LL spectrometers at ATLAS and CMS

Our charge:
Survivability
Resolution
Pileup
Angle/rapidity coverage
Efficiency
Jet Resolution
Jet Separation

6 minutes

The “S” is for “Scary”.

ATLAS Resources:
TDR, muon TDR (522 pages)
http://atlas.web.cern.ch/Atlas/internal/tdr.html

LHCC meeting
http://agenda.cern.ch/fullAgenda.php?ida=a041899
4 muon talks,
+ magnet
+ computing

CMS resources:
LHCC page
http://cmsdoc.cern.ch/docLHCC.shtml
with link to muon TDR (441 pages)
http://cmsdoc.cern.ch/cms/TDR/MUON/muon.html
muon group page
http://cmsdoc.cern.ch/muons.html
LHCC meeting
http://agenda.cern.ch/fullAgenda.php?ida=a043653
3 muon talks
+ magnet
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MDT chambers

12m
Resistive plate chambers

Resistive plate chambers | MDT chambers
\ - = Barrel toroid
10 \ ‘7_4 coils

Toroids: barrel, 2 ends

T'] 0
. = Barrel region
E e E * - EIE
— i on coll \ .
= severe field changes
ED o= .. L.
- ¢ -0 at the transition !
EBetsve=e=r coai =

., 1 1 (i
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ATLAS chambers e e

acceptance: n= 24 27 166

o 8= 1049 7.7°21.59
tI'.aCklng. |T]| <27 cotan(0) =54 7.4 2.53
trigger: Iml<2.4 cos(8) = .983 .992 .93

wire volts gain chanls press time o(single) o (s.l.)
wm 1000 bar ns
monitored drift tube 50 3270 2x10* 372 3 480

cathode strip chamber 30 2600 1x104 61 I 30

pitch
(mm)

resistive plate chamber -- 8900 ? 354 I 1.5 40
thin gap chamber 50 3100 108 320 I 25" 77-36
181 o JO 120 14-49

population: 3 radial “stations”

monitored drift tubes 4+4 3+3 343

cathode strip chambers  4+4 very forward
resistive plate chamber 2 2 2
thin gap chamber 2 243
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ATLAS efficiency and resolution 0wt beam

N = -In(tan(6/2))
n = 24 27 1.66
—100 05 — — 0 0 0
g A 443  —— Reconstruction efficiency g — 17 = 0 = 104% 7.7% 21.5
? 99 : ggg ~ Fake-track rate 0.45 e & S cotan(@) =54 74 2.53
ﬁ H 04 % - = v Wire resdution and autocalibration cos(0) = .983 992 .93
15 : 035 & = 10 - @ Chamber alignment
S e = —_ O Multiple scattering
S ' 03 v m = © Enengy loss fluctuations
“’é’ 0.25 = a E_ A Tatal
8 0.2 *E =
1o S gE Iml<15
Paet iy 3 E
g - 0.1 _E :_ .
e ELE acceptance:
0.05 —
=] = 1 .
IR 1 o E tracking: Iml < 2.7
o 2 E trigger: Inl<2.4
~100 05 = =
s A 443  —— Reconstruction efficiency = ]
7 99| m 433 Fake-track rate 0.45 e 10 .IDE '||]3
& ® 333 , g
£ o4 3 pr (GeV)
% 0.35 E
g 103 & g 10 T
W i
. 0.25 s 7 Py = 100 GeV
3 0.2 5 8
a2
0.15 £ 4
0.1 5
0.05 4
0 3
2
1
0 |
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ATLAS alignment

RASNIK Mask
/
=

Cross-plates

CCD

Proximity sensor

\Transparent Si sensor

Reference frame Radial beam

P

\ Real-time, internal

. * '
Internal alignment of chamber alignment !

Monitored Drift Tubes

Laser collimators

alignment parameters L Bamel .
. . . projective sensors
intrinsic RASNIK sensor <1 um w0 W
positioning of sensors 20 um ”
Wﬁﬁ’

global positioning within barrel 300 um , ]
Stablllty reqUirementS < 30 um 2 mounting plates

overall alignment with tracks
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ATLAS, radiation

1000

800

600

r (cm)

400

200
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104

10°
10°
10!
:
107"

1

1022
1000 1500 2000

104
10°
10°
10!
5
T

gl

1000 1500 2000
Z (cm)

photon flux
kHz/cm?

neutron flux
kHz/cm?
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1

100 —

ATLAS performance
900 =
— 12 — 12 i
% 11 @ MuDn spectrometer + i = 1 & Mucn spectromeer + E ==
S Inner debector : I = Innar detechor L = \
= 10 & Mucn specirometer anfy ,r" = 10 & Mucn specirometer anly /00
T 9 ! = 8 5
8 <15 j o = 1.5 A
& 8 & 8 Ul 600 . / .
7 7 | inmer tracker ;
cmly g
. & : 500
5 5
4 4 -
3 3 400 -700 -600 -500 -400 -300 -200 -100
3 Z (cm)
2
1 . .
. 1 P406: all pat.rec 1s local J
4]
10 10° 10
F’T (GeV) % &0
L
= 50
Table 2-1 Principal performance parameters of the muon spectrometer §
Main physics Performance E 40 0= 2 ' 3 GEU
Parameter criteria desired actual Comments ]
Mumenmw 30
AppSpp at 20 Gel H—=Zi—= 4 1-2% - 2.5% bMuon spactrometar only Hrmit
by energy loss and multple scat- a0
taring
Combined with inner tc T
AppSpr at T3 GeV H—=Z8 =4 1-2% - 2.4% Muon spectrometar only Hmited
{MEEM) by energy loss and mulbple scat- "
I:E'I.'.|I'|g U oo o ol IIl n
120 130 140 150 160 170 180
- 2.0 Combined with inner tracker 0
H" reconstructed mass (Ge\)
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TGC production & test: schedule and prog! o °
— Production schedule 1000 ‘ s I I A S I l e | I e ‘ ; I e

100 7| —=— Production progress a S W
— Testschedule ,

o Testprogress / 0 .
60 /,r / E 600 ,_.,
22 b
40 ,-""J/ & o _ Inner Chamber rail Prackets have been delivered (392)
20 %’“é ‘ A Mid and outer chambers standard brackets wil be completed in August (448)
Lan= 200
0 ] ; : : L1 Pre-production of support brackets for feet chambers has been made. (Order for 52 to go in weeks).
Jan- Juk Jan- Jul- Jan- Jul- Jan- Jul- Jan- Jul Jan- Jul- o Lo b k t
00 00 01 01 02 02 03 03 04 04 05 05 st smes s snmos  tuuees | Order for the reminding 528 DFACKELS to go out at the end of summer.

MDT Chamber Production (w/o EE) S Orry = Chamb er humor

T
—+Bare MDT

——Plan Bare MDT
—=—MDT with FC

1000 Plan MDT with FC
e~ Integrated MDT
—Plan Integrated MDT

—— Ready for Installation MS @
800 £ 5 drift time
® . =
2 £ el @ maximum drift time___| Mean 668.1me
_‘SGW £ § : g 0 RMS  1.388ns
S 2 D-mj fitted) -
; - S
w0l - — _ - _ _ _ _ ooos— | 5 250
= 1 o ]
s E
001 - — — —'-— -~ °'m; f -
5ty o wo o wo 151
04 B drift time / ns
Jan-00 Jan-01 Jan-02 damog, o Jan-04 Jan-05 Jan-06 10F
T Y
Chambers are consistent. — R "
Individual Drift Time 660 662 664 666 668 670 672 674 676

Tmax 1s longer than expected; does not affect G. Spectra for each Tube

. Electronics test

B ut ) O Low noise level

. Single tube response + Along each tube
. r-t relation

maximum drift time / ns

Homogeneity of Chamber

+ All tubes in a layer

did not present direct measurement of resolution

« All layers

Well, that is honest !

*12 MDT tubes (10%) show slight loss in gain within first 10 cm from gas inlet; no ageing in remaining
MDTs.

* Pulse height loss developed within first 4 weeks of operation, afterwards: stable plateau

* Ageing, as in previous study, caused by Si-O needles on the anode wire
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CMS

C.M.S.

mowenent with field on: 0.5 om uted
Compact Muon Solencid [ ;‘ Field off ; 1 L
Longitudinal View i_: o ™ JI 3
=11 n=1 o n=05
7.430m 1 a l | 7s00m
c355m MBI (TN T
| | [ ENIS
A | wew3 [ N MEAS|[MEDE ]| cgem
Ny M : |!. Ve
i B vawig  AHEm
W | [ s
.E i A0 L s0om
o
o
=24 ZIHM 5504 m
e

— 1611 m
=120 mM 4 q455m

"

— 8BA1

— 0440 m
0.00m

1458 m

Field off

CMS, side-by-side

with ATLAS !
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mowement with feld on: 1 oem

AN cimensions are indlcalsd Wi fald ot

LM RS R LR P g

£2=-21,01,2 according to the Barrel wheel concemed

%

MDT chambers

Thin ga
s chambers

Radiation shield

O 0

Resistive plate chambers |

Barrel toroid coil

End-cap
toroid

Cathode strip

12m

1 |
A—

chambers
—_—r— 0
20 18 16 14 12 10 8
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CMS, chambers

0 is w.r.t beam

acceptance: N = -In(tan(6/2))
. = 21 24 1.66
traCklng |T]| < 2.4 g - 14.0° 10.4° 21.59

cotan(0) =4.0 54 2.53

trigger w/RPC: Inl <2.1 cos(0) = .970 .983 .93

wire volts gain chanls press time o(single) o(s.l.)
um

m
drift tube
cathode strip chamber 30 3000
50 4100
anode (2.5 106 wires)........cccovvvvvnnnn...
resistive plate chamber -- 9000

population: 4 radial “stations”

drift tubes 4r¢ +4z +4r¢
cathode strip chambers 3
resistive plate chamber 2

1

1000 bar ns um

195 400 250 100-150

273 50 75-150

..... 210 (1700-6000)
pitch
160 3 10-40mm
4r¢ +4z +41¢ 4r¢ +4z +4r¢ 4r¢ +4z +4r¢
2 2 2
2 1 1 Dbarrel
1 1 1 forward
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CMS efticiency and resolution

Efficiencies m the barrel region (0 < |ny| = 0.8) for track fitting m the stand-alone muon system
with the vertex constramnt for several values of pr by the number of track segments
successfully used.

Track losses (%6) Successful track fits i barmrel (%) Fesolution
i IE‘HE{' Fﬂl}llll'e Number of frack segments App.
G | segments | &t | 2 3 =2 Total|
1000 2% 204% | 27.6% 32.5% 13.3% 73.4% 18.6%
500 3.8% 12.8% | 204% 34.2% 19 8% 83 4% 15.2%
B 300 3.2% 1.2% 28.5% 38.6% 22.7% 80 9% 12.3%
] 100 1.5% 1.1% 31.0% | 39.5% 26.9% 07 4% 8.3%
10 5.0% 11.6% | 334% 32.6% 17.4% g83.4% g2.0%
e
Coinemnents tisee o mare st inchding at et one of she frst o batre st o the
first endcap station; any three stations: and any two stations.
There seams to be some loss here,
but the text acknowledges
there is refinement to be done in the
pattern recognition
. L E P P D. Peterson, Muon Spectrometers at ATLAS and CMS, presentation to LEPP 19-Nov-2004
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CMS alignment

Alignment design parameters and component statistics.

Intrinsic sensor accuracy <5 um
Accuracy of barrel chamber positioning <150-350 pm
Accuracy of endcap chamber positioning <75-200 pm
Number of Rasnik systems 12
Number of MPA sensors 546
Number of video-camera detectors 612
Number of proximity measurements 1404

Fiz. 7.2.1{color): Bamral Muon position meonitermz schemea. The system 15 based on 1izid mechanieal
structires (36 MABr and 6 Z-bars ), optical commections between them (diagonal conmections,
Fio. 7.2.3: The desi £ the 31 MAB. 1- C a box for chamber Nea t 2 counaciion between MABs and Z-bars) andaptic_a.} commections between MAB: am!bane] mon

= e R o o Al De TS enen chambers {mmon chamber optical lines). The position of the Barrel Muen system wath respect to

Camera box for diagonal connection; 3: Camera box for z measurement; 4: TransRarent sensors . ‘ " :
for the link; 5: Tiltmeter; 6: Fixation: 7: Endcap link connection. the Cantral Tracker 15 located via Link linez (6 on each side).

I think it is some kind of camera positioning gizmo.
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CMS, field

LG 27 19495

i
7

Longitudinal field
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Magnetic Fleld
{range in Teala)

o
oo
Emz o
P p
w0 b Hoo =
™ @ [ oo o
Lo i o3 o BH Al Goga 04 e - o
B - U oo oo ] - I M- T =)
I T S R R T ] L onq RN R R NN
DgadmMmecaodnd - g S T o = S
[ = e e R e o g = (R K B N s
S eA AWLMo - iﬂrﬁﬂ'\
ag gEs
F a8 M

Radial field
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CMS, radiation

1000

800

600

neutron flux 400
Hz/cm? 200

photon flux
Hz/cm? 20

L L L L L L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L
0 500 1000 1500 2000 2500  (cm)
L[ N N e —

16210 1010 10° 108 107 108 10° 10* 10 10?7 10 34x10"

((m) T T T T T ' T o

1200F

10001

800

charged flux |
Hz/cm? »

0 500 1000 1500 2000 2500 (cm)

29x108  10f 10° 10* 10 107 10 1 w0t 10?107 s0x10®

(e h)
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CMS, performance

43

]

AP e (%)

Trooking Remolubion—Muon Systermn with Yertax Conebroint

'IFT="I[|LEH!IBI|'H' {
* pr= 100 =y

-FT=5Ii&1|' |

= gy = 25 GaVW T
-3 &

o

1T

[
T

Comrsa ocoordireta arror (oml [4R]
@

k3
T

[
T

1 F
ﬁ =2
=0t
ée P = 10 GaV/ic
Blr 50
@

@
oo
e 10
d
i
-1f
. 250
B
e
o
L L L L L L Ex ] I WA A A AT B AT A A |
-3 -2 -1 a 1 z =] -3 -3 -1 [ 1 2 ]

Fracisa coordinata arror (om) [Rad]

Pracipa coordinate error (on) [RA]

Fig.

The approach is that the resolution

is significantly improved by using the
inner tracker information.

This 1s in contrast to ATLAS.
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f

1.3.7: Extrapolated position error ellipse for muons at n=0 and n=2.

\

something to do with
matching to inner tracker

o5 |-
2= |
13 -
14 -
5|
a | 1 1 1 | 1 1
pl=1} 11 120 1= 1 TH m 17
Four muon mass (GaT)

Fig. 1.5.1: Beconstmcted mass distribution with background of H” (150 GeV) — ZZ¥,
ZZ* s ptppw for L= 107 pb.
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S

| eptember October November | December °
W34) w35 W36 W37 w38 w39 wa0| wall wa2| wa3| wad| was wa6| wa7| waB| wa9 w50 ws1
| [
YB+2: MB1 + HO supports HV JBx | |

YB+1: MB1 + HO supports HV JBx

YB+2: 10MB1 + 5MB3 + 2MB4 Ready
YB+2:6BMU1 + 2BMU3 ready

YB+2: Install 12 BMU |
Alternate install window
YB+2: 5SMB2 Ready

8MC ready (4MB1, 2MB2, 2MB3)

YB+2: 4BMU1, 5BMU2, 2BMU3 ready

YB+2: Install 11 BMU

YB+2: DT with gas flowing 11 DT under gas 23 DT under gas | 34 DT under Gas

YB+2: 10 DT under HV

Install one MC on YB2 DT
YB+2: 1DT+MC

September | October | November| Dec. [ January | February | March | April | Ma June
36[ 37 38| 3[40 41[ 42/ 43] 44| 45 46] 47[ 48| 49[ 50/ 51 2[ 3 4} 5 s} 7} 8[ 9 ﬁ‘u}:z 13}14}15}16 17}13
[
DT Certification, Acceptance Tests [[TTTTTTTTTTIITITTITTITITTTITT T | [ T O T T
1 amB41] amB41]
Alignment Calibration || [20 DT 20 DT |
[o7 dressing (6 MBaTo) T

YB+1:replace 1524 HVBs.
200 HVB (3-4 MB3)
400 HVB (SMB1 + 4MB3)

640 HVB (4MB1,0MB2,2MB4/10)
640 HVB to assembly sites
Batch of 1920 HVB_F at ISR
YB+1 Complete (-Chimney MB4To)

Y8+1 Certification I | [
YB+1 Dressing Complete [T

[YB+1 MC + RPC Coupling
YB+2 install MC

YB+1 Installation

YB+1 under gas

Y8+1 10 DT under AV

YB+2, YB+1 commissioning

B+1 DT under 0as.

YB+1 Commissig

YB+0: Replace 758 HVB +288
5MB1,5MB2,5MB3,2MB4/10, GMBATC
[YB+0 Certification

Y8+0 Dressing Complete

[Y8+0 MC + RPC Coupling

YB+0: Installation + 6MBATo

VB-1,Y8-2: Replace 600 HVB
YB-1,Y8-2 Certification
YB-1,Y8-2 Dressing Complete
[YB-1,Y8-2 MC + RPC Coupling

YB-1,Y8-2:

600 Many charts !
B j:: There is a picture of the alignment thing.
- But,
- I did not find anything on
;00 reconstruction efficiency refinements.

Dec- Feb- Apr- Jun- Aug- Oct- Dec- Feb- Apr- Jun- Aug- Oct- Dec- Feb- Apr- Jun- Aug- Oct-
02 03 03 03 03 03 03 04 04 04 04 04 04 05 05 05 05 05
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