

10—

| | | | | | | | I
0 5000 10000

ZDC Energy Sum (GeV’)
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Issues at full Luminosity

® at Design luminosity the rate in the forward proton
tracking is several 10’s of MHz/cm?. Integrated over a
year of running, displacement damage in silicon
devices is a significant issue. In an MCP-PMT, normal
operation (a la Super-B) leads to severe
photocathode damage in much less than a year. see:

Design of a 10 picosecond Time of Flight Detector using Avalanche Photodiodes / White, Sebastian ; Chiu
Mickey ; Diwan, Milind ; Atoian, Grigor ; Issakov, Vladimir VWe describe a detector for measuring the time of flight of forward protons

at the Large Hadron Collider (LHC) up to and beyond the full instantaneous design luminosity of 1034 cm-2 s-1.[...] arXiv:0901.2530. -
2009.

® depending on the choice of event generator the
mean # of protons in the tracker/timing detector is
~| due to physics at mu=25. Indications from
TOTEM that non-physics contribution also
significant.-> important to have a technology with
completely scalable segmentation in timing detector.
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resolving association with leading protons:
SNWYV, http://adsabs.harvard.edu/abs/2007arXiv070/7.1500W

One Crossing with 20 Interactions

01

00

event imel(nanoseconds)

1 1 1 1 | 1 1 1 1 |
0 5 10

Z—-vertex in cms.

assume a true 2 p coincidence, match to vertex. Similar
analysis for accidental SD (dominant physics bkg)
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Dismbution of Distances between nearest Neighbors crossing

B T T T T T T T T T T T T T T T T T T T T T T T T
8000 | &)
6000 | [ i
3

i 4000 |- _
2000 |- al

ol —H_I—H—F—I_I—H—. ............ ]
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 1 2 3 2 5

Centimeters

Exponential due to Poisson distributed population

see eg. p 362 Papoulis: Probability. random variables and stochastic processes (1991 ed)
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Synchronization of detectors | km apart to
<5 psec is not expensive.

z ‘ ; protons l M | orotons
T.Tsang and SNWV: UART 20 e |
deSign for FP420 10 075879 MHz reference souare pulss
(cost ~$60k) - T

State of the art is
~|0 femtoseconds
using interferometrically
stabilized optical fiber
-see |LC design or
National Ignition Facility
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an alternative photosensor
for high rates (HAPD)

® we found one (see below) but my personal
opinion is that this is a non-starter because
hard to deal with pileup in a Cerenkov
based timing detector. Also, design of
isochronous photon collection with high
photostatistics difficult.

® achieved || psec single photon response
with 300 psec risetime




\ .
‘/ o
| —

Cerenkov Radiation cone

M Principle
g Photocathode
Photon /
Cerenkov .
Photo- = -8 KV Electron
or electron Bombardment
Gain
APD 1500 e
b AD :: "'l
O ptl on (S\.’:éaef)whe s A o .‘\' N Avalanche
[ I Gain
1 00 times
SMA IJ
Connector

Pre-production Hybrid photodetector

“A 10 picosecond time of flight detector using APD’s”, SNW et al.

Photon Passivation

Majority carrier
transport

Tek  Stopped Single ‘S.gq - lhegs 13 Jan 0911:17:43
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650 picosecond risetime (B’s)
Deep diffused avalanche photodiode
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Applications in eg fluorescence
spectroscopy

T.Tsang, SWhite
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femtosecond Ti:sapphire] HPD +
20fs, 90 MHz
A |
photodiode
bisetime ~ 190 pS

Tek6%4c| i

10GS/s
3 GHz

scope

risetime=300 psec

R -0.4 -
B

Temporal response

-0.0

& -
v 0.2 = o!
[ w~
I ¢
F L
°

-1 =

L

.

%-0.3 —
D
|
=300 Q o
tipe |oo
-0.0 :
bt
| .052 l ‘I' |‘|
. 5\ﬁ;,
= ’014 -1 || v I
- |
- \
= '016 -1 |
Q | ’
o I|
v -0.8 - ltJ
g -
g 10— T T T
= 9 e 0 e 4
cive |ne)

gaste pulze Dalighic spactrwn of BPD ¥
4-50 MHz count cate
. 15
000 - |
o | | 12.
§ 37300 I| | ‘ l 2
1
E | 1 ‘ | | ’ |
o A
» 25000 ﬂ 1 ’ | ‘| I -
| ||\' | | !
q \ | - 5.0
‘ J. I | \
2500 ) L ¥ l.‘. |I I 1
1| l’ \J ]\Q -
o T r - 1 1 1
-1.0 0.4 0.6 -0.4 -0.2 -0.0

22

Friday, April 27, 12



11 psec single photon response is not common!
Below studies comparing LE, CFT) PicoHarp

B 100 MHz discriminatot Ortec436, S5ops
O 4100 MHz CFD Ortec33d, S54ps
—G—Picoﬁm:p resultc

le+10 —
similar exercises in literature comparing methods _ |
ul
(see eg. Breton, Delanges,Va'vra, et al.) £ 18701
now developing formalism for calculating expected resolution . _ |
-potentially useful for electronics development
1e-03 —
le-04
altenuators PlcoHarpsw zl’?‘ég o r:rm IRF=26P$
o Tﬁ?m el M B Bl i el
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Clearly a great substitute
for MCP-PMT
with 102-10° times
the lifetime!
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Testbeams used to characterize APD based timing detector
| .Single electron project at ATF
2.PSI (~200 MeV muons and electrons)
3.Frascati BTF <500 MeV electrons, tertiary beam from DAFNE Linac

5. Energy Calibration of Underground Neutrino Detectors using a 100 MeV electron accelerator / White, Sebastian | Yakimenke, Vitaly
An electron accelerator in the 100 MeV range, similar to the one used at BNL's Accelarator test Facility, for example, would have some acvantages as 2 calibration tool for |
Argon neutnno detectors. [...]

EOMGNGE A, 2 0, rates calculated based on Hofstadter’s data
250;@
Be foil 10° (~nC) €
80 MeV o : :
S/ ¢ aunique feature of ATF beam is
et 3 picosec bunch length(streak
TOF camera)
detector
SRR ¢ could this be exploited to evaluate

: fast timing detectors?
e ¢ common technique for secondary

_ LW;D“ beam design is successive dispersion
. and collimation

€

this requires real estate
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Kirk, Thomas, Misha
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Initial study of “start time” resolution from ATF stripline

""" Spline INTERPOLATION or sfrlph"e WaVQfOYWIS W.

2

Amplitude( mV)

~100!

-150-

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

| on-chip Sinlx1/x interpolation+spline

rms on time diff
between detectors <2.9 psec

zero—cross time distributions

|||||||||||||||||||

difference

T T T

rrrrrrrrrrrrrrrrrrrrrr

Zero Cross Time Difference(nsec)
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April 25, 2010,
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Gain Curve for APDs used in Frascati/PSI

DC Mecasurement, 480nm, T=24 deg. C
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q=6000%200%1.6%1017;
ampgain = 8;

t=5%10"7;

i=2egf ty

mV = 1000;

e =1%50%mV*ampgain

30.72
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In Nov/Dec.’| | at CERN focused on getting fastest

possible signal from apd. Low noise, fast amplifiers, LRS
6 GHz, 40 GSa/s scope, etc.

help from Crispin Williams, Fritz Caspers,Christian Joram, louri Musienko, Philippe Farthouat, Xavier Boissier...

Partly assembled APD telescope( the kluge board 1s suited for
high frequency work since it has a ground plane on the
underside).
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0.002

first demonstrate need
for doing it carefully!

sy ' : | V ><1o-7

slice = ConstantArray[0, npts - 2]; tfit = ConstantArray[0, npts - 2];
{tfit, slice} = Transpose[gain];
dt = tfit[[2]] - tfit[[1]]

O |

Interpolation. Takes Days.

shannon[t_] := -Sum[slice[[;]]*Smnc[P1*(t - tfat[[]1])/dt]. {;. L. npts - 2}]:
FourierTransform[shannon[t]. t. w]

= Discrete Fourier Transform. Quicker.

Timing[ fftslice = Fourier[slice]; ]
{0.012667, Null}
Dimensions[fftslice]

{10002}

This has zero frequency in element 1. The 5002-th element corresponds to 1/2 the sampling frequency. After that
aliassing takes over and the frequency heads back to zero.
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ListLogPlot[Abs[fftslice], AspectRatio - 0.3, PlotRange -» All]

>
001

Separate Real and Imaginary components.

ListPlot[{Re[fftslice], Im[fftslice]}, AspectRatio - 0.4, PlotRange -» {{0, 4000}, Al1l1l},
Plotstyle -» {Blue, Red}, Joined » {False, True}]

002

001

-0.01

-002
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Telescope for PSI test (only the components on the aluminium
bracket will be placed in the beam).
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r’ S

' %, DAOscilloscopes\LeCroy\2011-11-29.txt | |E|J

16:06:45
30/11/2011

0.002-
0 =
-0.002-
-0.004 -
-0.006-
-0.008 -
-0.01-
-0.012-
-0.014 -
-0.016-
-0.018-
-0.02-
-0.022-
-0.024 -
-0.026 -
-0.028- [
-0.03-
-0.032-
-0.034 - V

-0.036 - 1 1 1 [ I [ 1 1
0 5:z-9 1E-8 1.52-8 2E-8 2.5E-8 3E-8 3.5E-83 4E-8 4 5E-8 5E-3 5.5E-8
Time

Amplitude

Trace

”

:?1J .STOPJ

\
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% DAOscilloscopes\LeCroy\2011-11-29 .t

16:07:42
30/11/2011
0.0025
OLWMWWWWW&M (\/MWWWW

-0.0025-
-0.005 -
-0.0075-
001
-0.0125-
0.015-
o -0.0175-
B e
g-o.ozzs-
-0.025-
-0.0275-
-0.03-
-0.0325-
-0.035-
-0.0375-
004 »
-0.0425-
: 1E8 1568 268  25(-8  3E-8  35E8  4E8  4SE-8  SE-3  S5.5E-8
Time
B sor

-0.045-)
0 5E-9

Eimem) [
More Amplifiers with higher bandwidth just arrived from
Princeton=>this will improve both risetime and SNR.
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VVhat is optimal signal
processing!?

In a related project (ATLAS ZDC) achieved ~100psec
time resolution with 40 MSa/s sampling of a PMT signal:

Very Forward Calorimetry at the LHC - Recent results from ATLAS / White, Sebastian N (Brookhaven)
We present first results from the ATLAS Zero Degree Calorimeters (ZDC) based on 7~TeV pp collision data recorded in 2010. [...]
arXiv:1101.2889. - 2011. - 8 p.
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https://cdsweb.cern.ch/search?f=author&p=White%2C%20Sebastian%20N&ln=en
https://cdsweb.cern.ch/search?f=author&p=White%2C%20Sebastian%20N&ln=en

i ilig  ATLAS ZDC had severe constraints
310 compared to PHENIX
. -7 0iga Rad/yr rad dose @ design lum
ik =200 Watt continvous beawm deposition

LHC politics vis. LHCE, LUMI...

despite constraints
-> ATLAS is the only imaging
ZVC (xy,z)
on the planet
‘shashlik”layer
sampling hybrid

Zoom

Fotz Foty e~ ruil

Figure 4: ZDC Drawn with VP1. Plot shows the grid of Strips and Pixels within the EMXY Module




Optimal reconstruction of sparsely
sampled ZDC waveforms

* resulted in Shannon's 1940 PhD thesis at MIT, An Algebra for Theoretical Geneticsie)

* Victor Shestakov, at Moscow State University, had proposed a theory of electric switches based on Boolean logic a little bit earlier than Shannon, in 1935, but the first publication
of Shestakov's result took place in 1941, after the publication of Shannon's thesis.

* The theorem is commonly called the Nyquist sampling theorem, and is also known as Nyquist—-Shannon-Kotelnikov, Whittaker-Shannon-Kotelnikov, Whittaker—
Nyquist—Kotelnikov—Shannon, WKS, etc., sampling theorem, as well as the Cardinal Theorem of Interpolation Theory. It is often referred to as simply the sampling
theorem.

* The theoretical rigor of Shannon's work completely replaced the ad hoc methods that had previously prevailed.

* Shannon and Turing met every day at teatime in the cafeteria.[s] Turing showed Shannon his seminal 1936 paper that defined what is now known as the "Universal Turing

machine"[9][10] which impressed him, as many of its ideas were complementary to his own.

* He is also considered the co-inventor of the first wearable computer along with Edward O. Thorp.[16] The device was used to improve the odds when playing roulette.
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http://en.wikipedia.org/wiki/PhD
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books about Shannon:

34 The Mathematical Theory of Communication

INFORMATION
SOURCE TRANSMITTER RECEIVER DESTINATION

Zv SIGNA?_‘ RECEIVEDM = YOU

SIGNAL
MESSAGE MESSAGE

NOISE
SOURCE

Fig. 1. — Schematic diagram of a general communication system.

Cybernetics: | Fortune's
- Formnula

THE UNTOLD STORY

G THE SCHXTING NOUYTING AYOTEM THAT pEAY
THE CASINOS snu WALL STREET

William Poundstone
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In 1956 two Bell Labs scientists discovered the

scientific formula for getting rich. One was the "0 _l.iwle 1.0 discuss Shan"o"ls

mathematician Claude Shannon, neurotic father

of our digital age, whose genius is ranked with methd for ge‘rﬂ"g rich

Einstein's. The other was John L. Kelly, Jr., a

gun-toting Texas-born physicist. Together they Wi" discus ( Sha""O“’s methd

applied the science of information theory—

the basis of computers and the Internet—to for reco“Sfrucﬁ“g diqiﬂzed
the problem of making as much money as Waveforms

possible, as fast as possible. Shannon and MIT
mathematician Edward O. Thorp took the
“Kelly formula” to the roulette and blackjack
tables of Las Vegas. It worked. They realized
that there was even more money to be made
in the stock market, specifically in the risky
trading known as arbitrage. Thorp used the
Kelly system with his phenomenally success-
ful hedge fund Princeton-Newport Partners.
Shannon became a successful investor, too, top-

ping even Warren Buffett's rate of return and
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/DC waveform: bandwidth limited
by low quality cable

PPM Signal Model

1.0¢ ‘ | '

Amplitude

0 20 40 60 80 100 120 140

t(nanoseconds)

FourierTransform|[(((t - toff) / tdecay) "trise) « .47 «+ Exp[- (t - toff) / tdecay]., t., w]

Fourier Transform of PPM Signal Model

1y ;
0.01} ;
1074 1
107°
10—8 A 4 1 1 1
10~ 0.001 0.01 0.1 1 10
Frequency(GHz)

=>a sampling frequency of 40 or 80 Mz is
below Shannon-Nyquist frequency (=2*B)
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nslice

shannon(t] = E sliceli] x Sinc[m x (t — time(1))/25)] (6)

i=1 .
An animated gif can be found at: ATLAS data set used fo qevel.op Z00 reconstruction
http: //www.phenix.bnl.gov/phenix/WWW /publish /swhite /ShannonFilm.gif and do Llealo calibration (in Mathematica 70)

Reconstruction of ZDC Pre-Processor Data and its
timing Calibration

Soumya Mohapatra, Andrei Poblaguev and Sebastian White
Aug.8,2010

Sinc Expansion for 2 Slices

Amplitude
=
=

40 -20 0 20 40
time(nanoseconds)

Friday, April 27, 12



Signal Reconstruction

The document ATL-COM-LUM-2010-027
Title: Reconstruction of ZDC Pre-Processor Data and its timing Calibration
Author(s): Mohapatra, S :SUNYSB

Poblaguev, A “Yale:BNL

White, S :-BNL
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Reconstructed Signal

w
€ = ——— Reconstructed Signal
3600— ——— PPM Counts
o L ——— Maximum Signal
: —a— 0.50 of Maximum Signal
500 — —=— 0.75 of Maximum Signal
~ ——— 0.20 of Maximum Signal
400—
300
200— \
100/ @i
( ]
o I L l L1 1 l | l Ll ) l I l Ll 1 l Ll 1 [ L1 1 l L1
0 20 40 60 80 100 120 140 160

Time(ns)

Energy Reconstruction, Shannon method vs. A2

~ 600F
= :
< .
E}) 500; Energy Method
S 400 |—=
= :
'8 300; e TECONStIUCted peak
g | .
g 200¢ -
£ 100f :
£ |
0- 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1
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PHOS4 delay
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S
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-
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o

Derivation of Calibration Function

n

10 15 20 25
PPM Reconstructed time

hi

(d) Piecewise fit to the full range.
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2- photon reconstruction

i L B | 1 I ] L L] I LI 1] 1 I | 2 B § I T ¥ 1 4 | SEE B 1 ]
- ATLAS Preliminary -
— I I ZDC pixel readout l
E.' A AR SALSS BARAIRALAI REARI RARAN AARERRAREN RARLSE 100 ) |
50¢ ATLAS Preliminary - Vs =7 TeV data .
i ] - Mgeax = 130 MeV 1
40l Vs =7 TeV data 80 G = 30% ]
: 5 60 ]
30 . 4 X
: ] 20
10 .
: M| "4 FETEY FETES BEYTY FETRY PR PTETIL -i-.i—l-l-Ll-i—h: % 01 02 03 0-4 05 06
% 05115225335 4 45 5

Two photon effective mass [GeV/c?)

E,+E , [TeV]

Energy distribution of 2 photon candidates in the ZDC, selected using the longitudin For 7 TeV collision data taken prior to LHCf removal the first ZDC module is the so-called

shower profile. The ZDC energy scale was established using the endpoint “Hadronic x,y” which has identical energy resolution to all of the other ZDC modules. The

measured in 7 TeV collision data. Since the shower energy is concurrently measured coordinate resolution, however, is inferior to that of the high resolution EM, installed 7/20/10.
in the “pixel” coordinate readout channels this allows energy calibration to be Nevertheless, the reconstructed mass resolution is found to be 30% at m=130 MeV. As is fount
established for these channels also. in ongoing simulation of pi0 reconstruction within the full ATLAS framework (see ZDC simulatic

TWIKI), the pi0 width is completely dominated by the energy resolution. Therefore, the
current state of ATLAS ZDC photon energy resolution can be inferred from this plot.

. 100% =
00K M———
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N 1000 )
. -
.(-% i —_
O B s
L 500 _ 3
£ i 1 =10
[0) B 1
> i 1z
O —
i 107§ 10°
k ATLAS 1 -
-500 Preliminary B8 _ 0
i s=7 TeV data’]
-10000 |, T 1

12 14 16 18 20 22 24
HDOC_Time

The Z vertex distribution from inner tracker vs. the time of arrival of showers in ZDC-C relative to the ATLAS
clock calculated from waveform reconstruction using Shannon interpolation of 40 MegaSample/sec ATLAS data
(readout via the ATLAS Llcalo Pre-processor modules). Typical time resolution is ~200 psec per photomultiplier
(see ATL-COM-LUM-2010-022). The two areas outside the main high intensity area are due to satellite bunches.
Note that this plot also provides a more precise calibration of the ZDC timing (here shown using the ZDC timing
algorithm not corrected for the digitizer non-linearity discussed in ATL-COM-LUM-2010-027). With the non-
linearity correction the upper and lower satellite separations are equalized.
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Support material for blessing:

"anyone who abandons what is for what should be pursues his downfall rather than his preservation"
Niccolo Machiavelli

HDOC timing for events outside central vertex

5 0 T T T T T T T T T T T T T T T T T T T T

_ | mean (nsec) s.d. (nsec) ]
40 peak 1 14.2341 0.283359 -

: peak 2 21.7717 0.184328 |
30; _
20; + il
10| . + ]
0 . 1 . \ X ...ooA _I......'..-..“ " ¢ .1. ) ¢ ° o . o IR )

12 14 16 18 20 22 24

HDOC time(nsec) relative to clock
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Picture show
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PSI beam test

10 PM, Dec. 1->7 AM, Dec. 2

170 MeV negative beam

hadrons suppressed with absorber

pimd

e

U2
==

me, Konrad and Michele setup in the beam
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Source test
(Ru,Sr?9)




logistics
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Frascati

F
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Frascati beam

< -
—
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2 detector coincidence from Frascati 500 MeV e

wi477. timel = 10° x Table[dt (n-4), {n, 404, 805}];
Manipulate[ListPlot[{Transpose[{timel, Table[data[[m, n]], {n, 404, 805}] + .02}].,
Transpose[{timel, - Table[data[[m+ 1, n]], {n, 404, 805}] + .02}]}.
PlotRange - {{20, 40}, {0, .04}}, Joined - True, ImageSize - Large], {m, 1, 2592, 2}]
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First Look at Charged Particle TOF resolution from S-source
tests at Princeton

Changguo Lu, Kirk McDonald and
Sebastian White 4/18/2012

Plotted Quantity=Iapp1-fapp2(raw distribution)
tAPDi=tZeroCross(ff0m APD->Amplifier->Scope inpuf)

n744)- Show[slshn, Graphics[Inset[photo, {0.7, -.15}]].,
Graphics[Inset|[ tgff , {-.5, 0.2}]]]

Counts
150 e O events/10 picosec.
L )\
amp  6024.7 O ———  Gaussian fit
mean 361.226 i
DO
sd 16.0213
100 —
QO
S
_ ()
Out[744}= ’ .
C
S0
QOO
/ O
O O\
UUQUUU\JOOG 4 O , e e e 8D Picoseconds
250 300 350 400 450 500 ' ’
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return of WavePro to Boissier after a fruitful 2 months

PR ki
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Key Aspects of Work Plan

within context of DOE Advanced Detector R&D
grant (SNW and Kirk McDonald, co-Pl’s)

* basic measurements on timing performance at
testbeams (ATF, LNF, possibly also CERN and PSI)

* radiation damage tests of devices to verify
extrapolations using CMS APD scaling laws(at
Mass General or CERN)

* Extend calculations of neutron equivalent dose
for 7 TeV protons (with N. Mokhov)




* device characterization measurements at Princeton-ie
development with beta sources prior to beam testing

» telescopes for measurements w. various pixel arrays recently
purchased from RMD

targeted R&D to address application specific issues

design with sensors integrated with new rad hard Si trackers

* parallel development of high rate readout electronics and tools
for analyzing ultimate performance with different algorithms

e secondary issues-like cooling

* some of our APDs have 4 terminal readout and good spatial
resolution-interesting to develop both capabilities (ie
simultaneous tracking/timing in same device)

* given opportunities for in situ testing at LHC the electronics

issues becoming urgent. Input from Saclay/Orsay could be very
helpful.
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