DELPHI Micro-Vertex Detector (and beyond..)

e [he DELPHI Micro-Vertex Detector
e [T he DELPHI Micro-Vertex Detector
e The DELPHI Micro-Vertex Detector
e T he DELPHI Micro-Vertex Detector
e The DELPHI Si-Tracker

e Radiation
e And beyond.
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1987: First signs of DELPHI Micro-Vertex Detector

e L=59 mm,
d=280 um, 25 um pitch.

e S/N(single-strip)=16!
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LATEST RESULTS FROM SILICON MICROSTRIP DETECTORS WITH VESI READOUT
FOR THE DELPHI MICROVERTEX DETECTOR

G, ANZIVING, R, HORISBERGER, 1. HUBBELING, B. HYAMS, T. TUUVA and P. WEILHAMMER
CERN, Geneva, Switzeriand

A. ZALEWSKA
Tnstitiet of Nuclear Physics, (racow, Poland

M., CACCIA and €. MERONI
INFEN, Sezione di Milano, Fraly

M. TYNDEL
Rutherford Appleton, Laboratory, Chilton, Dideot, UK

N. BINGEFORS
University of Uppsala, Sweden

Received 13 November 1986

A silicon micrestrip counter with 25 um strip pitch and two 128-channel low noise V1,51 readout chips {* MICROPLEX") has
been tested in a 3.5 GeV negalive pion beam at CERN, Results are given on the signal-to-noise ratio and on the cluster size spreading
due to capacitive crosstalk.
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Basic ingredients of Si-detector
amplifier
LfAl-strip

Pt SiO5/SigNy

™ +Vbhias

e w: typically 300 um (=0.32%Xy), 24k e/h pairs produced.

e pitch

— vertexing—precision— match diffusion width (y/mobility x drift — time), typically 10um. Hence
25um pitch.
Use floating strips+capacitive coupling and connect to 50um pitch electronics.

— tracking—save on electronics— typically 200 um read-out pitch with any number of floating strips.

— pattern recognition: pixels (1x1 mm? to 50x50um?). Essentially the same as strips, but bias=DC,
electronics is bump-bonded.
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1998: Design DELPHI Micro-Vertex Detector

Nuctear fnstruments and Methods in Physics Resesrch A263 (1988 215220 215
e Glue 4 sensors together.

e Bond 2-by-2, +Microplex chip

Morth-HoHand, Amsterdam

THE DELPHI SILICON STRIP MICROVERTEX DETECTOR

G. ANZIVINO *, R HORISBERGER, L. HUBBELING. B.D. HYAMS, T. TULUVA
and P. WEILHAMMER

CERN, Geneva, Switzeriand

A ZALEWSKA **

‘nsriture of Nuclear Physics, Cracow, Poland

V. CACCIA, C. MERONT and G. VEGNI

Jipartimento di Fisica dell’Universitd and Sezione INFN, Mifaro, lialy

vi. TYNDEL
tutherford Appleton Laboratory, Chilton, Dideor, UK

T, N BINGEFORS
University of Uppsaky, Sweden

The silicon stnp microvertex detector for the DELPHI experiment at LEP is presented. It consists of two cybndrical layers with 2
otaf of 165888 strips. The design parameters of the final project are described.

The microstrip counters have a pitch of 166 pm., and are read out every 30 pm using the capacitive charge division method. The
dectronivs wsed is the Microplex chip, an NMOS iotegrated civeudt, which provides 128 channels of low poise charge sensitive

unplifiers with multiplexed analog output, Results of signal-to-noise ratio from beam tesls on prototype detectors are given and
Iiscussed.
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1989: The DELPHI Micro-Vertex Detector

e Manpower increases

e Photo real sensor.

Fig. 5. Photograph of the bond pad area of an ac-coupled
detector showing the bond pads, 60X 100 pm?, the diode strips
and the polysilicon resistors with 5 pm line width.
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i54 NMuclear [nstrusments and Methods in Physics Research AZ77 {198%) 154--15%
North-Holland, Amsierdam

PROGRESS IN THE CONSTRUCTION OF THE DELPHI MICROVERTEX DETECTOR

M. BURNS, H, DIIKSTRA, R, HORISBERGER, L. HUBBELING. B.D. HYAMS, (6. MAEHLUM,
A. PEISERT, 1.P. VANUXEM, P WEILHAMMER and A. ZALEWSKA

CERN, CH-F211 Geneva 23, Switzeriaond

W. KRUPINSKI, H. PALKA and M. TURALA

Insticure of Nuclear Physics, Cracow, Boland

T. PALENIUS and E. SUNDELL
Abe Akaderi, Turicu, Fintand

T. TUUvVA

Ulniversity of Helantel, Finland

M. CACCIA, W. KUCEWICZ, €. MERONI, M. PEGORARO. N. REDAELLIL R. TURCHETTA.
A. STOCCHI, C. TRONCON and G. VEGNI

INEN, Milan, fealy
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INFN, Padua, Italy

P ALLPORT, G. KALMUS, P. SELLER, 3. STANTON and M. TYNDEL
Rutherford Appleton faborotory, Chifton, Didvar, Oxon., QX1 00X, UK

N. BINGEFORS

University of Uppsala, Sweden

The design and progress in the construction of the DELPHI microvertex detector are presented. The layout is desorbed, wgether
with results on precision mouniing of silicon detectors. The development of ac-coupled silicon merostrip detpfiDRetyan important
contribution to the design. The use of low-power CMOS readost chips factlitates the cooling of the detectpr. A desmption of the
fourth-generation readout processor for silicon steip detectors, the BIROCCO 1V, implemented in FASTBUS/ Finally, two
mﬁz;rlememar}f systemns for in-sttn position monitoring of the detectors are described,




1990: DELPHI Micro-Vertex Detector in Beam

e MX3: S/N 16 for 12 cm long sensor.

e MVD-complete: 55 296 channels.
e Test: 10 880 channels

Beam
10

8 =~ Reference Counters

Modules

Beam

910
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Nauclear Instruments and Methads in Physics Research A292 (1990) 75-80 75
North-Holland

BEAM TEST RESULTS FROM A PROTOTYPE FOR THE DELPHI MICROVERTEX DETECTOR

V. CHABAUD, H. DIJKSTRA, M. GRONE, M. FLOHR, R, HORISBERGER, L. HUBBELING,
G. MAEHLUM, A. PEISERT, A, SANDVIK and P. WEILHAMMER
CERN, CH-12}! Geneva 23, Swirzeriand

A, CZERMAK, P. JALGCHA, P. KAPUSTA, M. TURALA and A, ZALEWSKA
Institute of Nueleor Physics, Cracow, Poland

E. SUNDELL
Abo Aicademi, Turky, Finland

T. TUUVA
University of Helsinki, Helsinki, Fintand

M. BATTAGLIA, M. CACCIA, W. KUCEWICZ, C. MERONI, N. REDAELLY, R. TURCHETTA,
A, STOCCHIL, C. TRONCON and G. VEGNI

INFN, Milan, Iialy

G. BARICHELLO, M. MAZZUCATO, M. PEGORARO and F. SIMONETTO
INFN, Padus, HMaly
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Rurkerford Appleton Labaravory, Chilton, Dideoe, Gxon, QX117 00X, UK

HJ. SEEBRUNNER
Fachhechschwle Heilbronn, Heilbronn, FRG

Received 23 Tanuary 1990

Resuits are presented from a 1258 in the CERN SPS North Area of 2 prototype of the DELFHT microverigy ﬂi}ﬁgrrai’utl»sized
modutas built up from prototype ac-coupled detec:ars and VES! readout electronics were used. The spatial resofutronof the deleston:
uipped witk prototype YLS1 chips was measured 10 be 6.5 pm. The system aspecis, mcluding the readoul, wene N fpork well,
trapolating to the final compenents we expect w0 achieve a measurement precision of § pm with the DELPI] ! detecior.
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Beam Test Performance

e Got 5 um resolution.
e Tested stability with:

— Laser spots on Outer layer.
— Capacitive probes on end-rings.
— Both
systems also put into DELPHI, to measure
movement between Inner Jet Chamber
and MicroVertex: never really used...
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The 1990 Delphi Microvertex Detector

e Complete halve-shell

e Single Outer layer ladder.




1991: Did it work?

e Detector installed in March 1990
e Used 1990 data.

e Performed according to expectations!
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A measurement of the lifetime of the tau lepton
DELPH! Collaboration

G.E. Theodosiou®, A. Tilquin*, J, Timmermans®®, V.G. Timofeev! L.G. Tkatchev,
T. Todorov, D.Z. Toet?, L. Tortora9, M.T. Trainor®, D, Treillci, U, Trevisan®,

W. Trischuk’, G. Tristram ¥, C. Troacon®, A. Tsirou?, E.N. Tsyganov', M. Turala®®,
R. Turchetta¥, M.-L. Turluer®, T. Tuuva®, LA, Tyapkin®, M. Tyndeld, §. Tzamarias!,

The lifetime of the tau lepton has been measured by two independent methods using a silicon microveriex detector
mstalled in the DELPHI detecter. The signed impact parameter distribution of the onc prong decays vielded a lifetime
of 7, = 321 £ 36 (stat. } £ 16 {syst. ) {s, while the decay length distribution of three prong decays gave the resuit
T, = 310+ 3! {stat. ) + 9 isysi. ) f5. The final value of the combined result was 7 = 314 + 25 fs. The ratio of the
Fermi coupling constant from fau decay relative 1o that from muon decay was found to be ¢.95 £ (.04, compatible
with the hypothesis of lepton universality.
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What next: 1991

e LEP synchrotron radiation “mapped”
e Add extra shields and:

e Reduced beam-pipe:
—1990: 1.2 mm Al © = 160 mm
— >1990: 1.4 mm Be © = 106 mm

e Add an extra layer. e P 50

° 0'2 — (—13%?69)2 -+ (7 — 3 X O'VD>2 - '

NUCLEAR

. ‘ INSTRUMENTS
Nuclear lestramients and Methods in Physics Research A328 (1993) 447-471 & METHODS

North-Folland IN PHYSICS ol

RESEARCH
Secton A

The DELPHI Microvertex detector

T. Adve, R. Apsimon, J. Bizell, L. Denton, G.E. Kalmus, J. Lidbury, P. Seller and M. Tyndel
Rutherford Appleton Lab., Chilton, UK

+another 67 authors...

The DELPHI Microveriex detector, which has been in operation since the start of the 1990 LEP run, consists of three fayers of
silicon microstrip detectors at average radii of 6.3, 9.0 and 11.0 cm. The 73728 reacout strips, oriented along the beam, have 2 total
active area of (142 m®, The strip piteh is 25 pm and every other strip is read out by low power charge amplifiers, giving a signal to
noise ratio of 15:1 for minimum onizing particles, On-line zero suppression results in an average data size of 4 kbvte for Z% events,
After a mechanical survey and an alignment with tracks, the impact parameter uncertainty 83 determined from hadronic 79 decays

15 well described by f’a’)‘i/p[)2+243 um, with p, in GeV /¢, For the 45 GeV /¢ tracks from Z% - w~ decays we find an
uncertainty of 21 pm for the impact parameter, which corresponds 10 & precision of 8 wm per point, The stability duging the run s
monitored using hight spots and capaoitive probes, An analysis of tracks through sector overlaps provides an additionai check of the
stability, The same anslysis also resalts in a value of 6 pm for the intrinsic precision of the detectos.

Fig. t. Fveat display for a Z° —bb candidate, Run 21582, H.Dijkstra

event A9U4,
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On the DELPHI platform:

H.Dijkstra
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Three layer result:

e Allowed counting
nr charged particles from secondary.
e Excellent B-tagging.
DELPH] .Drelimingry
'_5._.3 F F. o data !
£ s2%m b
= l: 1_?05- E)-?C.—/.—M ‘
140 |- /T /
& XA | ﬁ"“"'-
C 0% 1M ]‘qq_(iﬁ_gu Lac[&.lrﬁ.an..-{!
120 :_‘ ‘2.___'..:'. (JEC(A-? I ;I,uf”r‘i‘:, I
100 |-
[ £ P
i :
30 -
50
W =
20
N

-0.3 . ¢ i S e . s

[mm]

Impoct poremeter

Physics Letters B 342 (1993) 253-266
Norh-Holland

PHYSICS LETTERS B

A measurement of the mean lifetimes
of charged and neutral B-hadrons

DELPHI Coliaboration
J. Timmermans®, V.G, Timofeev?, L.G. Tkatchev™, T. Todorov®, D Z. Toet*, O, Toker™,
B. Tome! E. Torassa®, L. Tortora®, D3, Treilie®, W. Trischuk®, G. Tristramf, C. Troncon#,
A. Tsirou®, E.N. Tsyganov®, M. Turala?, M-L. Furiuer®®, T. Tuuva™, LA. Tyapkin®,
M. Tyndei®, 8. Tzamarias®, S. Ueberschaer® O, l_}ttaland g V. Uvarov 4, (} Vaiemi_f,

The decays of B-hadrons have been reconstructed using the charged particles recorded in the DELPHI silicon
mucrostrip detector. The sum of the charges of the secondaries determines the charge of the B-hadron parent. Some
232114 muitihadronic Z% decays recorded during the 1991 run of LEP at centre-of-mass energies between 88.2 GeV
and 94.2 GeV yield 253 B.hadron candidates with well-measured charge. From these the mean lifetimes of newtral
and charged B-hadrons are found 1o be [.44 4 0.21{stat.} + 0.14(syst.] ps and 1.56 + (.19{stat.} + G.I3{syst.} ps
raspectively. The ratio of their lifetimes s l.ngg:g {stat.) & G, 1F{syst. ), Under some assumptions on the abundance

and lifetime of the Ag and BE states, the B and B+ lifetimes are inferred,

July 1, 2011
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Mike and OPAL?

e Also OPAL profited from

smaller beam-pipe radius (and from Mike..).

e [nstalled May 1991.

July 1, 2011
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INSTRUMENTS
Nuctear Instruments and Mothods in Physics Research A24 (1993) 34-52 & METHODS
North-Hollard N PHYSICS
RESEARCH

Sushons

The OPAL silicon microvertex detector

P.P. Allport ®, 1.R. Batley ", P. Capiluppi *, A.A. Carter ®, L.R. Carter ", 8.J. De Jong ©,
U.C. Dunwoody ®, V. Gibson ", W. Glessing ©, P.R. Goldey , M.J. Goodrick *, W. Gorn ',
R. Hammarstrom ¢, G.G. Hanson ©, J.D. Hobbs <, J. Hill ¢, 1.C. Hill ®, R. Humbert 9,
F. Jacob %, M. Jiminez ©, P. Kyberd *, C. Leroy %, X.C. Lou ©, A.J. Martin ®, I-P. Martin &,
C. Moisan %, C.]. Gram *, T.W. Pritchard *, O. Runoifsson ¢, P. Seller !, R, Shaw ®, P. Singh *,
ML.F. Turner ®, M. Uldry ¢, D. Veillat ¢, D.R. Ward * and K.H. Wolf ¢

A silicon strip microvertex detector has been desipaed, constracted and commissioned in the OPAL expenment at the LEP
electrom—positron collider. The microstrip devices incorporate @ new FoxFET biassing scheme developed together with Micron
Semiconductor Lid,, UK. The devices digitise with a precision close g0 5 wm and have an exceptionally high signal-to-noise vatio.
The associated microelectronics were all custom made for the OPAL project. The deteclor began operation m 1991 and has shoce
continued to be part of the OPAL expeniment, performing 10 a very high standard and opening up new dreas of physics studies,

ity was invalugbie. We thank M. Tyndel, H. Heijne and

H.Dijkstra
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e Add z-readout to aid B-tagging.
Installed spring 1994

LEP /s: 90 — 130 — 209 GeV
e Multi-jet events: WW, ZH

Need to extend n-coverage.
Installed spring 1996

July 1, 2011

July 1991

| Please Distribute to Your Group Members |

Microvertex Upgrade Meeting
CERN 16th - 18th July

COPIES OF TRANSPARENCIES

- 15 -

()  Summary of Facilities, Manpower, Effort Available

(1) Summary of Working Groups

Microvertex Upgrade (M. Tyndel)
Detectors (A. Peisart)
Beam Tests (W. Dulinski)
Electronics (A. Smith)
Hybrids (B. D'Almagne)
Module Assembly (M. Tyndel)
Mechanics (R. Brenner)
Online DAS (P. Jalocha)
Offline (M. Caccia)
Study of Vertex Reconstruction. . . . (P. Rebecchi)
Organization & Time Schedule (M. Tyndel)

(ili) Next Co-ordination Meeting

CERN, Tuesday 6th August, 14.30 h
24-1-D16
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Muclear Instrements and Methods in Physics Rescasch A 368 {1996} 314332 ’W
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ELSEVIER %

| The DELPHI silicon strip microvertex detector with double sided
readout

V. Chabaud”, P. Collins®, H. Dijkstra®, J.J. Gomez Cadenas”, R. Keranen”,
S. Masciocchi®, W. Trischuk®, P. Weithammer”, Y. Dufour”, R, Brenner’, R. Orava®,
K. Osterberg’, C. Ronnqvist®, H. Saarikko®"', I.-P. Saarikko®, T. Tuuva®,
M. Voutilainen®, J. Btocki®, P. Briickman®, J. Godlewski®, P. Jalocha®,
W. Kucewicz®, H. Patka’, A. Zalewska®, B. Bouquet’, F. Couchot®, B. D’ Almagpe”,
F. Fulda-Quenzer®, P. Rebecchi®, P.P. Allport’, P.S.L. Booth’, PA. Cooke',
A. Andreazza®, P. Biffi*, V. Bonvicini®, M. Caccia®, C. Meroni®, M. Pindo®,

N. Redaelli?, C. Troncon®*, G. Vegni®, J. Cuevas Maestro”, G.J. Barker', I. Bibby',
N, Demaria’, M. Hinn', P. Pattinson', M. Mazzucato', A. Nomerotski’ *, A. Peisert’,
1. Stavitski', M. Baubillier®, F. Rossel*, M. Gandelman', S. Santos de Souza',

R. Apsimon™, M. Bates™, J. Bizzell”, P.D. Dauncey™, L. Denton™, W. Murray™,
M. Tyndel™, J. Marco", C. Martinez-Rivero”, M. Karlsson®, I.A. Hernando”

Abstract

The silicon strip microvertex detector of the DELPHI experiment at the CERN LEP collider has been recently upgraded
from two coordinates (R only} to three coordirates recenstruction (R and 7). The acw Microvertex detector consists of
125952 readout channels, and uses novel technigues to obtain the thied coordinate, These include the use of AC coupled
double sided silicon detectors with strips orthogonal o each other on opposite sides of the detector wafer. The routing of
signals from the = strips 1 the end of the detector modules is done with 2 second metal layer on the detector sarface, thus
Iy keeping the material iy the sensitive area (0 a minimum. Pairs of wafers are daisy chained, with the wafers within each pair
i flipped with respect to cach other in order to minimize the load capacitance on the readowt amplifiers. The design of the

DELPHI

48758/ 2666

2ial/ed 17:02

/ﬁ e Add z-readout to two layers,
| | but keep low X/X0— Double Sided Sensors.

e Extended already coverage of “closer” layer.

H.Dijkstra
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n+ (z) Side Segmentatlon Al

Low resistance layer of free electrons near
Si-SiOs interface (+q in SiO3) — short neighbouring strips

e Several solutions to interrupt the e-accumulation layer.

e Field plates: extended AC-coupling electrodes
put at negative voltage relative to n4+ implants:

e p-stops: high dose p-implants to interrupt accumulation
layer. Originally just one big p-grid surrounding
all n+ strips, now a p-atoll for every n-strip. Also a
combination of p-stop and field plate has been produced
to reduce high field region after irradiation at p-stops.

e p-spray: neutralise
electrons by medium dose p-"spray” over whole surface.
Added advantage is the lower field near the surface
after irradiation. Also graded p-spray, modulate dose.

July 1, 2011 ST
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Field Plate Tests

e electronics=GND,

p+=GND and n+ at Vgepietion- - 4 :
: : 7 ﬁ@ w5V
e SiO5+SiyN3 layer can stand >150V. Sg0s {::‘3' Q o015V
e Scan over strips with 30 um laser spot. 30_3 S av U p+
. a. &l 1P
e Field plate 6V 5 V [ & O o o
o 0V 15V ] & 4 Oy @
e p-side i or
0.5 1 ar O 'ﬂ:q}.
& &
0.4 q DD O 'ij.}'
0.3 4 .
3 o0 O
0.2 O =
j o " DEO
o1 00 0R
‘ Q
, logft” 4o
T _12' T _r'| T T ﬁ — 1 R i

strip number

H.Dijkstra
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Double metal layer and multiplexing

e Double sided detectors: use orthogonal
strips, but keep electronics out of fiducial volume.

e Integrate routing lines on same detector

with double metal layer and via's

e Closer layer: 2 strips with 49.5 um and

1 strip with 49.5 um pitch multiplexed to one amplifier.

= H A ="
l / 385 / nstrips /| 1152 955
P 193 ¥l

_)L/ Alumintum line / /
e

19.1%

:

1 i

= 384 -
- T6.75%

e

n side

Fig. 6. The pattemn of contacis between the two metal layers of a

Closer layer detector (units are in mm),

July 1, 2011
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Flipped module design

Double metal n-side — larger noise:

Flipped Module Design. chip 1 T ek B
o Keep el | f barrel- | : poside g \ p-side
eep electronics out of barrel-acceptance! hybrid S side C | |
: .. ) -side
e Noise equalising, chip 2 et
e Solve ambiguity using sign of charge.
e Electronics=GND,
p+=GND and n+ at Vgepietion-

e SiO5+SisN3 layer can stand >150V. 8000

6000 Closer

4000 - z

mz Sy \ / —— \"\

50 —%0 B30  —20 -0 0 10 20 30 40 50

S/N
Ntasr - Pt
£000 VULt
2000
R 7 N T AN, M T M A M N R ]
S/N
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>1996: DELPHI Silicon Tracker

175k strip-channels, 1.2M pixels, 1.8 m? of Si

Outer Layer
R=103mm and R=108mm

Closer Layer
R=63mm and R=68mm
0>24

Pixel 11
12<0<21

2 Ministrip Layers
10<6<18

Inner Layer
R=89.5 mm and R=93.5 mm

6>21

15.5<0<25.5

July 1, 2011 -2l
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ELSEVIER Nuclear Instruments and Methods in Physics Research A 412 {1998) 304--328

The DELPHI Silicon Tracker at LEP2
The DELPHI Silicon Tracker Group

P. Chochula®, P. Rosinski®, A. Andreazza®. G. Barker®, V. Chabaud®. P. Coliins®.
H. Dijkstra® Y. Dufour’ ", M. Elsing”. P. Jalocha”, Ch. Mariotti”, K. Monig®. D. Treille®
W. Venus™*, A, Zalewska®. F. Ledroit®. C. Eklund®, R. Orava?, K. Osterberg®,

H. Saarikko® R. Vuopionperfi', W. de Boer®, F. Hartmann®, 8. Heising®, M. Kaiser®,
D. Knoblauch®. G. Maehlum®, M. Wielers®, P. Briickman'. K. Gatuszka'. T. Gdanski'.
W. Kucewicz. §. Michatowski’, H. Patka’, V. Cindro®. E. Krizni¢®, D. Zontar®,

J.C. Clemens™, M. Cohen-Solal®, P, Delpierre®, T. Mouthuy®, M. Raymond", D Sauvage®,
E. Bravin'. M. Caccia’. R. Campagnolo’, F. Chignoli'. R. Leoni’. C. Meroni®. M. Pindo’.
C. Troncon', G. Vegni. F. Couchot!. B. D'Almagne’. F. Fulda', A, Trombini'. J. Bibby",
N. Demaria®, P. Pattison®, N. Vassilopoulos®, M. Mazzucato'. A. Nomerotski', I Stavitski',
J.M. Brunet™. B. Courty™. G. Guglielmi™, 1.J. Jaeger™, G. Tristram™, 1LP. Turlot™,
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M. Bates™ J. Bizzell", L. Denton”, P. Phillips”™. M. Gandelman®, E. Polycarpo®, C. Bosio",
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Abstract

The DELPH! Silicon Tracker, an ensemble of microstrips. ministrips and pixels, was completed in 1997 and has
accumulated over 70 pb ™' of high-energy data. The Tracker is optimised for the LEP2 physics programme. [t consists of
a silicon microstrip barrel and endeaps with layers of silicon pixel and ministrip detectors. In the barrel part,
three-dimensional b tagging information is availabie down to a polar angle of 257 Impact parameter resolutions have
been measured of 28 pm @ 714psin®? Uipm in R¢p and 34 pm & 69/p pm in Rz, where pis the track momentum in GeVfe.
The amount of material has been kept low with the use of double-sided detectors, double-metal readout, and light
mechanics. The pixels have dimensions of 330 x 330 um~ and the ministrips have a readout pitch of 20¢ pm. The forward
part of the detector shows average efficiencies of more than 96%. has signal-to-noise ratios of up to 40 in the ministrips,
and noise levels at the level of less than one part per million in the pixels. Measurements of space points with low
backgrounds are provided, leading to a vastly improved tracking efficiency for the region with polar angle less than 257,
{: 1998 Elsevier Science B.V. All rights reserved.
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“Typical” DELPHI event, /s=161 GeV

DELPHI

68278/ 2990

XY
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Si-Tracker: figures of merit.

DELPHI

e very low X/X0, and 3 layers:

Ro 28 um @ 71/(p.sin/20) pm
Z 34 ym P 69/p pm

e (pin GeV)

after beampipe
......... after first measured point

-~ after all Sificon Tracker

fraction of radiation length

T A 1 1 1 £ I o Y o Lo 1
16 20 3 40 50 60 70
potar angle (degrees)

DELPHI Collaboration / Physics Letters B 499 (2001) 23-37
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RADIATION “‘

ZONE GONTROLLED
GONTROLEE AREA

Compare:
e LEP: L = 0.3 x 10°?/cm?s,
070=30nb: 1 eTe /s
o LHC: L = 10** /cm?s,
Tinelastic=060 mb: 60x107 pp/s

e ATLAS: Neutron
(E>100 keV) fluence (cm™?year™ 1)

e LHCb at 1 cm radius:
fluence (cm™2) per pp interaction.
@R = 8 mm:

~1-—15x10" nequiv/cm2 per year.
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Radiation continued

e Space charge inversion: n—p-type SOOO;

1000/
500}

o Vx ‘Neffective‘

300pm)

100
50/

10|

[ Nege| [10' em™ ]

Udep [V] (d

— 400

e Atlas strip detector layer at 30 cm.

300} +-—300

e Dominated by neutron fluence. > standard silicon
2 200 aTT #4200
% ______ S
o e d T |
> 100l 00 A= e 1100

oxygenated silicon

I ' ' ' —
)] | 2 3 4 5 6 7 2 9 10
time [YCEIIS] H.Dijkstra
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Radiation basics

Induced charge ¢At in two parallel electrodes:
Ramo (1939): Ag = e2
e Charge will only move in depleted(field) part of Si:

depleted—Si __ Viias
w Vdepletion

e |f space charge is uniform this implies:
Aqg = e,/ e x CCE

Vdepletion

Experiments with (non)-irradiated diodes measuring CCE:
e Use a-particles (range in Si = 20um),
illuminating both p+(e move) or n+(holes move).
e Conclusions:
— Non-irradiated: undepleted=conducting
— irradiated: undepleted=insulator
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CCE in under-depleted irradiated detectors

Example for Viias/Vaepletion=50% for 300
pm thick irradiated detector, which needs 800V to deplete.

e Remember Ramo: Aqg = e%
W 300pum thick  210um thick
Vdepietion 800 V 400 V
Viias 400 V 400 V
d 210pm 210pm
e/h 19000 19000
Aq 13300 19000

e Thinner silicon detectors are an advantage.!

e Additional advantage of thin-Si: less current, less
power dissipation: further away from thermal run-away.

- 27 -
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Diodes— Strips, i.e. charge sharing

e For non-irradiated detectors,
charge sharing is due to track incidence angle diffusion.

e For irradiated detectors incomplete charge collection,
due to under-depletion or trapping, is the extra cause.

e Compare to data: irradiated DELPHi
sensor: 25(50-readout)um p-pitch, 42um n-pitch.

e Line is a “naive” model with one free parameter: d.
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Charge sharing: resolution and efficiency modelling

Model some “typical” detectors:

ATLAS type LHCb type
Thickness 300 um 150 pm
Strip pitch 80um 25um
Noise 1500 ENC 1000 ENC
Threshold 6000 ENC 3000 ENC

—» coarser segmentation
makes you less sensitive to under-depletion.
Atlas beam-test results for 3 x 1014 24 GeV p/cm?:
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LHCb VErtexLOcator

e LHCb chose n-in-p, small pitch sensors.
e |t took DELPHI “few months” to align, reprocess.

e LHCb on-line monitors charm yield.

% LMCb Qnline Prasenter,

{58t run number ¥

Run 80845, started 2011-05-02 48:08:31, duration: 01:00:24

| InciusivePhi Invanant mass | sl
£ Brunel: status of th Erirles 213162
i caLD: Display = Mearr 1‘:::
E . s :
T ECAL: Ecal Status 18005 —
I HOAL: Heal Status 16005}

I HLT: page 0: ODIN
1 HLT: page 12 HLTY
T HLT: page 2: HLT2

I HLT: page B: Beam
I HLT: page 7: rates 1
) HLT: pase B: Signal
FH T Custers
I T Eror banks
i LocALD; LoCao

%LUCALU Reacout 3020 32040 3060 3080 3100

3120 3440 3460 2180

D{->Kpi invariant mass

D->hhh invariant mass

= aam E
14000 St RUS 25006 e
C G n g
& -+ , =3
MUON: Inefficient/dead cha; 12000 e - C = e
archive = -+ 20006 — - @
10000 - r - =
8000 - . E L =
= - SO T,
6000 — i - 10008 —
4000 o - F
Ty 5 5000 —
zo00 - h F

bl ol b b Lo Lo Lo b Ll
1820 1830 1840 1850 1860 1870 1830 1890 1900 1310

Top left J/Psi (3036). This is a test of the muan identification which in HIZ is the same as in offine. It is also a test of the tracking and alignment. Ifthe OT moves, the mean
will shift

Top right: phi (1020). This checks the Rich reconstruction.

Bottom left: D-=Kpi. This checks the low momentum range of the trigger and tracking.

Bottom right: D-=hhh
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Conclusions

e Mike had a HUGE impact on most of the Silicon
Vertex Detectors around in HEP in the last
~ 25 years.

e While detectors came online,
Mike was already looking for new horizons:
upgrade, next accelerator etc..

e He continues doing so today!
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