CJ + the Pilot Run
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Early Days

LD #

¢ JADE at PETRA@DESY was | e
the “kernel” of OPAL ettt o e e st

== Iead g Iass The resolution in space, momentum and dE/dx should of course be as good as

possible. The approach taken in this note is to try to give a realistic estimate

of the resolutions which could be achieved in the framework of the present

-
=i Jet Cham be r chamber concept. Numerical evaluations are based on the following parameters :

chamber radii : Ri = 20 cm, Ro = 180 cm, Ltrack = 160 cm, Lwire = 500 cm,
B = 5 KG.
- - -
invented by Joachim Heintze / HD
The next step would be to see if the resolutions are adequate for the physics

goals.

~
“ deficienci ith th
So m e e Ic I e n c I e S WI e R¢ - and momentum resolution. The minimal requirement is charge identification

at highest machine energies. A sagitta error of As/s = 0.5 leads to a (3-5)%

]
'AD E Jet ‘ ham be r misidentification of Q. If one accepts this level of uncertainties this leads

to a condition

s < 0.5s = 0.5 + 0.00375 - BL® - % , [m, KG, Gev/c]

- 3 separate “rings” with
independent jet cells e T che e o

As < IGOP (p = 150 GeV/c)

o difficult alignment These conditions can easily be met.

Relation between sagitta error and momentum resolution :

-= Z resolution... ) .

p P
ps = .00375 LB —g- = .048 ——;

¢ Do it better at OPAL A B

i; = 20.8 As
Pe
-
o Ioooong WIre planeS! no A As = 160y leads to a momentum resolutionf—t— =3 10_3.

boundari 5

In order to achieve good mass resolution for high mass objects (e.g. Higgs

search through ee » 2 + H:i), one would like to have Pt = (1-2) - 10_3.
Pt

- laser calibration system
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Also better Particle ID
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Early Tests...

¢ Small Chambers
- 1982: dE/dx test chamber (many, but short wires)

PS test beam, not very successful..., sparking problems
- 1983: 8-wire prototype (few, but long wires)

electro-static stability tests

¢ Full Size (or Scale) Prototype (FSP)
- 1984-86: 2 sectors, full size (160 wires, 4 m long, 4 bar pressure)

some initial sparking -> misaligned connectors
SPS X5 test beam in West Area, very successful
also tested with laser system

¢ Also somehow important

- Januray 1984: Rolf became Jet Chamber Coordinator for the
Construction
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Full Size Prototype
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Design Study Group (DSG)

- “DSG” stands also for “Deutsche Schlafwagen Gesellschaft”

= German company that operates sleeping cars for trains
¢ Idea
- create a CJ design group to finalize main parameters

- 2 people from each institute participating in CJ
Bonn, Heidelberg, Freiburg, CERN (from North to South)

¢ 37 meetings, from mid-1984 to end-1987
- minutes written (“online”) by Albrecht or (sometimes) Rolf

- minutes were THE reference for e.g. HV distribution
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DSG Minutes...
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although Albrecht wrote the
minutes, he didn't seem to

have participated at the meeting...
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Glas Field Degrader

- 7 }q)" Fi /O/ (‘9(1'7;:&(1(&— dGL gé
- Field degraders made out of V/ 6 eld _ Jegrede
epoxy have potential
weaknesses (but must be good
for 24 kV over 6 mm) FIELD DISTORTIONS A2 ©=30° ¢= 0.5 3.0 5.0 6.5
2 04|
small air bubbles, other reference at 0.5° |~ o L.
unrecognized defects are dangerous (=straight) | I
" A new idea -os | | ! ! ! ! ! !
0.4 - '
- why not use glas instead track at3.0° | o [
(ok..) | . [
clear material, defects immediately >
visible I | | | ! | | |
0.4 ; -
-= test made with FSP in January track at5.0° | o I
1986 with laser beams (hmm..) | ¢
- -0.8 |- '
¢ But (surprise...) | e
- laser tracks are not straight 200pm| b T T,
- E-field is not well homogeneous Pl L
] . tl'aCk at 6_50 20 40 60 80 100 120 14OW|;§>O
reason: lower bulk resistance of glas (not ok) RESIDUALS. LINE
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The real Thing...

& Construction of the final Jet Chamber started spring 1987
¢ Lots of quality control

- wire tensions (sagging) of all wires

- wire samples taken every 10" wire and investigated by electron
microscope

¢ The real thing (cosmics + laser tests)
- 2-sector test (summer 1987)

- 24-sector test (summer 1988)
-~ combined test (January 1989, with CZ and CV)

3 detectors..., 3 coordinate systems..., 2 were wrong...

¢ And just before closing and transport to the pit...
—= ...dead fly found between the wires...
- careful removal by Rolf, assisted by Jiirgen Zimmer and MH
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Wire Scans (one of many...)

Results of the Surface Examination

(hhode— e, €

- ==

Results of the surface examination

Sample No.

1-1 PelYfps i

1 -2 At w/au
1-3 Ak W/Au
1-4 Pl Cu/Be
—_
TL 1-5 Pc6S/pa V/Aw

1-6 A W/Au

[}
]
-

Dl W/Au

2 -1 PGe/p¢ W/Aw

2-2 AlY /b
2-3 Poe:y Pio Cu/Be
2 -4 Ao W/ha
2-5 AlL Wk

2 -6 PC?/ A W/iu
2-1 A6 W/hu

OPAL “Reunion” Party

Wire Type.

Remarks

A few small holes in the Au layer
otherwise satisfactory

Several large holes in the Au layer
As above
Satisfactory

A few medium-sized holes in the Au
layer otherwise satisfactory

As for 1 -1

Several medium-sized holes in the

Au layer

Several large holes in the Au layer
Satisfactory
Satisfactory
Several large holes in the Au layer

Several medium-sized holes in the
Au layer

As for 2 - 4

Ag for 2 - 5

Wire Type

W-Au

W-Au

W-Au

W-Au

Remarks

Alignment of small and medium-sized holes
in Au layer; Au layer locally irregular

Alignement of big holes in Au layer; not
good: photo taken already by Mr.Heuer

Small and medium-sized holes in Au layer;

some scratches; Au layer locally irregular

As above

W-4Au

W-Au

W-Au

W-Au

W-Au

. W=Au

As above

As C 2/A 8
As C 6/A 8
Small and medium-sized holes in Au layer
As Cc 7/A 8

As C 9/A 8
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Wire Defects found on Samples

Typical surface defects. Longitudinal extrusion defect running the

whole length of the sample examined
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Some Impressions

CEFENSE OE FUMER
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First Beams

¢ 14™ July 1989

—= LEP first turns in the afternoon

we learned that e* came from the Jura, e from the Lake
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Magnetic Field Direction

¢ What's the direction of the magnetic field?
- how to figure out? |

= classical method used...

— =f
o o 4
—— s
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The Pilot Run

¢ 1 week in August 1989...

- _..we all spent day and nights at the pit...

- _..slept upstairs in the barracks or just on top of the desk whenever there
was no beam for some hours

¢ 1% OPAL Run Coordinator: Rolf

¢ 13™ August 1989: first collisions at 2 x 45 GeV

- first OPAL Z° (and first at LEP) 10 min after beam separation was
removed (23:20)

no CJ yet, too much backgrounds (collimators not yet moved in)

- Aldo wasn't present (Rolf sent him home for sleep before)

- LEP Control Room was called immediately

Rubbia on phone, didn't believe it!

¢ OPAL driver sent to LEP Control Room with online event
display print-out -> Rubbia believed it eventually
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The first 2°
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The first 2’
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Pilot Run Results |

¢ Aldo gave talk at EPS Conference in Madrid, September 1989

PiLoT RUN

/
LEP pELIV ERED AT 1.¢ ~9o

OF ote™ collistons AT AVERALE

-2 -1

28
LOopinoScTyY OF~ ' xi0 cun e

OPAL OVER ALL ON TIME CSENS:TN&’
TRIGGER) HAs BeEN =& %

To

DATA RECOR DED L

=z -

ig MK
2 &fe”

A Tt~

z 25 GEV
LR’ ‘

~ 2l DECATYS —»

— 25 shALL K BHARHAS ,

TIhE DistrlBvTION —[]

ol
A) DETECTING Z%s

5) DETECTING ShalL ANG LE
BHA BHAS
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The first Z° peak

;Z'@ EWEN‘H’S HUOUK wf BTN

Event# | JET | Online - o 1- -
Filter Flag o0 P
300 111 2°» hadron?
30 v i/ Mente Carlo
330 1 1
Multi-Hadron Barrel (14) Y PR :
300 1 1 ¢
22734 | off| YES 280 b
| 31 Y . 2 b2 EE
2 1
30848 | off | YES 230 ' ; '
31439 | off | YES 220 T r .
24304 | off |  YES 00 i ‘ end-op jebs
49689 [ ON YES 190 -1 "
58854 | off | YES 170 1 :
61050 | ON| YES 160 1 1
66905 | ON| YES 120 1 i-
69177 | ON YES 120 H .
71737 | off | YES iio ; -
73728 | ON| YES % i i
81416 | ON YES 80 - i 1
- 1
Multi-Hadron End 4 £ i -
-] 1 -
58496 0 - npalelle] i- eM Clustev Ewengy (GeV
39614 | ON|  he I (1801 G2 e M Cluster Evergy (6 )
e N me cwwes s B 20 45 8, 0, bt
E N no 1 12!45678’012345578’012345673!0123‘567890123‘5678’01234561890123656789012!4567890!2345578’0]2!45678,0
+ E- CONTENT. 2 ) .
el ) TR mmeielcsmees =
53726 | off YES LOH-EDGE - : ) S : -
61019 | ON YES ' . LL11131111111131 11131 EITI T
0 m_”};(l‘:;gg;:;ﬁ:;ss«««sssssucunnnaeaaa”””onoooxnu122222;3333““4455555666“67177780
‘802“79!!57’02“0013579]24‘80245791!5‘80246891351’094600“57,1345902457’l!57802
TA +TA - 1 0 0365!2097‘621’0‘531087542197643!0375320976(2193653208754219864!l0315!20’754!!’8‘5320”542l’@(fo!l0875
0 049392‘l504837260596027l6049382615040372‘05"32716049!82615043372605,482“‘04’332‘15043372605’48271‘
60155 | ON/| no | - g?:‘“;ljs . 5249 % ALL CHANNELS = 0.5249E*04 » UNDERFLOW = 0.0000E+00 u OVERFLOW = 0.0000E+00
. D = 0.1844E+0) » MEAN VALUE = 0.3475E+02 "R .H .S 0.9934E+0) o
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Pilot Run - Detectors Working

¢ Calorimeters, Muons, Endcap working...

Run:event 448: 8908 - 22NN
E;':m:‘"&co;e&‘_':ssg o“::i;%o‘; J‘;‘“ 15;2;8 Ctrk(N=" 0 Sump=0.0) EcaM= 0 SumE= 0.0) Heal(: Runievent 446: 59614 Dole 890817 Time 202807 Ctk(N= 27 Sump= 64.2) Ecal(N=122 Sum = 79.7) Heal(N= 6 SumE= 9.9)| 0
p=0:008  Thrust=0 00‘00_ o 0-6 N '_‘( 00, 0.00, 0.00) Muon(N=" @) Sec Vix(N= 0} Fdet(h Ebeam 45.500 Evis 89.6 Emiss 1.4 Vix (  0.10, 0.54, 23.77) Muon{N= 0) Sec Vix(N= 0) Fdet(N= 0 SumE= 0.0) }
= =0. plan=0.0060 0biai=0-00C0'Sph§f=0‘0000 A B82=0.000 Thrust=0.9932 Aplan=0.0011 Oblat=0.0759 Spher=0.0178 )
. Triggers set... '
: 11° 1PT02 E .
12 + TOFOR DFF Lll\S

5 e

: 32 + EBTOTLO T

; : 48 ¥ EELHI DIS? LA

i L 49 * EERHI

: + 74 * TPIO

i ot 79 TPTO %

i 80 -unuse
A.a‘-{-' gﬁ
-
.
4
lLGe BARREWL~ N 5
: h ©
e Mz > 2 JETS INTHE
1 200. cm. | 51020 50¢ , E

Contre of worean fs (0.0000, 0.0000, 0.0000) f 4 — Contre of 0 00000, 00000, ©0000) | 200. cm. |

OPAL “Reunion” Party Michael Hauschild - CERN, 21-Oct-2010, page 20



Pilot Run - Detectors Working

¢ Also tracking...

— - /
Run.event ' 446 69177 Date 890817 Time 233615  Ctrk(N= 37 Sump= 63.8) Ecal(N= 96 SumE= 65.7) Heal(N= 1 SumEs/ 0 Run:event 446: 69177 Dote 890817 Time 233615 Ctrk(N= 37 Sump= 63.8) Ecal{N= 96 SumE= 65.7) Hcai(N= 1 s}m[= '9)
Ebeom 45.500 Evis 66.6 Emiss 24.4 Vix ( 028, 093, 1123) Muon(N=0) Sec Vtx(N= 1) Fdel(N= 0 SumfZ= 40) | [f Ebeam 45.500 Evis 66.6 Emiss 24.4 Vix ( 0.28, 0.93, 1123) Muon(N= 9) Sec Vtx(N= 1) Fdet(N= 7sum£ 0.0) ]
B2=0.000 Thrust=0.9717 Apian=0.0028 Obiat=0.1305 Spher=0.0505 . 82=0.000 Thrust=0.9717 Aplqn-0.00ZG Oblat=0.1305 Spher=0.0505 )

Triggers set...
™1

Triggers set...
1'4"‘%}41

18 Torte 7
I‘ MANY

#
i

S
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Runevent 446 61019 Dole 890817 Time 205054 Cus(Ne 2 Sumpe 738 EcolN= 67 96.1) Kt 0 SumE= 00)
Emas Mooa(t 0} (N~ 0) Foei(Ne 0 SumE= 0.0)

OPAL Run 446 Event 61019 - ECAL

Nice Events

Runevent 446, 60155 Dote 890817 Time 203650 Clk(N= 7 Sump= 74.4) EcallNe 73 SumE= 29.2) HalN= 8 SumE= 11.9)
Ebeom 45.500 Eis 411 Emss 499 Vix ( ~21.45, ~1448, ~2567)  Muon{N= 0) Sec Vs(N= 1) Fdel(Nm O SumEs 0.0)
220,000 Thvust=0.9903 Aplon=0.0000 Oblot=0.1291 Spher=0.0216

Runevent 446. 60155 Date 890817 fime 203650 CUk(N= 7 Sump= 74.4) Ecal(k= 73 SumE= 29.2) HeolN= 8 Sumé=-119) | T
Ebeom 45500 Evs 411 Emass 499 Vix (2145, ~1448, <2567)  MuonlNe 0) Sec Vix(h= 1) Fdi(h= O Sumx 00)
81:0000 Mvusi=09903 Oblal=0 1291 Spher=00216

F

Y
2 X

@

/ |
100.-cm: 2 s 10 wow

Contr of screen @ (00000, 00000, am/»

AN AN

Cos 3 vs ¢ —~ Largest bin is 45.51 GeV.

s 252" X~

200 cm. 31020 s0cw

Cantr of screen (00000, 00000, 0.0000) Conte of screen s (00000, 00000, 00000)

LA X, ste~

Run:event 446 61050 Oate 89081
Ebeam 45.500 Evis 34 3 Emiss 56.7 Vix ( -040. 016, -0.02)
B2=0.000 Thrust=0.7362 Aplan=0.0022 Oblat=0.5806 Spher=0.2296

Triggers set...
T

»-

7 Time 205127 Clk(N= 49 Sump= 67.7) Ecai(N=114 SumE= 32.5) Heal(N= 1 Sum=" 1.8)

Muon(N=  2) Sec Vta(N= 1) Fdet(N= 0 SumE= 00) {

OPAL Run 446 Event 61050 — ECAL

OPAL “Reunion” Party

Cos ¥ vs ¢ —~ Largest bin is 3.40 GeV
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First Physics with 18 Multihadrons

¢ Event Shapes + QCD

1/Nevt. dNevt./dS

28

24

20

1/Nevt. dNevt./dT

Opal Pilot Run, August 1989

o Solid Histogram, JETSET71

Sphericity

Open Histogram, HERWIG32

l’rlllll'l

Q.3 0.4 0.5
Sphericity
F Thrust
:_ Soflid Histogram, JETSET71 +
L Open Histogram, HERWIG32
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100
% FoPAL |
Eq=91GeV
— 8o}
o [
g
= 60 eax OPAL 2-3-4-jet data
h b
g — QCD O(ad), Apz= 110 MeV]
2wl -
2
o
S 2l
5 |
0.0 0.05 0.}0 I 0.15
Ycut
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