' 'frJfQ_{_JJJ
_voi*
g




Lm] The Stage for this talk II
¢ Assume detectors installed
¢ Some components incomplete for pilot run
¢ ATLAS: 1/3 pixel layer, high n TRT (straw-tube tracker)
+ CMS: high n RPC, some EC u chambers, EC ECAL, pixels

+ Both: deferred high-level trigger (~ 2x reduction in LVL1 rate)
¢ (long) History of simulation studies, beam tests,

commissioning at low and (very) high rates with

¢ electronics (pulser) systems
¢ cosmic rays
¢ single beams (beam gas collisions / beam halo muons)

¢ Day 0: first collisions (2" 2 of 2007 ?)
¢ Detector shake-down, first analyses

. 2 Day 1: first thSiCS run (20087) I’m always optimistic ...
¢ pessimist: 100 pb'1 | experiment
¢ optimist: 10 fb™ | experiment

... will talk about days 0-1
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Detector Performance

b

Expected Day 0

Goals for Physics

ECAL uniformity |~ 1% ATLAS <1%
~ 4% CMS

Lepton energy 0.5—2% 0.1%

scale

HCAL uniformity 2—3% <1%

Jet energy scale <10% 1%

Tracker alignment

20—200 um in R¢

O(10 um)

15 February 2006
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@ Timeline from Day 0

¢ Complete detector calibrations

¢ Fine tracking alignment + alignment with other systems

¢ EM energy scale, muon momentum scale, hadronic energy
scale

¢ b-tagging
¢ Constant monitoring of detector conditions/problems with
data

¢ First Standard Model physics measurements

¢ Underlying event at Vs = 14 TeV: absolutely critical
¢ Demonstrate ability to measure critical Standard Model

processes, especially in regions “near” new-physics
¢ First searches for BSM physics

¢ Initially: high cross-section, low (understood) background

¢ But ready in all channels from very beginning
15 February 2006 Rob McPherson 4
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Gtot
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(Er>1 dOGeV)

-sections @

Channel |Recorded
[1 fb-1]

| Zow | Axie

#>ueX | 01x10t

Jets p;>150GeV

(if 10% bandwidth)

Min Bias ~106
(10% bandwidth) (can be larger)
(M“'1 TeV) m



Sl .
@ Tracker alignment

¢ Will have already started with hardware systems, cosmic ray muons, etc.

¢ Large min-bias samples can be used for inner detectors
¢ Also need muons for alignment of muon system
¢ Also provided low multiple scattering samples for inner trackers

¢ Global y? techniques will be used eventually, but simpler local overlap
methods will probably provide initial alignment

¢ Eg: Overlap residual = inner hit residual — outer hit residual

¢ Can achieve desired

statistical precision with

relatively small data samples

— .-~ will take longer

¢ Dead material understanding

¢ Will clearly be a goal of the

first 10’s of pb-

¢ Critical to have tools in place

Mean of A—-B=0 ahead of time ...
Epruary 2006 Rob McPherson
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@] ECAL uniformity: min bias

¢ Can also use minimum bias events for early ECAL uniformity
calibrations (before large Z — ee statistics available)

¢ Eg of CMS study with a few days of data-taking at 1033 cm-2s-1

» Pracision with 18 million events

= Limit on precision

¢ Quickly approach the
1% level in barrel

| =
o
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T
[a b}
o
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m
i
m
o
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= Z . ely scal oo
— ee, uu : e/u scales
¢ Z —> U : clean calibration channel for leptons

¢ High rate (eg, 0.5 - 1 Hz @1033cm-2s-1, depending on trigger)

¢ Nearly uniform n/¢ coverage

¢ Absolute mass scale near M
¢ Z — Uy will also be used for photon scale

¢ Z — ee : example of a simple method
¢ Split calorimeter in 2D (n/¢) “towers” around electronics
¢ Assume each “tower” needs scale correction o
¢ Solve for “pairs” (can be overlapping) of a; with MZ constraint

B

M _Mtrue*l ai+aj _Mtrue*l
i =M *+———)=Mj ("‘2 8

2
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Eﬁiﬂ W — jet jet: Jet Energy Scale

¢ Use the mass constraint of

the Wiin ttbar events, to set sy N RN T
the JES / rescale jet to o
mis-calibrated MC)
parton energy
a = Epartonl Ejet

Mjj = +/2Ej1Ej2(1—cos §1j2) = MW

¢ Take into account E, n and ¢ in the
minimization procedure and
corrected energies and angles.

¢ E of parton and jet agree within ~
1% over the range 50-250 GeV

90

¢ Pros: Good statistics, easily > 30 pb-
triggerable, small physics 60 Y ‘
backgrounds. o 1 (- b
¢ Cons: Only light g jets, limitations 3 1 HJ“rJrH Jrjr Jf 11
: ) . T +++++ ++
in E and ny reach. o i A

15 February 2006 Rob Mo 0 20 40 60 80 100 120 140
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@ 10%3cm-2s-1 for p; > 50 GeV

¢ ytjet: ~2Hz

¢ Z+jet: ~1/10 Hz
Use the p; balance between Z /y and
highest p; jet

¢ Jet p; rescaled to balance Z p;.

Distribution syst. skewed by ISR
Pros:

¢ Enlarged E and n reach wrt W=>jj,

¢ includes 6% of b-jets,

¢ large stats: y+jet with p fT>20 GeV: ~10K pTz (GeV/c)

events/min. (not incl. eff. & trigger) 20-60 60-120 |>120
cons:
¢ Easy to introduce biases via selection

i i i ion, 0.049 0.015 0.004
sensitivity to ISR modeling, esp at low py,

*
* Iggckground to y or Z° can add additional
ias
¢ prrange covered with good statistics
limited.

¢ Needs prescaled trigger

Also use Z° + b-jet to calibrate b-JES

15 February 2006 Rob McPhe
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0

———  Pythia6.214 (CTEQSL tuned)

Phojet1.12 (GRVO4L) PYTHIAG.214 (tuned)

PHOJET1.12 (default)

A UAS 53, 200, 546 ond 900 GeY

O CDF 630 and 1800 GeV

- 0.023IN°(s) — 0.25In{s) + 2.5
e D.27In(s) — 3.2

NSD data

® CDF (1.8 TeV)
O UAS (200 GeV)

chh/dT] @ T]=O N:.:./dn at 7

4

Vs [GeV]

 PYTHIA models favour In?(s);
« PHOJET suggests a In(s)
dependence.

Energy dependence of dN/dn ?
Vital for tuning underlying event model
Only requires only a few days of data

(in principle)
15 February 2006 Rob McPherson 12




Eﬁ?ﬂ Top Mass

¢ |Initially low luminosity and imperfect
detector
¢ Worry about
+ Early b-tagging
¢ jet energy scale

+ detector problems é
¢ Initially uncertainty on b-jet energy scale &
dominant:
b-jet scale uncertainty & M,
1% 0.7 GeV
5% 3.5 GeV
10% 7  GeV

0ns

) 1 1Ll
scale factor for b-jet energy

(10% on g-jet scale > 3 GeV on M,

¢ Important to understand UE

¢ = can have a large effect (as large as 5 GeV

on my)
15 February 2006 Rob McPherson 13




¢ Most important background for top: W+4 jets
¢ Leptonic decay of W, with 4 extra ‘light’
jets
¢ Selection:
¢ Isolated lepton with P;>20 GeV

¢ Exactly 4 jets (AR=0.4) with P:>40 GeV | Jf j
¢ Reconstruction: 4 Hi HH il
¢ Select 3 jets with maximal resulting P, P t
¢ Identify W peak (also useful for JES 2020 0 040
calibration) 30 pb1 (<1
¢ Select highest p; 2 jet combination day @10%?)

¢ W peak visible in signal
¢ No peak in background
¢ W and Top peaks visible with 30 pb-*

30 pb-1 o(stat)

Mtop 3.2 GeV

15 February 2006 Rob McPherson




¢ Quickly hit systematics limit

¢ Will move to b-tag analyses when
possible

¢ Background composition changes: jet
combinatorics from top becomes more
and more important

300

250

200

150

100

a
o

o

| Commissioning T-mass

Reconstructed T-mass (2 b-jet) |

= Enitrles 16820
= Mean 2278
= RMS. 8012
— »* I ndf 81.28162
— Prob 0.0
— Constant 1127+ 551
Mean 167 £ 0.8
H Sigma 12+0.0
— (=) -118.9 £ 10.0
1 no b-tag <, e
= €2 -0.002219 + 0.000007
e2v -E726+1.5
— 3 -2.88e05+ 3,
= v 71.721 099
= 1.675e-08 + 2.035e-10
= -20.06 + 1.04
] *j \\ i Hﬁl}
o .y L [ A B! Lol e b
0 50 10l] 150 200 250 300 350 400

GeV

| Reconstructed T-mass (1 b-jet) |

2 b-tags + cut
on W-mass window

200 —
— ; tries 2 17?622
ool ean 176.
1 b-tag + cut on oy ra
g Constant 8382+ 52.7
- Mean 1674+ 0.8
W-mass window I aeten
cl 28951 0.166
= :;v omm?fznmg
120 . gv El mmsf?f&lké
— v 1361+ 3238
1001 o sessime
80 — 60
60 40
40
= 20
20
o - Ll Ll Ll Ll I 0
0 50 100 150 200 250 300 350 400 0

300

350 400
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¢ Br(B% — ntp) =~10-10

¢ Eg:. ATLAS (yes, “staged” ATLAS

for early running)

¢ Trigger: Pr(u) > 6 GeV for |n(w)|<2.5

¢ Analysis optimized for S/\B
¢ o(B—-up) =~ 80 MeV

Integral
LHC
Luminosity

100 pb-1

1 fb-1

10 fb-1

15 February 2006
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Number of events

ATLAS Study

BY — p'prpty,
pT(n) < 4 GeV

SR “+”- et v,

pT(e) < 0.5 GeV

2

3

4

5 Myp [GeV]



¢ Search for high mass Z’ resonance decaying to ee or uu
¢ Mass peak well separated from background

L]

o
=

3 I T g A DA B Z’ — ' u': 5o significance curves

GeV) +* BR
]
=

=

do/dM (ﬁ'?f-m
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. 3 TeV Zgsyy |
Drell-Yan | !

b
=
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| S 1EE A e R S » PR S X :
Iﬂ'- L‘ . ; b - — . 107 —
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TR PR S 18O T 115118 0% | | | | E
500 1000 1500 2000 2500 3000 3500 4000 e R

M GeV i 2 3 4 5 6
o ( ) Z' mass (TeV)




@ SUSY Searches

¢ Typical SUSY event at LHC:

~~/
n~~/

/~~q~; %02 __e__
Voal N

¢ Strongly interacting sparticles (squarks, gluinos) dominate
production
¢ Can have high cross-sections = good candidate for early discovery

sleptons, gauginos etc. acascade decays to LSP.

Long decay chains and large mass differences between SUSY
states
¢ Many high pT objects observed (leptons, jets, b-jets).

¢ If R-Parity conserved LSP stable and sparticles pair produced.
¢ Large ETmiss signature

¢ o

¢ Closest equivalent SM signature t > Wb with W —» € v
15 February 2006 Rob McPherson 18



CMS SUSY Reach:

5c

CET(100 o)

=175 GeV/c?

Run Il 30 fbo!
(Trileptons)

JLdt=1, 10, 100, 300 fb"'
A =0, tanB=35, u >0

:osmologically plausik

discovery curves @

Inclusive search
STATISTICAL
reach only!

~ one year at 1034:
up to 2.8 TeV

~ one year at 1033 :
up to 2.3 TeV

~ one month at 1033
up to2 TeV

)le region

200 400 600 85“)
mg, (GeV/c)
My

1000,

1500

(GeV)

2000



Inclusive signature: jets + n leptons + E;™iss
Main backgrounds:

¢ z+n jets ] EXPECTED
¢ W+njets L SIGNAL
¢ ttbar '
¢ QCD
Greatest discrimination power from E,™iss

(R-Parity conserving models)
Generic approach to background _ 7
estimation: ~ 1000 Mz?gzw 3000 4000

¢ Select low E;™ss background calibration samples; -

+ Extrapolate into high E;™'ss signal region.
Extrapolation is non-trivial.

¢ Must find variables uncorrelated with E;™iss
We have learned a lot from Run Il but one
big difference:

¢ no previous measurements at similar Vs
ATLAS Example: ~1 TeV SUSY scale, look at

5
D
]
o
=]
=
B
E

5
=
=2
-]
=

do/dh,, (Events/200 GeV)
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Eﬁiﬂ Higgs in SUSY events ()

¢ Can produce Higgs in SUSY decay chains

p % P

~~

/ <o %%
1 q

¢ Can happen in MSUGRA, but
even more allowed space if we
don’t assume h & sfermion
unification

¢ Good candidate for higgs
discovery if SUSY true

¢ Initial CMS study:

¢ 2 b-jets + E miss
15 February 2006
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Higgs in SUSY events (ll)

CMS MSUGRA

-22.06

A =0, tanf =30, n=0

':.' —Bry, =¥, k) =50%

W(120)

Charged 1.5p

. R{118)

esat LEPTT

600 800 1000 1200 1400

My, (GeV) m, (GeV /c?)

¢ Need to optimize non b-tag analyses for early data
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Tulnn \’11
Direct SM Higgs Search: depends on mass %

SM Higgs: branching fractions High mass search: H — ZZ(*) > 4 /
ATLAS

ILdt= 0%k
ino E-1achors)

Branching ratio

¢ Electron / muon reconstruction probably OK with early data
¢ = Higher mass Higgs is possible
15 February 2006 Rob McPherson




Eﬁiﬂ Lower mass Higgs Harder

3 channels contribute ~ 2c with 10 fb™]

¢ EM resolution ¢ Good b-tagging ¢ Forward jet tag
¢ EM uniformity ¢+ Reduce QCD ¢ Good central jet
¢ yy mass: background: veto
* o/m<1% ¢ 4 b-tags ¢ =1ID
¢ Hadronic
transverse mass
resolution

¢ b-tagging, final EM resolution/uniformity, forward jet reco ...

¢ = Lower mass Higgs (eg: < 130 GeV) will take significant detector/data
understanding

¢ (Not just a luminosity question ...)
15 February 2006 Rob McPherson 24



b

Lm‘ Summary rl

¢ The first priority of early LHC collision will be to push
detector understanding

¢ Calibrations
¢ Dead/hot channel characteristics/understanding

¢ Dead material understanding ...
¢ Basic Standard Model measurements critical
¢ Underlying event, parton distribution functions, ...

¢ SM processes “near” possible new physics
¢ Top/W masses will be systematics dominated from early-on

¢ Many other SM opportunities (eg, B% — u* n)
¢ First searches for clean processes with high cross-

sections next
¢ High mass Z’, SUSY are strong candidates

¢ Don’t expect early SM light higgs results

¢ But that’s not really what we want to discover in any case ...

15 February 2006 Rob McPherson 25
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