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A Familiar Particle in a New Setting

EVENTS WITHOUT JETS

CeV B A T _‘ °
I 1+ W Ivat CERN in 1982
ez £ b " —  Observation (with Z)
G, - //J | establishes the Standard Model
A= é 1
L. ’i s A p;(u+) = 29 GeV
S ==l ATLAS
Events/2CeV % 1 ) A\ ETmi55= 24 GeV
S8 8N ‘_EXPERIMENT T s
- 2 30 40 Cev 2\ \

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

Transverse electron energy [GeV)

« W —lvatCERN in 2010

—  First source of high
momentum leptons

o .y = W-pv candidate in
— Standard Model in new  SSEEE R, ™ 7 TeV collisions
energy regime ‘ e
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From the Familiar to the Unknown

(We hope)

« Search for physics beyond what we 10° greem - r———"2
know must be based on a solid : o, !
understanding of the detector and 10 | Teviwon  1hc 31
the Standard Model : g = .

. 5 :_ _: 6
« W iignature 10° o E {10
—  Charged leptons 3 ER
30 ! . J410* =
—  Missing energy (from weakly-interacting 107 o 5 B b +°
neutrals) L (’jet(ET]et >s/20) N =
E _ 3 ]
—  Modeling of pp collisions S 10 E ow 4 : 4100 ~
\) E o5 ] 2

« Leptons flag electroweak interactions  ° £ E#>100cey) -1 3
. . . . -1 [ : J10° £
in a sea of strong interactions (jets) 10 g . ;10

—  Generically, something new could ] / ; 3 i
participate in either interaction, or both 107 ¢ o/ ER

—  But leptonic signatures are easier to : S Ex'* > V514) 1
distinguish from background 10 [ Otiggs(My = 150 GeV) : 410

« Weakly-interacting neutrals pretty E G41000(My = 500 GeV) 1
. H S . | AN 1100
Interesting, too 107 = X 0

Vs (TeV)
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Overview

e The LHC and the ATLAS detector

« W candidate sample

— Lepton definitions
— Backgrounds
« Measurements
— Inclusive cross section

— Charge asymmetry
— Differential (do/dP;)
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The I[HC at CERN

: w

(_zc—"j;‘ d,‘ls.POint 8 it ATLAS ALICE

: . Point 1 %Point 2
cms .. R
Point 5 ——7 -
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[

C@/ JeV

Total Integrated Luminosity [pb]

« Rapid LHC startup

e 2 - 368 bunches

« 2010 Instantaneous luminosity — 2808 possible
record = 2.1 x 10*? cm2s’! « ~10'"" p/bunch
— Tevatron I’eCOI’d ~ 4X7032 Cm_ZS-I PY > 20 MJ Stored energy

60— N N I — Jevatron: 2 MJ

- ATLAS Online Luminosity \s=7Tev ]
50 [ LHC Delivered -

- [__] ATLAS Recorded —
40 Total Delivered: 48.1 pb’ ]

T Total Recorded: 45.0 pb™ E
30— - L Ongoing analysis ~ 30 pb-
20— : -

- bunch trains 1
10 -

e I T - > Publication ~310 nb-’

0 L
24/03 19/05 14/07 08/09

03/11

Day in 2010
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The ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector ‘ Shielding

Hadronic Calorimeters
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Hadron Collider Kinematics

Muon Detectors E

n = —In(tan(6/2))

.
17 o

"” = —C0
0=n
beam axis
== s — i $ z
AAAAAA ’r’ = 4 0
- \,!
; = R — F N ) \
P———T "> g
Eamel, Tonaid nner betector | Hadronic Calorimeters | shigding
— _ B . = miss _ A
Pr =(p,p,) pr =psinf, E_ = FEsinf E;" =- EEln,-

clustersi
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Flectrons in ATLAS

Tile barrel Tile extended barrel

EM calorimeter cluster,
possibly matched to inner
detector (ID) track LAr hadronic

end-cap (HEC)
E.> 20 GeV, |n| < 2.47
— exclude gap between barrel  encop W0 —
and endcap 1.37 <|n| < 1.52

“Loose” selection

— shower shape in middle layer

' LAr electr f o~ 7y 3
of calorimeter barrel o \ L/ll
1 LAr forward (FCal)

“Medium” selection

— add fine-granularity shower shape and track match

“Tight” selection
— add E/p, more track quality, high-threshold TRT hits, conversion veto

« Trigger: Level 1 (hardware) requires coarse-granularity cluster with |n| <
2.5 and E; > 10 GeV
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Muons in ATLAS

o« Combined muon: matched inner detector (ID) and muon
spectrometer (MS) track

o Selection:
— p; (combined) > 15 GeV

— p; (MS) > 10 GeV reject decays in flight
— |p(MS) —p(ID)| < 15 GeV
— |n| < 2.4 (trigger geometry) MDT chambers

12m

Resistive plate chambers |
10
Barrel toroid coil

¢ e

« Trigger: L1 (hardware)

— p;>6 GCeV

Thin gap
chambers

D

toroid
Cathode strip

Radiation shield
chambers

—— R === :

20 18 16 14 12 10
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Level 1 Muon Trigger

« Collisions (ultimately) at almost 40 MHz, write to disk at 200 Hz

« Three-stage trigger: Level 1, Level 2, and “Event Filter”

« Level 1 implemented through on-detector electronics

4) Search for coincidence (high-p;)

RPC3 L OW-pT
RPC2 (pivot)

High-p_

1) Seed from hits in “pivot” plane —

/" Rect
3) Search for coincidence (low-p;) /

2) Draw road

MDT |
_—mmmmm————————————

T
15m

25 January 2011 c. mills (Harvard U.)

11



« L1 trigger (6 GeV threshold) for first papers — HLT not commissioned

« Measure trigger efficiency for reconstructed muons in orthogonal (calo) trigger

5 1:I T T T T T T T T T T T T T T T T T T T T T T I: a 1:I T T Iol T I_IOI | IC)I T T | T T T T I T T T T | T T T I:
c - ] c C | _o— = 07 © 3
) 0.9 = ) 0.9 . ° —
S o 1 &8 ¢ —e—Tt e ;
5 08 | o ““ s o8 ] :
> 075 L, 4 307 | E
5 0.6 l ATLAS Preliminary 1 = os ATLAS Preliminary =
Do 1 Ok 8
0.5 i — 0.5 . —
2k det=331 b’ 1T 2 det=331 b’ ]
T 0.4F 4 B 04F 3
T 03k m<105 barrel 3 & 43t m>1.05 endcap 3
025_ e Data 2010 \s =7 TeV) 1 025_ e Data 2010 \s =7 TeV) 1
015_ oW — uv MC E 015_ oW — uv MC E
OEI 1 1 1 | 1 1 1 1 | 1 l 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 IE OEI 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 IE

0 10 20 30 40 50 60 0O 10 20 30 40 50 60

Muon P, (GeV

N

Muon P, (GeV)

« Inefficiency in barrel = gaps in geometry

« Endcap: some TGC inefficiencies not modeled, uncalibrated trigger roads
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W
u,d
>
d,u

Cross section:

Ncand _Nb

ackground

O =
Ay xCy, x [ Lt

A,y X C,y = fraction of signal
expected to pass selection

o] £ dt = integrated lumi.

t the [HC

g —> Electron or muon

v —> Missing E;

Backgrounds:
°/ — ee,uun
‘W — v
o/ =11
tt with t = Wb, W — In
“QCD”
* heavy quark decays

 hadronic “fakes”
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W Cross Section Measurement

P— |
o] - ATLAS
: -
[— B
>
- 10 ,
T : “““““ .
= el
=T e e
1= et e
X = e e
b -t e \o‘
B K ®/0 .
“““““ NNLO QCD /O CDF W-s (l/e) \
- e m/0 DO W— (e/u)v
< S W (pP) ® UATWSI
nl —>lv
107 — W (pp) UA2 W
= R v —ev
= oo e W (pp) Ph W= (e*/e)
- . ) ®/O Phenix W™ (e*/e’)v
I % e W’ (pp)
{ | L | | | | | o
1 10

\'s [TeV]
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electron muon
L1 trigger: E; > 10 GeV L1 trigger: p; > 6 GeV
E: >20GeV pr > 20 GeV
In| <1.370or 1.52<|n|<247 In| <24
pass “tight” criteria isolated from other charged particles

E miss > 25 GeV

transverse mass M; > 40 GeV
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The High-p; Electron Data

Electrons with E; > 20 GeV in events firing L1 electron trigger:

“Loose” electrons > “Tight” electrons
IIII[IIII|IIII|I[II|IIII|IIII|IIII|IIII 106 lllllllllllllIIIIIIIIIIIIIIIIIIIIIII‘!?
% 10° EATLAS Preliminary —e— Data 2010 (\s=7TeV)%: % ATLAS —e— Data 2010 (\s=7TeV) 3
107:5 ] [ Jw—ev E: (5105 1 [ Jwoev _;
LI El Ldt=315np" CJaco 0 det=315nb‘ 1 aco -
a 106 Z—ee - ) Bz e ]
2 5 COw-—w E 210 CIwow =
.E105- -Z—>1‘r _;I 'E' -Z—>‘CT ]
w I « E w3 [ ]
10* E 10 E
10° E 107 .
P i .
10 10 E
10 1:
1 1
-1
1020 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
electron E_[GeV] electron E;[GeV]
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The High-p; Muon Data

e Muons with p; > 15 GeV in events firing L1 trigger

e Refine muon selection: _
— p;>20GeV iso=| Y prt|/pr <02

tracksin cone

—  Relative Track Isolation <<

in cone if AR = \/(An)2 + (A(p)2 <04

SN—

% GEI ! IIAI+|LIA§| TTTT TTTT | TTTT | TTTT | TTTT | TT Ij g T T T I T T T I T T T I T T T I T T T H
: —e— Data 2010 \s =7 TeV) - - —e— Data 2010 \s=7 TeV) ]
(L?) 10 E CIWony 3 e 10° j‘Ldt=31Onb1 Wy N )_=
- E 1 - E
> 10° J Ldt=310nb % - = 3 ATLAS Preliminary E S :
q:') Bl Z- 7 "E’ 104 C Iw—w =
'E 104 [ - L Nz é
Ll 2 ¢ 3 , i ]
10°F 3 10 E
02k : 10°
10 3 10
1 1
1 1 L L I 1 L ] | L 1 L
20 30 40 50 60 70 80 90 100 0 0.2 0.4 0.6 0.8 1
muon P, [GeV] MmuoRNn Track Isolation / P,
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Selecting the W signal (l1)

« Missing Transverse Energy E;”“ =— EE,fl - pr + E, Dy

clustersi

« Reduce backgrounds by requiring E;™s > 25 GeV

>105§"'|"' III|"'|"'|"'§ > 105§||||||| |||||||||||||||§

[ - ATLAS —e— Data 2010 (\s =7 TeV) 7 ) - ATLAS —e— Data 2010 \s=7 TeV) J

(D 4‘ |:]W—>ev n E{D) - C Wy -

10 ?JLdt=315”b_1 CJaco ER 104?JLdt=310nb'1 o aco E

n C [ Jwow 3 N C COwosay 3

» C ] Q0 . B Z - pu ]
= 103 Bz ee = 5 —

T E Z->1t = c = -~ -

i - =tf ] w 10 i_ B E

10°¢ E 10°2 3

10 + | 3 10 =

T ] ]

-|_._‘_l g: 3

0 20 40 60 80 100 120 0 20 40 60 80 100 120

electron channel ET° [GeV]
T

muon channel EI™* [GeV]
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Sel

« Transverse mass M, = \/2(p;‘)(E;niSS)(1 — cos(@" - QDE%““S )
« Clean up sample with M; > 40 GeV

S 10—y s T T T T T T
[ - ATLAS —e— Data 2010 (Ns =7 TeV) ] (GDJ - e Daz0i08s<7Tev) ATLAS i
E{D) 4‘ 1 [ Jw-oev 1 o 104? %W—mw 1 E
10°F - 1 [Jacp 5 = Qcp B -1 3
; EJ-Ldt_315nb [ JwW-ow ] (%)) T CIwo JLdt_310nb ]
_q__) B -tf i GCJ 103__-Z—>H” -
- 103:_ -Z—>ee - "E E [0 A 3
Lﬁ - T 3 w g .
102 1 10 5
10 4 10 E
"||I+‘— E :
1 Ik 1 E
0 20 40 60 80 100 12C 0 20 40 60 80 100 120

electron channel m; [GeV] muon channel m; [GeV]

Yield: 1069 candidates 1181 candidates
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Backgrounds to W — ev

« “Electroweak” backgrounds (Z — ee, W
— v, Z — T, tthar): 33.5 £ 3.0 (stat+sys)

>300_.\. I I AN AR RR RN RN R eveﬂtS
3 } ATLAS
r = + +
250 | J L dt =315 5" *  Ngcp =28 £ 3 (stat) + 10 (sys) events
'..qg: 200:_ | —4— Data 2010 (\s=7TeV)_:
L - \:I W-ev+W-o1tv ] * i . 1 1
5ol oo e ] « QCD: Template fit to E;™* distribution
n [ ata template) .
: | : (after all other requirements)
- |
100 | E —  W—evand W— tvtemplates from
500 _: simulation
; b e —  QCD template from data
o L
b™10 20 30 40 50 60 70 B0 90 100 = Some electron ID cuts reversed, veto
ET®® [GeV] events with isolated electrons

—  Systematic

= Vary requirements for QCD template
= Restrict fit range
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Backgrounds to W — uv

« “Electroweak” backgrounds (Z — uu, W — v,
Z — 7, ttbar) 77.6 + 5.4 (stat+sys) events

e Cosmics: 1.7 = 0.8 event

 QCD: 21.1 £ 9.8 (stat+sys) events

_ ) , Ny = N non-QCD T N QCD
— N, candidates before isolation req.

" Niso Pass Nicor = Enon-qepVnon-qcp * EqenN ep
isol

= Ngcp are from QCD, N,,,.ocp are not

— Apply isolation requirement, with different
efficiencies from each sample

= Measure €., ocp (i-€. signal efficiency) from Zs

= Measure ggcp in QCD-dominated data (15 < p* < 20
GeV), and extrapolate to p;* > 20 GeV using simulated
dijet events

|

Solve, and gyepNocp IS the pred. background

|

Systematic from extrapolation of €qcp,
significant statistical uncertainty, too
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channel
electrons 0.462 + 0.014 0.659 + 0.046 0.304 + 0.023

muons 0.480 £ 0.014 0.758 + 0.030 0.364 £ 0.018

« Factorize acceptance times efficiency

— A, = geometric & kinematic acceptance (measured at truth level)
= From Pythia 6.4 (LO)

— C,, = detection efficiency
= GEANT 4 simulation of ATLAS, corrected to data

« Common systematic uncertainty on A, 1s 3%
— Dominated by PDF dependence
— Includes LO-NLO differences

« Systematic uncertainties on C,, = 7% for electrons and 4% for
muons

— Reconstruction and trigger (u) efficiencies
— Energy / momentum scale/resolution
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channel (lumi) Npackground cross section (nb)
electron (315 nb') 1069 61.5+10.8 10.5 £ 0.3 (stat) £ 0.8 (sys) £ 1.1 (lum)

muon (310 nb") 1181 100.4%11.2  9.6+0.3 (stat) + 0.5 (sys) + 1.1 (lum)
combined 2250 - 10.0 £ 0.2 (stat) + 0.5 (sys) + 1.1 (lum)

« Cross section times branching N
ratio BRIW—[v) o

« Theoretical prediction: A, xC, x f.[:dt
— 10.46 = 0.02 nb
— FEWZ w/ MSTW2008 pdfs

« Luminosity uncertainty is 11%

N

cand = " background
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— -
Q - ATLAS
: -
[ — | =
? Data 2010 \'s =7 TeV)
- 10 J Ldt=310-315nb" ¥ e "
T — o Wolv
; — mW' Iy
B AWSTy 0 BT e .
N e vt
h - et e . . .
m 1 et T e IR
X E \\\\\\\\\ “o““
b; - et e "‘,..
s NNLO QCD ®/O CDF W-s (I/e) v
A m/0 DO W (e/u)v
T e W (eP) ® UATW-I
Al —lv
10°E —— W(pp) Dan W
— R . v —>ev
e W (pp) henix W s (e
-, ; ®/O enix W — (e*/e’)v
— % e W (pp)
4 ] o ] ] ] ] ] o
1 10
\'s [TeV]
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W+-W- Charg

e Asymmetry

« W favored in proton-proton collisions in eta-dependent way

— twice as much u as d in the proton, harder u-quark PDF

detector
acceptance

I

Il
|

do/dn; [nb]

._.
o
Y
‘ \ .
3 . -
(] ——— o —, — —
~ \
. 1

Asym‘ ()

®ae,
e,
*eesnstenee

from F. Fayette et al., Eur. Phys. J. C63 (2009) 33,

by way of M. Boonekamp
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- ATLAS
det =315nb"
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W —>ev
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- +
[ E —
r -;V:T‘fcv e ]
o Bt | B
L | _|_ | | ]
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: - T
r [ N
> 15 1050 05 1 15 2

n
AR LAARN LAY LA LN LY ALY RARRE RARN
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LI I L I L B B

5

|1||;“li_|i

|

i
[
[

JLdt=315 nb"

L

—o—Data 2010 \'s =7 TeV)
W s ev

JQcb -
W7 ee e
W > v
Bz

Bl it

Lo bv o v Ly o by

é

2-15-1-050 05 115 2

3

Charge Asymmetry

[Inputs

B160F ATLAS | e Datazotone-7Tev)
b= C CIOw-uv b
"u140—_J.Ldt=310nb'1 Ewow g+ 7
1201 =0 L
L B ]
100j | -
80 T | N i
L —* —o— [ ]
60-) _+__.__T_ N
- [ 1 ]
40_— .
201 ]
025 1050 051 15 2
n
8160 ATAe T
£ CwW o ]
L“”'O;‘JLdt=310nb'1 Dwoe gy-
120F — Lo
r I ]
100_— 7
80 .
60| .
40 =
20 =
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Charge Asymmetry R

'('D
A
C
~
A

|
|
l
)

> 0.5 1 > 05T AR e . _
Z [ —— Data2010 As=7 TeV) 1 % [ —+ Data2010 \s=7 TeV) ] O,z _ O—f
S [ 444 MC NLO, CTEQ6.6 1 € [ 444 MC NLO, CTEQ 6.6 ] A _
€ 0.4 ¥ MC NLO, HERAPDF 1.0 - E 0.4F 8% MC NLO, HERAPDF 1.0 - = /+
£ [ #%% DYNNLO, MSTW 08 1 & [ %% DYNNLO, MSTW 08 i O +0
o3 W—ev _‘ o3 W—pv | .
0.2 IRIIIIINIIINN \ _:
0.1 ATLAS_S :
: J.Ldt= 315nb" - : J.Ldt= 310nb"
O v v v v b T O v v v v b T
0 0.5 1 1.5 2 0 0.5 1 1.5 2
electron |, | muon |y |
integral combined result 0.20 £ 0.02 (stat) £ 0.01 (sys)
MC@NLO with CTEQG.6 027U e
MC@NLO with HERAPDF 1.0 0.202 £ 0.019
DYNNLO with MSTW 08 0.184+0.011 .,
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W D

=V miss =/
pr=E;r " =-pr—u
2000
: W =l oy =l -
0 20 40 60 80 100 120 Pr =Pr+Pr _M U

Py [GeV]

|III|III’I

1P W — tv]
 In progress: do/dp; for the W |
TS
e Characterize hadronic recoil AN
, , \‘ \\_‘:\
system (vector u) N \\\
g/ M/ \
‘:x‘ 'Jl Px
%20000 ;_I T T T T T T T T [ Iﬁl_ IDaItaI20I10INSl=I7 ;-e\;)l_; 7: ;,2
©18000F =it : /
~16000 T 3 /
[} [ e 3
(1] —
12000 ATLAS Preliminary A (a)
10000 L
6000 = — .

?

W mass |—> M, =+/2(p})(p}) (1 -cos(¢" —¢"))
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W p. Response Matrix

« Calorimeter resolution = measured and reconstructed W p; may be quite
different

— Related by a Response Matrix R

%]

T H
—e— Dat E
; (12.1 8000 E ‘g o _;
- %1 6000 § E’ - _g
& §14000 = E
w Eggg ATLAS Preliminary
x o o J. Ldt=35pb" -
b 6000 _;

4000
2000 7;
0 20 40 60 80 100 120

W

true p; reco prt reco pr”

« Can build response matrix from W Monte Carlo events

— Have both true and reconstructed W p;

—  But, accurate modeling of recoil? ﬁ 7 W e
o Better: build from Z data

—  “Truth” from Z p; reconstructed from leptons

—  “Reco” from hadronic recoil ®)

—  Correct for slight differences in W and Z kinematics (sum E;)
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W p Unfoldin

Ezoooo e a2 2070 =TT
= ©18000 Ho" E
— 16000 = P E
a 214000 = E
512000 ATLAS Proimiary
reliminan y 5
Q 10000 a7
x : 8000 J. Ldt=35pb ,;
- 6000 E
b 4000 3
2000, E
0 20 40 60 80 100 120
rue p W reco p
T reco p- T

« Can “unfold”: invert matrix, map back to truth

T T
320000 —e— Data 2010 N5 = 7 Tev) ;
wWou E
©18000 cco ] [
16000 .z E
> Cworw E o
2 Bz =
£14000 =: ]
12000 3 (o]
ATLAS Preliminary 3 I
10000 . x (&) —
8000 I Ldt=35pb i m
6000 E |

0 20 40 60 80 100 120

reco p;" true p;V

true p;"

« Measurement to be completed in coming weeks
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Summary of W Measurements

« Benchmark high-p; electroweak 10° greem - e
processes at the LHC by O ——— 3
characterizing W production at 10" g Tevawon ~ LHC 1
ATLAS — 7

. . 10° f 11
— Inclusive cross section : % 1 .
— Lepton charge asymmetry 10 b J10 s
F 0B >Ns20) I
— do/dp; : 5 1 3
) ) S 10k oW~ 110° :l
« Feeds back into physics - o277 | EE:
© 0 (E/#>100GeV) 3
— Standard Model o f ; Jie £
= PDFs i g ]
* QCD modeling (perturbative and 103 £ o/ 4102
non-perturbative) L (B> s ' 1
— Detector response 10°5 | tiggs(Myy = 150 GeV) 110+
= Hadronic recoil and E;™miss ;-(,H. (M, = 500 GeV) ]
E 19gs . 3
= High-p; electrons and muons 107 Dot A AN L L T8
0.1 1 10
Vs (TeV)
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W/ candidate event

« Rarer processes (0, = 18 pb) are beginning to appear

CATLAS’

}’ EXPERIMENT

M =96 GeV Run 166466 Event 26227945
uu ) Time 2010-10-07 22:16:39 UTC
miss
M; (e-E;™'ss)
= 57 GeV

P(u*) = 65 GeV
P(u) = 40 GeV
P.(e) = 64 GeV

E miss = 21 GeV

WZ->evuu Candidate
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 Build on knowledge from W sample
— Better modeling of signals and backgrounds
— Understanding of muons, electrons, E;™

— Go after multilepton signals

= Start from WZ (for example), test for supersymmetry or anomalies in the triple
gauge boson coupling

— Longer term: search for very massive particles

= Still anchor event selection on leptons for trigger, background rejection
= New event topologies?

« Representatives from experiments and accelerator are meeting
now at Chamonix

— s=7or8TeV?
— run through 2012 or stop at the end of 2011 to go for 14 TeV?
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Backup

25 January 2011
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More on Electrons

Trigger: sliding-window algorithm using reduced-granularity clusters An x Ag =
0.1 x 0.1

Offline reconstruction: sliding window of 3x5 cells or 0.075 x 0.125 in nxg
—  Flectron = cluster with E; > 2.5 GeV and matched track with p; > 0.5 GeV
Reconstruction: exact requirements vary with E; and |n|, but three categories:
Loose electrons
—  Fiducial: |n| < 2.37 and exclude 1.37 < |n| < 1.52
—  Shower shape in middle (largest) layer of calorimeter: cluster width in n
—  Hadronic leakage: E,(innermost later of HCAL) / cluster E;
Medium electrons: loose +=
—  Shower shape in innermost (finely segemented in n) layer of calorimeter
—  Track match (An)
—  Track quality (pixel, SCT hits and impact parameter)
Tight electrons: medium +=
—  High-threshold hits in transition-radiation tracker (TRT); hit in innermost pixel layer
— E/p
http://cdsweb.cern.ch/record/1273197/files/ATLAS-CONF-2010-005.pdf
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Holes in Barrel
Trigger Acceptance
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Muon High Level Trigger

« On L1 accept, location of muon (Region of Interest or Rol, about An x Ag
= 0.1 x 0.1 in barrel, smaller in endcap) sent to Level 2

« Level 2: full-granularity reconstruction of muon within Rol
—  Spectrometer segment finding by LUT
— ID track match included

« Event Filter (Level 3): identical to offline reconstruction
« Improving momentum resolution = better background rejection
«  Work ongoing

—  Alignment, algorithm optimisation
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LHC design parameters

Quantity number

Circumference 26 659 m
Dipole operating temperature 1.9 K (-271.3°C)
Number of magnets 9593
Number of main dipoles 1232
Number of main quadrupoles 392
Number of RF cavities 8 per beam
Nominal energy, protons 7 TeV
Nominal energy, ions 2.76 TeV/u (*)
Peak magnetic dipole field 833T
Min. distance between bunches ~7 m
Design luminosity 1034 cm=2 571
No. of bunches per proton beam 2808

No. of protons per bunch (at start) 1.1 x 1011
Number of turns per second 11 245
Number of collisions per second 600 million

(*) Energy per nucleon

From http://cdsmedia.cern.ch/img/CERN-Brochure-2009-003-Eng.pdf
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