RD50
from Experiment perspective

Frank Hartmanm thanks for allowing me to talk here
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What did we

d the experiments

get?

A Forum to discuss alll
A Reasonable and crazy ideas

A Recipes
A What to build
A How to operate

A Tools

Fluorescent
solution




A Forumc
a common goal

A Always difficult to understand which R&D
effort is RD50 and what is experiment

A | consider this perfectlt means we are sharing
information on successes and failures

Al am unable to decide what is most efficient
A The sessions with talks

A The evening getogethers

A The coffee breaks

A Lab visits

We“ Ok) | can:

|!
offee breaks plus the common goa

It's the ¢ k chats

yed the clear and fran

| always enjo



A For LHC
A Oxygen is good Carbon is bad

[ ]
A p-in-n is OK for Tracker e S
A n-in-n is OK for Vertegoxygenated rbulk) Re C\
A For HELHC
A Oxygen is good Carbon is also good at some places
A n-in-p is great

A optimise thickness
A 3D is better
A Precise timing is possible

A A wise man said:
For pin-n sensors, the donor removal component of the Hamburg model
cannot be described by a simple process VA+ Y P only. There is somethir
more behind that and we still do not exactly understand what it is.

A RD50 also clearly told us:
But, while new materials seem to be more radiation tolerant, a complete
evaluation ofeach material must be conducted separately for neutron,
proton and mixed irradiation The correct radiation mixturest different
radii in the experiment should be checked.



RD50 and
Hamburg Model
saldp-in-nis OK
for E14

Seems you are right
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The CMS S
Strips and pixel detectors
Tr a.C ker Operating > 1 decade
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n-in-n plus some n-in-p

Detector has accumulated fluence of
approximately #x 10*4MeV n. /cm?

1" R )



And RD50 followedp if all Is true

19th RD50 workshop, November 2011 at CERN,
especially in the session onradiation damage observed in HEP experiments

A Inter-experiment radiation damage working group
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Radiation Damage and
Annealing
exists

Inter-experiment radiation damage working group
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A The Hamburg Model rocks
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Good recipe when to
increase bias voltages

Parametric description of

operation parameters (signal,
trapping, current) as a function

of fluence and temperature.
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Then we | earned,ewectshon|l deadeubtHd

Pixel sensors
max. cumulatedfluencefor LHC and HL-LHC
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CDS.CERN.CH

A N d ] L H C B = New VEO with n-in-p pixels
|S ah ead = Exchanged in LS2



L1-Trigger

4 https://cds.cern.ch/record/ 2714892
A Tracksin L1-Trigger at 40 MHz

A Partide How selection

A 750 kHz L1 output

A 40 MHz data scouting

DAQ & High-Level Trigger
https://cds.cern.ch/ record/ 2759072
A Full optical readout

A Heterogenous architecture
A 60 TB/sevent network
A 7.5kHz HLT output

Barrel Calorimeters

https://cds.cern.ch/ record/ 2283187
A ECAL crystal granularity readout at 40 MHz

with precise timing for e/* at 30 GeV
A ECAL and HCAL new Back-End boards

HL-LHCC LS3

Ok, now we need
A XE16
A And precisiortiming

————Muon systems

— https://cds.cern.ch/ record/ 2283189
A DT & CCnew FH BEreadout

A RPCback-end electronics

A New GEM/RPC1.6<' <2.4

A Extended coverage to' é 3

. Calorimeter Endcap N4

3 https://cds.cern.ch/ record/ 2293646
' A 3Dshowersand precise timing

A 9, Sint+9PM in Pb/W-SS

-

-

-

Beam Radiation Instr. and Luminosity

; : . .

CMS MIP Timing Detector http:// cds.cern.ch/ record/ 2759074
: A Beam abort & timing
https://cds.cern.ch/record/ 2667167 & geam.induced background
Predsion timing with: A Bunch-by-bunch luminosity:

A Barrel layer: Qystals + SPMs 1%offline, 2%online
A Endcaphlayer: ) A Neutron and mixed-field radiation
Low Gain Avalanche Diodes

Tracker

https://cds.cern.ch/ record/ 2272264

A S-Qrip and Pixelsincreased granularity
A Design for tracking in L1-Trigger

A Extended coverageto' é 3.8

Axial field provided by solenoid
(2 T) in the central region (momentum
measurement)

High-resolution silicon detectors:
- * 100 Mio. channels (50 um x 250 um)

* 6 Mio. channels (80 um x 12 cm)

Spatial resolution ~15 um (in azimuthal
direction)

Precise energy measurement down to 1° to
the beamline with a calorimeter system

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixelicletector Independent muon spectrometer

LAr electromagnetic calorimeters (superconducting toroidal magnet system)
Transition radiation tracker

Toroid magnets

Muon chambers Solenoid magnet
Semiconductor fracker Ultra-fast custom electronics and high-
performance computers filter the collisions:
only 1 out of 30,000 collisions is kept



ATLAS Phase Il

End-cappetal loading with'® modules per

All n-in-p

A\ A\ AN 32 S VS

Barrel stave-loaded -with- 14 modules per side




CMS Phase I

= OQuter Tracker modules in
final configuration
I n-in-p

a Pixel Tracker module
I n-in-p

= High Granularity Calorimeter
I n-in-p (8 in.)
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First RD50 workshop
Silicon 3D radiation sensors: general characteristics; irradiation test results
Sherwood Parkeand Christopher Kenney (LiBérkeley, USA

Photos:
Courtesy of CNM-IMB (CSIC), Barcelona
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b A=0.4 um

z’i?f(-)sphok4 ..:{\;_ Damping=0.8 pm é ATLAS appreciates
: | | - LO as first use
¥ Scalloping=0.2 um .
2um

Double or single type*
Double or single sided
Full 3Bpassthrough?
Thin or thick?




25x100 pm? pixel cell size — n* pillar spacing
Metal routing to a 50x50 pwm? bump bonding (BB) pad grid
passivation on top of routing, only pads open

Shorter n* pilars connected to BB grid then to amplifier

Long p* pilars connected common low resistitive ((2m)substrate on back
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Side view 25 um spacing  Side view 100 pum spacing

Fig. 2.27 The final HL-LHC 3D sensor layout with 25 x 100 pm? pixel cells — 1E-scheme




JoernLange, RD50 2009, EPI

I. Mandic et al., RESMDD 2008

G. CassgeVertex 2009, Rin-p
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Then there was head scratching

|

Then we re-in
and called them LGADs

IEEE TRANSACTIONS ON ELECTRON DEVICES, JUNE 1972

OXIDE

IMPURITY CONCENTRATION

DISTANCE

ELECTRIC FIELD

Fig. 1. Sketeches of reach-through avalanche-diode structure,
impurity-concentration profile, and electric-field distribution.

vented reach-through di

odes — optimised them —

Then we had daring ideas
‘to use’ the amplification




ATLAS and CMS will equip their endcaps with LGADs
to associate a timestamp to their trackglD
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