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What we would like to measure?

« Because there is no specific physics process to be studied,
general purpose detector(s) is a must for an energy frontier
machine

« In order to set benchmarks different process are used: top
studies, Higgs/SUSY discovery, etc. Let’s consider'recent’
top quark discovery

« In order to discover top quark both CDF and DO had to
detect: leptons (e/p), jets, tag b-quarks (leptons or displaced
vertex), and peutrinos (missing E): }},x |

+ V' g{:

) Ra
: e
97 Ey
Figure L: Troclovd Lop quark production by o§ axmibilation fallowed by the Standard
Model top quark decay chain.
Decay mods Brauching ralio
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So, we needed tracker (e/W, vertex), calorimeter (iets,
electrons), and muon system
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Speed -- 3D vs. planar

1. 3D lateral cell size can be smaller than wafer thickness, so:

“shorter collection distances

2. in 3D, field lines end on cylinders rather than on circles, so:
higher average fields for any given max field

(price: larger Cejectrode: W€ now have 0.2 pF / 121 pym long electrode)

3. most of the signal is induced when the charge is close to the
electrode, where the electrode solid angle is large, so:

planar signals are spread out in time as the charge arrives

30 signals are concentrated in time as the track arrives

i T
& -

4. if readout chip has inputs from both n‘ and p* electrbdes,

drift time correction can be made




Keys to the technology:

Can now etch deep, near-vertical holes.

With low pressure and moderate
temperatures, gas molecules used to
form polysilicon such as SiH,,

-SiH,Cl,, SiHCl,, and SiCl, will
bounce off the hole walls thousands -

of times before they stick. Mostly
they enter, bounce a number of
times, and leave. When they stick,

1t can be anywhere, -and- so a

conformal coat of polysilicon is
formed as the H (or Cl) leaves and

the silicon migrates to a lattice site. :

CACMER

--------
pr

o,
~,
.,
.
)
“u,
.,

Gasses such as diborane (B,H) and phosphine’(PHE,)
can be added to the silane. They also come out in a
conformal layer, and make p" and n" doped

polysilicon.

Heating will drive the dopants into the surrounding
single crystal silicon, forming the p - n junctions and

‘ohmic contacts in high-quality silicon, keeping
electric fields away from the short-lifetime poly.
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® Snowmass, July 2001

CONCLUSIONS

. THE FIRST 3D DETECTORS HAVE BEEN SUCCESSFULLY
FABRICATED

-

2. THEY HAVE REASONABLE LEAKAGE CURRENTS: % -1 nA PER
MM® AT ROOM TEMPERATURE

3. THEY DEPLETE AT LOW VOLTAGES AS EXPECTED (TYPICALLY 5
—-10.V) ' '

4. THEY| HAVE WIDE PLATEAUS FOR INFRARED MICROBEAM
SIGNALS

5. BETA, 'X-RA'Y, AND GAMMA SIGNALS HAVE BEEN SEEN

6. THE 14.3 KEV X-RAY LINE (*'Am SOURCE) FITS A SYMMETRIC
GAUSSIAN WITH A SIGMA OF 282 eV |

7. A SENSOR WITH 100-MICRON CELL SIZE HAD ITS DEPLETION
VOLTAGE INCREASE FROM 5 V TO 105V (WITH A 45 V WIDE
PLATEAU) AFTER IRRADIATIION WITH 10'® — 55 MEV PROTONS /
CM? (PRIOR TO BENEFICIAL ANNEALING)

8. ACTIVE EDGE PREVIEW: AN INFRARED MICROBEAM SCAN
SHOWS A SENSOR WITH SETS OF NORMAL 3D CYLINDRICAL
ELECTRODES BETWEEN TWO WALL ELECTRODES IS SENSITIVE
TO WITHIN SEVERAL MICRONS OF THE WALL ELECTRODE.

9. CALCULATIONS INDICATE PULSE DURATIONS OF ABOUT 1 NS

10. THE 2nd FABRICATION RUN HAS STARTED
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What is important for the
- experiment?

e With traditional techniques:

— If it is important to optimize electromagnetic res-
olution, then a large sampling fraction is re-
quired.

— If it is important to optimize hadronic resolution,
then a small sampling fraction is required.

e These two goals exactly conflict with each
other!

e In the past, the electromagnetic energy resolution has
generally been given priority.

o If an electromagnetic calorimeter has a high sampling
fraction, and thus a large e/h value, then it makes
sense to build a hadronic calorimeter with a similarly
large e/h value.
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If hadronic response and resolution
is a priority...

e One should choose a compénsating and longitu-
dinally unsegmented calorimeter.

— It should be co’mpensating in order to eliminate
fAuctuations in the electromagnetic component of
hadron showers (also important for jets)

_ Tt should be unsegmented because calibrating lon-
gitudinal segments 1s a tricky business.
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Have Your Cake and Eat it, Too!!!

With dual readout calorimetry,

e Achieve essential advantages of compensation.

— Eliminate dominating source of fluctuations in non-
compensating calorimeter (fluctuations in fem).

— Eliminate signal nonlinearity.

e With this technique, the sampling fraction could be
 aslarge as needed for optimizing the calorimeter’s res-
olution for electromagnetic showers, and the hadronic
resolution WOULD NOT suffer!




.. of Muons

- o ymportant for search of heavy
-uons for t, b quarks tagging

+ s . a problem for muon detectors,
~om accelerator and neutrons) have
\ y
s s >
« yrradiate y (showers) and loose
| ~.iion losses at a few hundred GeV, ébt’w
. s1ounds and requires corrections wniastion,

~anon s limited by factors similar to
4@ wms

b4

~A
N

- um resolution of ATLAS and-CMS detectors for stand-
-of the transverse

~ function of pseudempidity . fortwo:values
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