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Lots of Questions

Even if we find the Higgs, even if we find SUSY
- and especially if we don't -
questions remain

Why are there multiple copies of the same particles?
Where do the values of the masses come from?
What about gravity? and dark matter?

Are there more quarks, leptons or gauge bosons?
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Where are we now?

LEPTONS
: Electron Muon Tau
3 | Neutrino Neutrino Neutrino
‘| Mass < 1 « 1 « 1
c, . . 5
Electron Muon Tau
05 106 1777
Rows and columns, masses of
the periodic table provide QUARKS
clues to underlying physics Up Charm Top
Mass 3 1270 173000
? Jd
We have yet to understand : : <
the structure and values in Down Strange Bottom
5 101 4190

our own periodic table
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at CERN outside of Geneva, Switzerland

design: proton-proton collisions: center-of-mass energy of 14 TeV
lower energy to start - 7 TeV for 2010, 2011, 20127

27 km circumference .
4 major experiments
100 m underground



The ATLAS Experiment

Tile calorimeters
LAr hadronic end-cap and
\ forward calorimeters

\ LAr electromagnetic calorimeters

Transition radiation tracker

Muon chambers Solenoid magnet

Semiconductor fracker 7000 tO ns
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The ATLAS Experiment
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The ATLAS Experiment
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ldentifying final state particles
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Today: Resonances
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All results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Jets
Electrons
Muons
Photons

... and a few

other things
along the way
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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EXPERIMENT

uuuuuuuu : 167576, Event Number: 69725215

Dijet event: jets with pT of 1.2 and 1.3 TeV




Understanding jets

5_ | , .

Beyond iﬂClUSive j&t -fé) 10 EATLASPre"minary —o—-@I
cross sections, we 5[ N7 - -
. . ’ © 104g_zggojgtéjvoliﬁtkzs [ 3

can |nveSt|gate event o) - Leadlng two jets: 1y**'1<0.8 _O_—o—_,_ i
O o pmax>110 GeV —e— —o— |

topology to check £ | 3 Dbta [Lai=86pb!  [—o— -
. = o =22 ]jets =

agreement with the - e s :
- b =4jets * T ey ]

Standard Model 102 = Blls =
i e i
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Dijet Azimuthal Decorrelations
Submitted to PRL: arXiv:1102.2696
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http://arxiv.org/abs/1102.2696v1
http://arxiv.org/abs/1102.2696v1

Searching for Resonances
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Searching for Resonances
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Dijet resonance
search performed
with 10 times
more data

No hints of a peak

Place limits on excited quark
g*: 2.15 TeV

and several other models
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Electrons and Muons

Track
INn the Inner
detector
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Electrons and Muons

Track
INn the Inner
detector

+ cluster in the
EM calorimeter \

\\\
+ hits in the ———" <

muon systems

. Electron Muon
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Standard Model Leptons

W—ouv Charge  WyY/Zy WW Single
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ATLAS results shown at Moriond covered
a lot of territory with electrons and muons
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Electron Identification

Back layer
0 Electron: Track + Cluster
]/\J . Shower shape variables
. provide discrimination
44 \
4/\/\/V For example, in the
/N/\/ WA middle layer:

(ANFA

f _ 3x7
A R’?—7><7

N‘wr’ Middle
=0.0245 layer  |n the front layer:
E2nd o Emin(EanaElst) — AES

Front layer
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SM Z analysis
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MIC Electron Efficiency
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Energy Resolution for EM
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Highest ET Electrons




Muon Systems
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e
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25m

Tile calorimeters

LAr hadronic end-cap and
\ forward calorimeters

\ LAr electromagnetic calorimeters

Muon chambers Solenoid magnet } Transition radiation tracker

Semiconductor fracker
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High pT Muons

BEE chambers

EE regi muid
f ( t’;:eusi"r(t)ar;tly
mos T
/ missing) n>3
/ —Nn==3
BO E f Barrel/endcap transition -
Feet region —_—N==
leta|~0 gap =
] Barrel toroids v
BNV b
0z 4 5
Phi
g B
[
! Three station muons have better

resolution, less acceptance

K. Copic 20



Tighter cuts for searches

All single muon
events that pass
our three-station
selection

Muons / GeV

All backgrounds
from MC

107 ST

W s 0 zagy o For high-pT
searches with 2010

data, use 3-station
ettt L e MuonNs

40 SO 60 7080 1

Data/ MC
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Highest pIT Muons

oY C (X

% 2R R AR |57
5 =R ENT

/68 GeV Invariant Mass

)] 8

Run Number: 166198
Event Number: 17169487
Date: 201(\)\-10\-04&;20[20:19 CET

Cells: Tiles, EMC
N N

K. Copic 22



/' Event Selection

Two electrons Two muons
pT > 25 GeV pT > 25 GeV
leta| < 2.47 leta| < 2.4




/' Event Selection

Two electrons Two muons
pT > 25 GeV pT > 25 GeV
leta| < 2.47 leta| < 2.4

opposite charge
track isolation




/' Event Selection

Two electrons Two muons te charg
OopposIte Charge
pT > 25 GeV pT > 25 GeV | |
5 4 track isolation
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Electron backgrounds

Estimate QCD > —— -
background from 8 1 j?F ATLAS Preliminary
N \ .
data & extrapolate § _ | Jrat=a9p0
Lﬁ 10 \'s=7TeV

Use three different 102
methods with .
different samples:  1°

—&— Inverted identification +
—O— Matrix
—A— Isolation fit

1 0-4 Power Law Fit
* Inverted 1D e
* Matrix 10°e
 |solation Fit 102
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Muon backgrounds

L() 5 _I ||||||||||| | | L | | | |||||||| | L | | L | 1 II_
o 107 E =
o s ATLAS Prellmlnary e Data2010 3
Z) 10* :— -1 Z/.Y* _:
®) = fL dt =42 pb Diboson 3
< E B .
el

10° = E

—h
llllll| [

lllll llllllllllllllllllllllllllllllllllll
0O 0.1 02 03 04 05 06 07 08 09 1

> ptTrk/pi
QCD background: estimate from data & MC
Cosmics: estimate from data, negligible
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The Results

N E ' I I =
c = . 5 @ = ] E
2 ok ATLAS Preliminary o Daa2oto 3 & | ATLAS Preliminary o Data2010
- - § W = Oz =
3l Ldt=39pb” —acp _I - _ g CDiboson -
107 Eleoson = 10°E Ldt=42pb = ]
- _ W-+Jets - = =
10° o Ns=7TeV Bl i — ol \s=7TeV EW(-:I-EJ)etS -
S [(JZ(750 GeV) = 10 g o) 3
10 =2 om0 e gzgggo ge\)/) -
: (]2 (1250 GeV) 3 10 [1Z/(1250 GeV) =
1 E 1 E
-1 ] -
10 10 -
102 = - B
80 100 200 300 000 e e 1,
80 100 200 300 1000 2000
Electron Channel Me. [GeV] Muon Channel M. [GeV]

Nz Az
NzAz

Normalize to Z Peak o B(Z') = 0B(Z)

p-values of 5% for electrons, 22% for muons
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Systematics for Z’

Source dielectrons dimuons
7' signal background Z’ signal background

Normalization 5% 5% 5% 5%
PDFs 6% 6% 6% 6%
QCD K-factor 3% 3% 3% 3%
Weak K-factor NA 4.5% NA 4.5%
Efficiency . . 3% 3%
Resolution . - 3% 3%
Total 9.4% 9.5% 9.4% 10.4%

Only mass-dependent systematics matter
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Limits on Models

E‘Q_ 10:I | | T | | | | | | | | | | | | | | | | | | | I I | I I I |: Té- 10:I T I T I I I I I | I I I | I I I | I I I | I I I | I I I |:
o T f Ldt=39pb"  --- Expectedlimit | [ f Ldt=42pb’  --- Expected limit -
© - Expected+ 10 o) - Expected+ 10
- \F§=7TeV Expected= 26 B V8 =7TeV Expected+ 20 |
I Z —ee — Z = up n
— Observed limit - — Observed limit 7
= oo\ ; == Z'ssm
1= — 2, E 1 —Z, =
- —Zy - - —Z .
107 - E 107 E
- ATLAS Preliminary ] - ATLAS Preliminary .
_I | | | | | | | | | | | | | | | | | | | | | | | | | | | |_ — |
00 02 04 06 08 10 12 14 16 00 02 0z 06 08 70 12 14 is
M [TeV] M [TeV]
Observed limit Expected limit
mass [TeV]| oB [pb]|mass [TeV]| oB [pb]
ZéSM —eTe” 0.957 0.155 0.964 0.148
ZéSM — u+u_ 0.834 0.297 0.895 0.206
i gy e
Zgay — £ 1.048 0.094 1.084 0.082

Use binned likelihood fit to set limits on SSM Z’
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Combine Results

10 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |_

fL dt ~ 40 pb'1 --- Expected limit
Expected + 1o

\'s =7 TeV
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7 = |l P

— Observed limit
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— Z’X

...
Sw
-
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™~ mom
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ATLAS Preliminary

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
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Model 7L 2w 2. 2f 2 2

L e 7] X

Also place limits on "EG” 2’ Mass Timit [Tev]|0.738 0.763 0.771 0.842 0.871 0.900
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2011 Z' Challenges

For Z’, increase acceptance for electrons and muons

* As we validate more regions of the detector with
data, include them

e | oosen requirements on the second lepton
More model independent presentation?

* How many/which models should we explicitly
place limits on? What else is useful?
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Mlissing Transverse Energy

Neutrinos

Lightest Stable
Particles in new
models”?

Dark Matter?

Anything that
could escape
detection




W’ Electron Channel

s Choose events with one isolated electron
with pT > 25 GeV, MET > 25 GeV

g oF T amas | enman

Largest & .. woo B
o™ ] = '(15 .

backgrounds: 12_ . NemTTeV fﬁ‘ 0
g — Z —§

W.’ ttbar, 10°f 1 Bomsn
diboson o oo
- T =

events, and 1= 0 e
QCD 107 | =
1025 .13

10

p_[GeV]
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W’ Muon Channel

For this first data, make very strong quality cuts
oh the muons to ensure a well-measured pT

¥ Require 3 muon stations, |n| < 1.05
.‘\ \
f 2 10°F T T
2 G = ATLAS e Data 2010
a g 0k | Cywison
= = W’ — uv [JW’(1000)
» 104 %, \s=7TeV ] W(1500)
. = - fLdt=36pb"  Cw
3 103 = -.-‘-0-\ [z
\ = hd B ttoar
‘>, / 102 = %‘H Diboson
’ .}: 2 E QCD
X . 1 E'_
PN 107
\ | \ 1 O 2L
\/, \ 10° 10°
. p_[GeV]
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Missing Transverse Energy

L) 1 06 — | T T T T I R E— 1 06 — ™ T T T T T T 1

5 - ATLAS &]Data 2010 j = ATLAS IE}Data 2(;10 j
> 5 W’(500) 5 W’(500
10° , = 10° : =
! B W' —ev [Jw(1000) = S W= uv CJw(1000) =
10* & Ns=7TeV w5000 - 104t \s=7TeV [(Jw(1500) —
.F fLdt=36pb" w 5 . fLdt=36pb" w 5
10°E Bz = 10° 0z =
- B tibar 3 = B tibar -
10°E Diboson = 10°E Diboson =
= QCD = = QCD -
10 = 10 =
e 1 1F E
10-1 %_ —‘_% 10-1 %_ j—:EEE
10-2 B | | ] [ T N 10-2 B I I I I Lo | ] ] ]
10? 10° 10° 10°
Emiss [GeV] EmISS [Gev]
T T

Tails of the MET distribution are also well-behaved

No hints of physics beyond the Standard Model here
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Looking for Signal

106§|_|||| T T T T T T —

£ q10°E T T | S = = @ Data2010 3
S = ATLAS o Data 2010 3 5[0 ATLAS [(JwW(s00)
I 10°¢ Oweooy 1075 W’ — uv CJwooo) =
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104 E \s=7TeV Cwso o 10°E 5=7TeV 1 LIw1s00) =
: A - = [Ldt=36pb w =
e fLdt=36pb W 3 10° = ]
10 = I:IZ = =
= = B ttoar
102 _ .t[t)bsr __ 10° 8 Diboson =
E 1IDOSON : E QCD
10 ] 10E
- 4~ T‘]':: ! 1L
1 = T~ = =
10-1 i L:I _; 10_1 §_
-2 I I | I I I : I I I | i E 10'2 _| | | | | | | | | |
10 102 10° 10° 10°
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Look in the tails of the Transverse Mass distribution

Observing no signal, set limits combining the two
channels: W’ > 1.49 TeV at 95% confidence level

Electron channel: 1.36 TeV Muon channel: 1.29 TeV
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Photons at ATLAS

Electromagnetic
Calorimeter

Transition
Radiation

Tracking Tracker
Pixel/SCT

detector

Solenoid magnet R
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No track + EM
calorimeter
deposit

Also look for
nhotons which
nave converted
Into e+e- pairs
using the
trackers




ldentifying photons

32 GeV photon 21 GeV m°

=

Longitudinal segmentation of the ATLAS EM
calorimeter can provide good discrimination
between photons and m°
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Diphoton Search

Events / 5 GeV

10"

10

K. Copic

[ T T T T T gee® T TTTT

— Estimated bkg

-1
f L dt =36 pb Bkg extrapolation syst uncertainty

1o bkg uncertainty band (stat+syst)

¥ eData\s=7TeV _
; 20 bkg uncertainty band (stat+syst)

.. k/Mp=0.08 ~k/M,=0.05 - k/M,=0.11
MC GSSO GeV Gl700 GeV Gl1000 GeV

Randall-Sundrum Graviton

ATLAS Preliminary
I I

| *
] ] ] ] ] ] ] ] ] ]

] | ] ] ] s 1 | ]
400 600 800 1000 1200

p-value - 9%

Search for
resonances in
the diphoton
spectrum

2 photons
ET > 25 GeV



Carving out space
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Additional Resonances

Looking towards the

P,(n) = 18 GeV
future: s =zmaw CATLAS
{87 7) = 8 oV .LEXPERIMENT
First Z to tau tau 7
reSUItS are Out fT Candidate in 7 TeY Collusuons
Top Resonance ke \
searches ongoing, 24 ¢
results soon | -
SM Diboson results & 4/

3-prong hadronic //

out, searches with
dibosons in 2011-12
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LHC Era for Exotics

Mass limits (95% C.L.) [TeV]:

Tevatron ATLAS Tevatron ATLAS
Excited quarks (q*) 0.87 Z' SSM (e+p)
QBHs - E6 Z'y (e+y)
Dijets :
Axigluons 1.25 E6 Z'y (e+p)

Contact Int. Aqqqq 2.9 Dl E6 Z'y (e+))

Lepton
+MET

W' SSM (e+) 1.100 E6 Z'y (e+y)
E6 Z'| (e+y)

E6 Z's (e+y)

4" gen quark Qus 0.356
VIS 1 genLQ (B=1.0)  0.299
2" gen LQ (B=1.0) 0.316

* world's best limit

With a small amount of data, get close and in
some cases surpass Tevatron limits

Y RS Graviton
Yead\V =2 UED (1/R)
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Fourth Generation Search

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

10 5 B Bl single top

[l diboson [JZ - ee 3
[Jz-un  [JFakes =
Bz [Q.M=250GeV

lllllllll
—

NEvts

6; e Data 3

|

f

0(; 100 200 300 400 500 600 700 800 900
M iinear [GEV]

* Look for dilepton channel signature

e Construct collinear mass
e NO excess observed, set a lower limit of

m > 270 GeV
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'’ MC & cross-sections

Monte Carlo:
» Release 16
» SSM Z', Ziy*—ll, PYTHIA, MRST2007 LO*
» WH+jets: Alpgen i

- Jimmy 4.31 + Herwig 6.510
» ttbar: MC@NLO, CTEQ6.6

-

Cross sections:
» SSM Z'—ll and Z/y*—Il @ NNLO using PHOZPR + MSTW2008 PDF

» For Z/y* background, higher order EW k-factor using HORACE
» W+jets: NNLO
» Diboson: NLO
» ttbar: near-NNLO (L.M.U., PRD80, 2009)
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Z’: Eta distributions

T - T T T T T T T T T T T T T T T T T T T T T ul I
2 7002_ ATLAS Preliminary e Data 2010 1 2 700:— A LAS Prehmmary e Data 2010 —
e - CJZn ] & m Czi* -
S a0 [Lat=oopp’ Soo 4 3 oo fLamew -
i £oob. N8 =7 TeV E 5000 \'s =7 TeV 4 t =
400" E 400 E
= - - ¢ A E
200;— _; 200:— ¢ ;‘ —
100 E 100 E
- e e - | | L | . ]
3 1 0 1 3 3 2 1 0 1 2 3
M N
Electron Muon
Channel Channel
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Isolation Fit

0.22F T T
S 1 I S——— Reverse ID cuts to obtain
0.16+ -
085 background template
0.12
0.1}
0.08} . . . .
Fit Isolation in bins of
0.04}
S N, .. R invariant mass
10 20 30 40 50
Etconed0 Corrected [GeV]
2 g5p AT T[T g T
g o e o L :
W 30F 40 < E; < 60 GeV T 40 < E. < 60 GeV -
g %) 110 < M,. < 130 GeV 40— 110 <M,, < 130 GeV =
251 I Fit Results for full range: - Fit Results for full range: .
- N(sig) = 48.4 + 6.7 o N(sig) = 87.5 + 9.4 E
20‘ N(bg) = 2.6 + 2.4 - I N(bg) = 4.4 + 3.5 -
15 E A
= - 201 : -
- Leading : Subleading -
= 10F ~ ks
5[ : “Tii_ !
i 10 15 20 25 30 0o =50 15° 20 25 30
Etcone40 corrected [GeV] Etcone40 corrected [GeV]
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Defining Fside

layer

K. Copic

Back

Front layer

L
Y
NP Middle side — g EMcluster

> layer

—

AN = 0,025 ?

Fside = the fraction of
energy outside three
central strips but within

seven strips

7 I
Zi:3 Ecell

¢ = 0.0245
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“Inverted ID”

> R T i [P CRE I RN S TR N SR TR N S PR
8 ATLAS for Approval o pata 2010
o Oz .
s \s =7 TeV
/2]
g ee: 39 pb Ooboson -~ 2 electrons pass loose,
< - [ : :
3 10 Ewisets fall medium ID cuts
10 [ Jaco
‘ |
10" 0 P PR 525 . L EVE: ] R PR 3 LS [ B [
L0 e § 10°} « Data 2010
102 l'._ i E 3 Ozx*
e 10°E Vs =7 TeV Jaco
0 20 40 60 80 100 40 pb” CJDiboson
Corrected Calorimeter Isolation [GeV] 10 Bﬁw s
. -
g 108 o ;IATLASI Prellimilnalryl I&I]ézt*azmo ?P~r :
10° det=39 pb-1 ggiggson :
S= e -V_V+Jets " 10'1 :
10? | No=T TRV 5%’(750G6V) Flt u n d e r

[JZ’(1000 GeV)

the Z peak ')

3 :
i 10% 20 40 60 80 100 120 140 160 180 200

DI e 1000 2000 Missing transverse energy [GeV]
Mg [GEV]
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Matrix Method

Estimate number of events with
one or two “fake” electrons

NtT id rf I \(Nrr)
Nrpl=| 2r(l-r) J e r—2r 216 — 1) NRF
NiL (L=nl=r) (L=fNL=r) €= 1=))\NrF

Loose Tight
ISEM requirement | robust loose robust medium+ B-layer

- input:
efficiency r (Tight/Loose), fake rate f (from antitag cuts and same sign)
N ,N_,N
1T LL

TL?

- estimate for QCD+ W+jets+ttbar background: N__+ N__
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ID as a function of pT

R, [n:0.00-0.80]
pt: 0.0-28.0 GeV

Enren 293
Mear 0.565
RAVS 0.014
x' Inc 710083 ) 87
Pao 0830
Sgma 00113 00002
Corstart 1308740+ 30358

Mear 09582+ 00000

R, [n:0.000.80]
pt: 28.0-30.0 GeV

Emies 678
Mean 0958
RS 0012
x' Inat 877004197
Precs 0.7391
Sera 0.0905 .« 0.0002
Corstant 1206150 « 37927
Misan 0.9504 » 0.0003

R, [%:0.0040.80)
pt: 30.0-32.8 GeV

Ertrun 2847
Meas 0553
NS 0012
x' It 487190/ 87
Pt 09503
Sgma 0,007 « 00001
Constant  219.5350 « 53088
Mens 0.5595 » 0.0002

R, [ n:0.00-0.80)
pt: 32.8-34.5 GeV

Etes 2056
Vhar 0658
AMS 0.01
Pl aneie
Pt 1.0000
Sgm 00082+ 00502
Corgtt 1688078 47900
Mesar 08556 00002

R. [n:0.00-0.80]
pt: 34.5-36.4 GeV

Ermes 2237
Mian 0050
) 0011
x!Ina 40.5683 197
Pret 10000
Soma 0.0083 + 0.0001
Corstint 1970478+ 53096
Nusan 09008 » 00002

R, [%:0.00-0.80)
pt: 36.4-38.1 GeV

Ertros 2905
Mess 0959
NS 0010
It 20,0087 1 07
[ 1.0000
Soma 0.0085 « 0.0002
Conslart 1858185+ 52780
Men 0.5007 » 0.0002

R, [ n:0.00-0.80 )
pt: 38.1-40.0 GeV

R, [n:0.00-0.80]
pt: 40.0-42.6 GeV

Adand

R, [v:0.00-0.80)
pt: 42.6-48.4 GeV

Enteen 288 Ermries 1851 Ertrun 1850
Meer 0.55% Nean 0980 Mear 08
S <R L] Vs 00% s Q009
x' 1ot 20 4004 1 57 %' Ind 749000197 1 y' Int “wsTerw
Pt 1.0000 Preb 0.5590 Pt 1.0000
Som 00080 » 00001 Sora 00082 » 0.0002 Soma 00073+ 00001
Congtt 2049217 S54 Corstant 1702025« 52279 1 Congtant 1002508 » 57083
Vmar 09000 00002 Nean 09810+ 00002 1 Men- 0.50% » 0.0002
R, [n:0.00-0.80) R, [n:0.00-0.80) 1 R, [v:0.00-080)

pt: 48.4-60.0 GeV

EAtten ™~
Muar: 0.901
e 0.008
x"Inct 250485 /97
Po 1.0%00
Sgma 00067 = 0,02
Consaart SL5%0e x 30908
Mewr 09820+ 00000

pt: 60.0-80.0 GeV

Entnes a2
Mean 0.062
RMS 0.009
' 1 ndt 272017197
Prob 1.0000

Sgrma 00071 = 0.0006
Constant 8.73742 1.3120
Mean 09529 = 0.0008

et

Adandh

pt: above 80.0 GeV

Erares 19
Mesan 0568
RAMS 0.006
%" Iodl 9.6387 /97
Prob 1.0000

Sgma  0.0048 = 0.0000
Constant  3.0065 = 0.8804
Moan 0.9656 = 0.0012
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Placing Limits

Use the Bayesian Analysis Toolkit

* For each of k bins, there are j signhal and
background templates (T)

* [reat systematics as nuisance
parameters (0) with Gaussian priors (G)

Nb N'NL — s 5
L(N;,6idata) = | | ey l_[ G(6;,0,1) ,where Ny = Z N,T (1 + Oi€;ix)
k=1

Nbg - NZ g NWW + NQCD + NW+ jets
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Z’ Electron Channel

M+t |GeV] 70-110 110-130 130-150 150-170 170-200
Al 84985+ 7.9 1049 =33 368 +13 194 £ 0.7 14.7 = 0.6
tt 82+ (0.8 2.8 03 2.1 =02 A{T=E02 A3 = 0.2
Diboson 121 == O 102 M =x=02 OVox2 Uax 0.1
W + jets g+ L8 gur-= 12 1L2=x=08 1dxla 12 04
QCD a2.1 = il 34118 9a=x08 J2=x06 28x= 0.8
Total 8507.0 1+ 108 1209 x40 464 x16 262111 208 = 1.1
Data 8557 131 49 20 18
Me+o— [GEV] 200-240 240-300  300-400 400-800 800-2000
Z[y" 95+ 04 6.0 =03 3J2=x01 1o6x01 1= 0.0
tt 12 0.1 09 =01 0Qo=x00 02=x=x00 00=x 00
Diboson 044+ 0.1 U= 02=x04 V1=l U= 0.0
W + jets 1.1+ 04 U3 =00. 02=x01 0VZ=x01 V0= 0.0
QCD ! o i 13200 N8=x04 VOH=Ex02 Nil= 0.1
Total 4.1 = 140 SN Aas=xlbd 20=Ehad V2= Ul
Data 13 9 3 3 0
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Z’ Muon Channel

m,+,- |GeV] 70-110 110-130 130-150 150-170 170-200
Z/v" o407 = 1. 98431 334 11 Y2086 128 = Ob
tt 60 = 0.6 243 Ly 02 1201 123 D1
Diboson 10.0 £ 0.5 08+01 0600 0500 04+ 0.0
W + jets 0.3 =2 0.2 0000 0000 00x00 0.0x 0.0
QCD 0.1 = 0.0 0000 00=x=00 0000 0.0=x 0.0
Total 0630 £ 7.2 101.6 £3.1 3671 1.2 189 0.7 144 = 0.5
Data 7563 101 41 1 11
m,+,- [GeV] 200-240 240-300 300-400 400-800 800-2000
Z/y" =03 plEZ 226=20.1. 1301 0.1=x 01
tt | B 8 Jo ky==01 04100 D100 0031 00
Diboson 0.3 = 0.0 02+00 02=+=00 0100 0.0 0.0
W + jets 0.0 = 0.0 00+00 0000 0000 0.0 0.0
QCD 0.0 = 0.0 0000 0000 O00x00 0.0x 0.0
Total 9.1 +0.4 6D =02 30=0.1 1.6=x01 01=x 00
Data 7 6 2 1 0
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W and Z selection

A
" W-lv
= Pt>20GeV, |n|<2.5 (2.4 for ) g \
= Etmiss>25GeV T LIS B
* Track isolation for u channel | :
* Transverse mass>40GeV ’[
/ (a)
y
3 _
A
= Z-li i
= Pt>20GeV, [n|<2.5 (2.4 for w) YARANS \
= Opposite charge }./' a3
= Track isolation for u channel \7@ /" "
= 66 <M,< 106GeV \_ '/
r
| (b)
y
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Z' Sensitivity Study for 7 TeV

5 [ \s=7TeV |
=
7 10%1-
=
§ ATLAS CONF note
available with W’
and Z’ prospects
'— ee (50)
3 o Z'—pu(50)
102 Z’— ee (10 events) |
m— - Z-py (10 events) ;

1000 1100 1200 1300 1400 1500
M(Z’) [GeV]
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Muon Tag & Probe

3 1.05— ' I l - l - I l ] 4 3 _I T 1]] T1II T T1II T T1II T T1II T I'T]I T I'T]I T TT]I T I'T]I T l'_
= = . c [ -
E H o) s G o o .

S = 3 S TEsattorve olptasenste ePeteratyey o138 "m !
s : 5 : X ¢ y

) B 3] i

e : - 0.9 -
0.95[ S = B g
- : 0.8 - 2|
0.9 - B data -
: ] - — MC :
0.85[ : 0'7: 1
- — data 2 B , 1
0.8 — 0.6_— $ —
- — MC . ; + 3
[ s e o R e S G | SRS e e [ e o] e et VA R U P R R R ot R e DRrTl e Td o

0753040 50 60 70 80 90 100 0.5 315 05 0 05 1 15 2
muon p_ (GeV) muon n
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FEWZ / Pythia

0.95

0.9

0.85

Mass-dependent k-factors

FEWZ: NNLO with MSTW2008NNLO
Pythia: LO with MRST2007 LO*

| \ .
500 1000 1500

M (GeV)

K. Copic

2000

EWK

Z: muon: EW loop + initial y

PDF correction (factor) |

o 1.05

1

K fact

0.95

0.9

0.85

0.8

0.75

0.7

|

T I Y T T L

L aaaliasdd

ti -0-* -
. =
= e - R
3 —te
- ]
- 1 | PR R S — | ]
500 1000 1500 2000 2500 3000
M [GeV]
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Z’: Electron ET

> EI I L L | rrr | L | L | rrr | L | L | rr — > T T 1T T T T | T T | ' T TT1 | T T T1 | T T T1 | T T T1 | T T T1 | T IE
) — .. 3 3
S gL ATLAS Preliminary ~ e Data2010 § (¢ ATLAS Preliminary e Data2010 -
o 10°E oz = 2 10 -z =
~ - = K Qe i =z g 0Jaco .
s 10° f L dt=39 pb Opiboson 2 & 10° f L dt =39 pb CIDiboson
g o :_ \s =7 TeV =:/fV+Jets _f g ) \s =7 TeV =:/fV+Jets _E
o U Oz@socev) 5 g 10 C12/(750 GeV) =
L] = []Z’(1000 GeV) i []Z/(1000 GeV)-
10¢ [1Z'(1250 GeV)= 10 [1Z'(1250 GeV)3
) S
10 = 10 E
1072 E“ 102 -
o I W - I e . L1

50 100 150 200 250 300 350 400 450 50 50 100 150 200 250 300 350 400 450 500

Leading Electron ET [GeV]

Leading
Electron
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Subleading Electron ET [GeV]

Subleading
Electron
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[1Z/(750 GeV)
[1Z’(1000 GeV
[1Z(1250 GeV)

E 104;— | ATllAS Fl’relimlinaryI . I:;ata 20|10 —;
= - Dzy s
5 10 f Ldt=42pp” Qoo
é 102 \s=7TeV Syl ets -

.

50 100 150 200 250 300 350 400 450 500
Leading Muon P, [GeV]

Leading
Muon

Muons / 10 GeV

ATLAS Preliminary e Data 2010
OZn*

_ -1 [C1Diboson
f L dt = 42 pb =5

_ [ W+Jets
\s=7TeV Saco

[]Z/(750 GeV)
1Z'(1000 GeV)_
[J]Z/(1250 GeV) =

TI IIIIIII| IIIIIIII| IIIIIIII| I

Ll

50 100 150 200 250 300 350 400 450 B00
Subleading Muon P, [GeV]

Subleading
Muon

K. Copic
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Z’ Models

e Limits set with SM couplings (SSM) and in E6 Model (GUT inspired)

1 O I I I I I I I I I | I I I | I I I | I I I | I I I | I I I

fL dt ~ 40 pb'1 --- Expected limit
Expected + 1o
Expected + 20

« E6 — SO(10) x U(1),, £
— SU(5) x U(1), x U(1)y  °

— Observed limit
— Z,SSM

* Mass eigenstate: 1
L'(0)=2",cos 0 + Z’./sin 0

x
I IIIIIII|

* 0: Mixing angle, determines 10"
the coupling

~ao

S a

-

-

- -
.
----------

-------------------

ATLAS Preliminary

1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 | 1 1 1 |
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
]

o
o

e Couplings for Pythia from
Fermilab-fn-0773-E (July 2005)
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W’ Isolation

> EI L DL L T L IE 5 106 L L UL L L rrrrp T 'E
G 107 ATLAS Electrons ® Data20i0 o S ATLAS Muons ® Data2010 -
2 L s =7 TeV w3 g 10 \s=7TeV aco g
2 TE [Ldt=36pb" g 2 & fLdt=36pb™ "
10° = W =
= 0-0-9- = 3
10% %_ ‘_o-’ Mﬁe+f., T —é. 108 ’“"W
10° ;E £ 000-&. "'!E 102 _f
102 - o - %
> = 10 =
108 = -
1 . 1 =
1075 0 5 10 15 20 25 30 10
) 0 005 01 015 02 025 03 035 0.4
3 Ecell trk w
! 2 Py /pT
Calorimeter Isolation: Track Isolation:
Electron channel Muon channel
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K. Copic

Events / GeV

W’ backgrounds

] =
10° —e— Inverted identification 3
102 ;.;45 —»— |solation templates =
10 - —=— Three control regions ]
1 —— Matrix -
107
107
10° - =
4E ATLAS Preliminary =
10
W’ — ev
10°= \s=7TeV
106k 36 pb”
10-7 R l ' . : 11
10° 10°

m; [GeV]

Multiple data-driven methods used for QCD
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oB [pb]

10

Limits for W’

- --e-- NNLO theory —
- —e— Observed limit -
N e Expected limit
N Expected + 10 .
B Expected + 20
= ATLAS Preliminary
. W —ev
- \s=7TeV, 36 pb’
| | | | | | | | | | | | | | |
500 1000 1500
m,,. [GeV]
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oB [pb]

10

--e-- NNLO theory
—eo— Observed limit
Expected limit
Expected =+ 1o
Expected + 20

s
~
~
~
~
~
~
~
~
~
~
~
~
~
~ -
-
-

ATLAS Preliminary
W’ — uv
\s=7TeV, 36 pb’

2/l

500 1000



Limits for W’

10

oB [pb]

107

107

——

o)
— o
- ATLAS Preliminary m 19
- 5
. W —ev
- \'s=7TeV, 36 pb™
| | | | | | |
500 100¢ :
10"
10

NNLO theory
Observed limit
Expected limit
Expected + 1o
Expected + 20

oB [pb]

10

~.~
~

-~
-~
~
-------

--o-- NNLO theory
—eo— Observed limit
Expected limit
Expected =+ 1o
Expected + 20

ATLAS Preliminary
W’ — v
\s=7TeV, 36 pb"

NNLO theory

—e— Observed limit

Expected limit
Expected + 10
Expected + 20

2/ il

1 | 1
500 1000

K. Copic
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W* and Z* Models

We will consider new spin-1 bosons with

the internal quantum numbers identical to e (W)
the Standard Model Higgs doublet, transforming &S i
under fundamental representation of SU(2), and \ H"’ P . e

solving the Hierarchy Problem.

M. V. Chizhov, V. A. Bednyakov, and J. A. Budagov,
Physics of Atomic Nuclei 71, 2096 (2008), ISSN 1063-
T788.

M. V. Chizhov and G. Dvali (2009), 0908.0924v1.

M. V. Chizhov, V. A. Bednyakov, and J. A. Budagov,
Nuovo Cimento C33, 343 (2010).

Observed limit Expected limit
mass [TeV| oB [pb]|mass [TeV] ¢B [pb]
T eter 1.058 0.149 1.062 0.143
Z* > uTpT|  0.946 0.265 0.995 0.199
7" g 1.152 0.089 1.185 0.080
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Dijet Models & MC

Resonance search cuts: Angular analysis cuts:
p‘ZI} > 150 GeV Pt > 60 GeV
pr2 > 30 GeV

y*| < 1.70 |y1,2] < 2.8
lyg| < 1.10

Yy —>Y—Yp =Y — tanh_l(,BB)

7| < 2.5and |An;;| <1.3

Fully simulated Pythia g*, RS Graviton, contact interaction + QCD samples
Pythia QCD for angular analyses (plus k factor from NLOJet++)
Randall-Meade low multiplicity quantum black holes from Blackmax+Pythia

— Fully simulated for six extra dimensions

Axigluons from CalcHEP+Pythia

K. Copic 67



Going beyond resonances

'8) : = 1 | . =, . 520<m <800 GeV
Use a ngu lar —>0.35¢] .g ;c:(;/lss p;T'\VS)_Z ge:;) A 800<m, <1200 GeV (+0.04) ]
. . ] = e p =¥ 1Y) +T. 1200<m <1600 GeV (+0.08)-
information: - S 1600<m <2000 GeV (+0.12)
. ’—% 0.3 o m >2000 GeV (+0.18) ]
Define X and = e —— QCD Prediction
. 1\— O 25” S ' Theoretical Uncertainties
Se pa rate I ntO mJJ ~ U. - * _______ * Totaliystcmatlcs 3
bins G2k 1 o ¢ ¢ ]
- r :
B B L5 oy - — Rl S xS
: . _
d_" -. .-New Physics OrAL ATk kA ]
‘\\A 005 - ——o—0—0—0—0—0 00—
QCD ot - ATLAS Preliminary -
1 10
— Jlyi—y2| ly -y |
X = € = e 12
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Looking for Substructure

Gain more
. . A=O_45l:l T 1 | 1T T 1 T T 1 | 1T T 1 :
information fromthe g :
ratiO' T 0'4:_ det=36 pb ' \'s=7 TeV E
- 0 35:_ —— QCD Prediction _:
N % ).6 ' - [ ] Theoretical uncertainties -
F : o 'C?-»'(‘-’«'T'llts( Y = 0. ) 0.3 [ ] Total Systematics ]
X(rn’jj) o N o L - A=5TeV N
2 (:Ue'n.ts( U = 17) 0 25:_ data E
1 : :
0.15F =
v New Physics 0.1E L e
> o “‘ _____ 5-:?4'1-*1-3--.-71.- B "ILI-I_.- l | =
N e 0.05F Ty T -
........ - ATLAS | -
= E | | I |4
\QCD 800 1000 1500 2000 2500 3000 3%00
n m; [GeV]
dijet mass
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Dijet resonance limits

3' L | .
= f ——— 4" MC09 1 Place limits on several
<>E 10 = q* Perugia0 = .
o SO q* MC09’ - models:
10° ) gt()MRSTd)gs/ CL imit=
SR serve % upper limit 3 . ]
- \\ ---------------------- Expected 95% CL upper limit - EXC|ted quark, q*.
1025_ \\ 68% and 95% banlds. _ 215 TeV
- ) RN ATLAS Preliminary =
o Jrar=36pb" 1 Axigluon (chiral color):
S 2. 1 2.10 TeV
15_ """""""""" E
S - Randall-Meade
10" L . .. 3 Quantum Black Holes:
1000 2000 3000 3 67 TeV

Resonance Mass [GeV]
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Quantum Black Holes

O ~ ] | T | T
-2-' 8 _ T(s=7 TeV """ Expected Limi |
T 1 0% f LAL=SOPDINSITY MeF;SL}red Lim:t E
< :
x . n=2 |
% s _ " _
o 10F —n= E
i n=6 i
o ceein=7 _
16 —
: I
T NG
= ATLAS Preliminary ‘e 1
C oo b b N .

2000 2500 3000 3500 4000
Mp [GeV]

Used BlackMax to
simulate a simple
two-body decay
for a given
fundamental
qguantum gravity
scale, Mb.

n = number of
extra space time
dimensions
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Diphotons




Exotics with Photons

isolated photons with

ET > 25 GeV

One model that could 3 [afias | T
. - —e— Data 2010 (Ns =7 TeV)

prOduce dlphOtonS + g 102 ” UED 1/R = 700 GeV (x100)

MET: Universal Extra o + fa=aiw’

Dimensions i !

10

V= + G x2

+ other SM particles from

. | 1 N L e |
50 100 150 200 250 300 350 400 450 500
cascade decays £ (GeV]
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Data-driven backgrounds

= - 1 > | |
3102 = —Data2010 (\s=7TeV) § 8 obef™lg  ghua2io(s-7Tev
Ty E ~ Total background 1w $~ 6\/ e
i — JUED 1/R = 500 GeV 8 | i
8 10t 4 CIUEDIR=700Gev | & 10, det 3.1 b
2 £
= & .
W  1E +tt_ i il — 1 T%L |
- _r' — = : -
i il ' .  ATLAS ——
1L i o 10"
1 0 = s r J |
— , I
2| | 107
102E | , | :
- 0 10 20 30 40 50 75
af f Ldt=3.1pb E75 [GeV]
105
| AIReR , ~ Zero events observed

0 10 20 30 40 50 75 15;%rTniSS [Ge\6/(])0 in the MET > 75 GeV
signal region
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Best limit on UED

[pb]

Exclude

1/R < 729 GeV at
95 % CL

— 95% CL Limit

O

10°
B UED LO cross section

det =3.1pb"' Vs =7 TeV

Far surpassing
Tevatron limits of :
1/R <477 GeV ~ ATLAS

\ ——

R= compactification \

radius of the Universal L 1 AN s
. . 400 500 600 700 800

Extra Dimension 1/R [GeV]

10¢

Submitted to PRL: arXiv:1012.4272
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Detectors




Resolution Requirements

Table 1.1: General performance goals of the ATLAS detector. Note that, for high-p, muons,
the muon-spectrometer performance is independent of the inner-detector system. The units for E

and py are in GeV.

Detector component

Required resolution

7] coverage

Measurement Trigger
| Tracking 0,,/pr =0.05% pr ©1% = of S
EM calorimetry | or/E = 10%/vVE & 0.7% =32 $=2
Hadronic calorimetry (jets)
barrel and end-cap  Op/E =50%/VE& 3% +3.2 +-3.2
forward or/E=100%/vVE®10% |3.1</n/<49|3.1<n/<4.9
Muon spectrometer | Op, /pr=10% at py =1 TeV = 272 +2.4
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Good high-pT measurements

To ensure a good quality ID track, require:
Pixel hits = 1, SCT hits > 4, Pixel+SCT hits > 6

Do something similar for the
muon system:

Bending power (T'm)

Phi hits =2 1

This is important as the bending
power varies in phi as well as eta.
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ATLAS Tracking

6.2m

Qe L 00 U I, 0

2.1m

B\ Barrel semiconductor fracker
Pixel defectfors

" End-cap semiconductor tracker
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ATLAS Calorimeters

Hadronic Central&Extended Barrel

Hadronic Endcap
Cu-LAr

1.5<|n|<3.2
o _ 50%
E JE(GeV)

©3% (jets) | W | T

o 50 %

Fe Scintillator, [n|<1.7, E =~ VE(Gev) ®6%

(jets)

Electromagnetic Endcap
Pb-LAr
1.375<|n|<3.2

K. Copic

Electromagnetic Barrel [N
Pb-LAr

In|<1.4
o 10%

e © 0.7 %
E JE(GeV) =

Forward Calorimeter
Cu-LAr, W-LAr

3.1<|n|<4.9

0 .
o _100% _ o10% (ets)

E JE(GeV)
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Liquid Argon Subsystems
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Liquid Argon Subsystems

Liquid Argon Barrel
Liquid Argon EndCap
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Liquid Argon Subsystems
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Liquid Argon Subsystems

LAr and Copper
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Liquid Argon Subsystems

LAr and Copper Hadronic: /
LAr and Copper

LAr and Tungsten
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Liquid Argon Subsystems

LAr and Copper Hadronic:

LArand Copper ~ 200,000

LAr and Tungsten channels
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Liquid Argon Subsystems

azimuthal

Electromagnetic:
LAr and Lead
LAr and Copper Hadronic:

LArand Copper ~ 200,000

LAr and Tungsten channels
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Liquid Argon Subsystems

n = —In tan(6/2)

azimuthal

LAr and Copper Hadronic:

LArand Copper ~ 200,000

LAr and Tungsten channels
K. Copic 81




How Is the signhal collected?

readout electrode absorber

Particles ionize the

kapton Argon, signal is read
it out using electrodes
stainless steel “‘
glue "
lead
P

Precision required
controlling lead
thickness to ~10
microns
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Segmentation of LAr Barrel

Back layer

L] .

TR
NTHA Y
ﬁ NN Middle .
WL @ ~00: |ayer ACCO rdion s haped
\ R Lead absorbers
Front layer
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Amplitude

©
00

0.0
0.4

0.2

—-0.2 |

Signhal shape

40 MHz

100

sampling
@)
&
%
&
O/\
,o%
% e
78
o
q@
"%\
7
G’O:p.
7
ol T YT T, |
200 500 400 500 600
Time (ns)

AT
N samples

Z ai(s; — p)

1=0

A maxr —

N
N samples

Ama.:z: - At = Z -/)/‘(S-i — ]))
1=0
Use 5 samples s;
with pedestal values p

aj, bi are optimal
filtering coefficients
to improve precision

For reference: the response of the EM cal (2 mm drift gaps) to electrons results in a current
of 2-3 pA/GeV, and the drift time is about 450 ns for HV = 2 kV.
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K. Copic

40
35
30
25
20
15
10

Material before/in EM

IIIIIIFIIIIIIIIIIII

] Ls L} I Ll T L} T T Ll A I LJ T T I T T L I L) A L} r L) T L

p—
1

ClLayer 3
=l Layer 2 ~
ClLayer 1 3 rJf I

[ Betore accordion £

lxhll.ll llllllllllllllllllllllll|ll

:— _,.o-'""-l J—
= R _
- ‘—‘-F-‘_-r-v —4
= A A l L A A l A A A l A A A l a
% 02 04 06 08 1 12 14
Pseudorapidity

L] l T Ll T r L) L) ] ] T L) T ] L3 T L] I LJ T L] I L] L] T I T L) ] I T L L

'IYV"'YIVII‘V

ALl llAll l:]EiIILILJL lllllllll

CJlLayer 3
SllLayer 2
CllLayer 1 s
—IBefore accordion =

\; l A A A A A A A A A A l A l—ﬁ IIA‘I_ A A ' A ;:
16 1.8 2 22 24 26 28 3 3.
Pseudorapidity

2
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Material before/in EM

f : L} Ls L} I Ll T L} T T Ll A I LJ T T 1 T T L I L) A L r L) L) L ] : i Ll l A Ll T r L) L) T I T L) T ] L T L] I LJ T L] I L] L] T I T L) ] I T L L}
40 ClLayer 3 = 45F CiLayer 3 3
- ELayer 2 ~ - SlLayer 2 -
35k ClLayer 1 ,Jf | = 40 Sllayer 1 o 3
- LBefore accordion - _al a 1 = —IBefore accordion onnlll -
E = 30 3
25 = E [ R
- = 25§ e
200 "o - -
: = 20§ F
158 = R -
E 3 158 E
108 e~ o - _:
50 — -
g——— - 3
- J i =
- A A l L ' A A l | A A A l A I A L l » A ' l L A A |

% 0.2 0.4 0.6 0.8 1 1.2 1.4 : : : : 2.8 3 3.2

Pseudorapidity Pseudorapidity

o L] l L) L) ] L) l L} L} L} L} l L} L} Ll L] ] L] L} L LJ l Ll 1] L] L I L] L L 1

= scinti
O o arnar S End-cap acoorgion
40 ©JBefore barre| accordion = §°§°'° Sncoan accont b
[ Before barrel presampler [S)Before end-cap presampler
[J_\_, -

O - l A A ' A l A A A 'S l L 'S

1.4 1.45 1.5 1.55 1.6 165 1.7
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Material before/in EM

f : I T I I I r ] : f L) l LI ] I L L} I T L) T ] v L I L T L) I L T T I LIS ] I T L L
40 = 45 ClLayer 3 =
- -] SllLayer 2 -
[ X ClLayer 1 I =
35 - = 40 IBefore accordion  aagll -
30F - WL e :
: . 30R, i -3
25 E 3 [
- = 25§ -
20¢ = 3 -
: = 20F =
15 = E <
- - 158 .
5F — - 3
3 i g B )= PN
= 3 : it =
= A A l A A A A l A A A A l A A A A l a 0 = l A A A A A A A A A A l A l A ' l A A ' A

00 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2 22 24 26 28 3 3.2

Pseudorapidity Pseudorapidity

K. Copic

o L] l L) L) ] L) l L} L} L} L} l L} L} Ll L] ] L] L} L LJ l L] L] L] L I L] L L4 1

45" R Btore Scintilator e ap Acoorcon
[ Before barrel accordion — b gmgzcap accg o d d I
40~ g Before parrel bt () Before end-cap presampler a n a r' e e C ro n
g e
,_,—rj_,—_ “—“_‘—‘ 1 — —— T el

—_— —

photon cuts remove
this area from
consideration.

1.4 145 15 155 1.6 165 1.7
Pseudorapidity
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Linearity

e 1.006
> * Data . |
w 1.004 beam energy uncertainty uncorrelated
! | beam energy uncertainty correlated
wi 1.002
N C ‘
o
0.998
0.996
0.994 +
0.992
5% 50 100 150 200

E . [GeV]

Better than | per mill linearity across EM Barrel

Nuclear Instruments and Methods in Physics Research A 568 (2006) 601-623
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Uniformity

Overall Barrel and EMEC 0.54%

1.04
245 GeV (882 Cells) 120 GeV (2455 Cells) -
+2%
T o | I . & 1 0.35
= +1% 0.30
3 . " Sy - PR R Y "
& - ; . | B = 0.25
> 1.00 T =l J_—_'_ﬁ - A B o oy
< (] e e m - w . % 0.20
E ____________________ R e O JoR._. - g_T et _s_ 5 _ I S |
E 1% 1D
Ly o | P NERRE S S oz DSt PR
2% 0.10
All Barrel Modules 0.43% All EMEC 0.62% 0.05
0.96 | | ‘ 0
0.5 1 1.5 2
n

Better than |% uniformity across EM Barrel and Endcap

Nuclear Instruments and Methods in Physics Research A 582 (2007) 429455
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LAr Readout Chain

""" i I e R B
I Readout crate (ROC) DAQ ! network !
External triggers
5 T
o E=%a. S. CTP 3
- Y L1 =
(o] = =
=| o S T Zbi Si 3 processor +la |2
<| = “n Ne} =151%
% e g S > (9
U o TTC \\ U
< L1 —
&’ ROD interface @ calorimeter S
monitoring
32 bits 1 1
40 |VI||'S|Z TTC crate
v Calibration | Front-end board | Tower builder | S s
\\“_I_ ______ 'I___' ________ B 'I___"__T___"I_u_____—‘\
e e e e e e e e e e e - e o — — — CENDENEI [N PN B N R ’
1 1 1 . 1 \\
1 | I L ' I ] I T i
d s d
[ .
SPAC slave | | I Optical link SPAC slave : I SPAC slave I S
| q 1 q x
: ! | : ! ! 40 MHz clock
L1A reset
o : I Buffering Controller I I
S o : i i
° I ADC 4
3 | q 1 q
p I E I
© 1 — ce 1 1 Optical
8 I < °>", I I reception
q ) > - q
| Z ol I seac
I I slave
I | Controller
A i board
.0 A
5 2
() z
I N ! Mother-board
C T=90°K

Cryostat

CdJ_é | I
Electrode I I
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FEB schematic

i
. cnzaten | naped
Boad |

[\ SCA Front End Board |
pe- :
V Shaper ? 12-bit ;

I|Iem Je1soAl

Low
;\/Layer » Tower Builder (LVL1)

Sum

P} E Shaper
# i Medium DG
E VY S
= E Shaper

Optical
Link

_______________________________________________________________

Shaper is an analog RC-(CR)* filter:

- Remove long tail, [imit band-width to reduce noise
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Front End Board

d 0] q : v -~ v “.T.":::."T'

3 b ; 3l > §.l 3

— - - —— - J— — T 1) . =
{1 (A
B 3 40

‘ : .' 1 ' i = ! i ?‘ R § :‘ . 2‘ v Lol
> ™y Py r ST L M e L N S L VRS SRR L e SR
L ‘¥ il | b S i
L1 ‘ AU AL N AN L NN d( Ba 5 & = & L

- TR ——— 90



How much energy is deposited?

Mean visible energy for 245 GeV e-
GeV

! S Deposited energies = f(n) in the
e PS and in the 3 calorimeter
PS :
0.5 compartments before applying

the correction factors

Strips 7* Excellent Data / MC agreement

in all samplings

2.5
0 20 3 a0 50 / .
- / A
Middle
40 / /
y 1
4 2x4 Back Layer
/ 7~
/
30 / " / .
e i 4x4 Middle Layer
10 20 30 40 50 / s
Back / ! 4 17 32x1 Strip Layer
o* / ‘ d :
M / / /7
0.5 p /
[ > = » s ) s 4x1 Presampler
p ”
0 y > %
10 20 30 40 S0
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Sampling vs. Non-sampling

* “|lead-scintillator sandwich” calorimeter

CMS ECAL made of
80000 PbWO, crystals

- | e
K. Copic 92




K. Copic

ATLAS vs CMS - ECAL

ATLAS EM Calorimeter

CMS EM Calorimeter

Lead/LAr sampling

PbWO4

Moliere radius 10 cm

Moliere radius 2.2 cm

QOutside solenoid:
more material in front

Inside solenoid:
less material in front

Longitudinal segmentation

No long. segementation

Challenges: slow response time,
lead must be precisely machined

Challenges: temperature and
radiation sensitivity

0/E = (10.2 + 0.4)%NE @ (0.2 + 0.1)%

2 (28% YT (022N
(”,) = < , ‘> | ( | ) - (0.30%)>
L vV E L




CMS Resolution

—_—

o

s

p |
W 1.2
O .

1 S=2.8 (%) (GeV):
N=0.12 (GeV)
08 - | C=0.3 (%)

-

0.6
0.4 g e

0.2

0 50 100 150 200 250
E (GeV)

energy was measured in an array of 3 x 3 crystals with an electron impacting the central crystal. The points
correspond to events taken restricting the incident beam to a narrow (4 x 4 mm*) region. The stochastic (S), noise
(N), and constant (C) terms are given.

Figure 3: ECAL energy resolution, o(E)/E, as a function of clectron energy as measured from a beam test. The
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TABLE 8 Main parameters of the ATLAS and CMS electromagnetic calonmeters

ATLAS CMS

LLead/LLAr accordion

K. Copic

Technology
Channels

Granularity
Presampler
Strips/
Si-preshower
Main sampling

Back

Depth

Presampler (LAr)

Strips/
Si-preshower

Main sampling

Back

Noise per cluster

Intrinsic
resolution

Stochastic term a

Local constant
term b

Barrel
110,208

An
0.025 x 0.1
0.003 x 0.1

0.025 x 0.025

0.05 x 0.025

Barrel
10 mm

~4.3 X,

~16 X.:)
:7732 Xu

250 MeV
Barrel

109

0.2%

End caps
63.744

x Ag

0.025 x 0.1
0.003 x0.1to
0.006 x 0.1
0.025 x 0.025

0.05 x 0.025
lnd caps

2 x 2mm

~4.0 X,

~ 20 .\'(;.

~7 X

250 MeV
End caps

10 to 12%
0.35%

PbWO, scintillating crystals

Barrel End caps
61,200 14,648
An x Ag¢

0.017 x 0.017

Barrel

2 () an)

200 MeV

Barrel

3%

0.5%

32 x 32 Si-strips
per 4 crystals
0.018 x 0.003 to
0.088 x 0.015

End caps
3 Xo
25 Xo

600 MeV

End caps

& W
wh h
\

Note the presence of the silicon preshower detector in front of the CMS end-cap crystals, which have a variable granularity

because of their fixed geometrical size of 29 x 29 mm®. The intrinsic energy resolutions are quoted as parametrizations of
the type o (E)/E = a/vE & b. For the ATLAS EM barrel and end-cap calorimeters and for the CMS barrel crystals, the
numbers quoted are based on stand-alone test-beam measurements
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The CDF Calorimeter

o Samp“ng Calonmeter- rl:]O thectbavi-beatiadiaatfaticaadistaitioriitad]
calatint . S ‘ \
scmtl.llatlng tiles + WLS . & \
- lead/iron absorbers s * 543210
- projective tower geometry -8 7 b prmmme
o : : D BNIre AL
= Divided in Central / Wall / Plug part 1 =—_
| - Central  Plug | gl g :
EM thickness| 19 Xy, I\ | 21Xy, 1A | . il ~—tracking syster
sample(Pb)  0.6.X, 0.8 X, \‘(COT) ‘
sample(scint.) 5mm 4.5mm 21 [ s M
. 1 3.5 a0z | | | 5% P
| resolution | ° 222 & 2% | © AL ® 1% vertex detector
HAD thickness 45\ 7A m
sample(Fe)  25-50 mm 50 mm
s el -(m""“ m,ﬁ.”"“  Pseudorapidity coverage: | < 3.6
resolution| 252 @ 3% | S22 @ 4% : :
| VE | VE | « Granularity: 24(48) wedges per ring

K. Copic
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DF LIQUID ARGON CALORIMETER

END CALODSIMETER

Quter Hadronic
(Cosrso)

Midgdie Haawanic

\ -\ \ X caiomues

Cleciramagnelic

« Stable, uniform response, rad. hard, fine spatial seg
« LAr purity important
= Compensating e/x ~ 1, dense = compact

= n|<4.2(0=~2°),A,,.>72 (total)
« Energy Resolution

= e o, /E=15% WVE + 0.3% =: o,/E=45% VE + 4%

‘ <=-3 Calorimeter Overview

Drift time 430 ns l—
L
7
Ur absorber
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