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A reminder of why the LHC is being built

The machine and its status: comments on old “bad news”

The experiments (Atlas and CMS only in this talk)

Quick Tour of the physics

— very large scope: LHC is a discovery machine: Many candidate models

Remember that this is a Huge Enterprise

- Atlas and CMS have about 2K collaborators each

* Better to think of them as facilities rather than experiments
- Costs and timescale are very long

* LHC will run for many years: upgrade plans are already well advanced
* I can only give you a taste before the chairman pulls me off the stage
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* Once W/Z were discovered 25 years ago:New issues arose

- What generates their masses?
- Whyis M <<M, ?

Plank

- Why pattern of quark/lepton masses?
* Something must show up below 1 TeV: Very simple argument (and old)
- Compute WW ==>WW at high energy:
- No Higgs= Unphysical cross section:
— Either Higgs or something else below 1 TeV

* Theory arguments are nice and can give valuable guidance but need some
data

* Other issues have arisen since 1982 such as Dark Matter: LHC may contribute
here: But the basic motivation is still valid
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Delays, delays.....

Unfortunately this paper was
not rendered obsolete yet.
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Supercollider Physics
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Fermi National Accelerator Laboratory¥*
P.0. Box 500, Batavia, IL 60510
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Lawrence Berkeley Laboratoryt
Berkeley, CA 94720

K. LANE
Ohio State University,t Columbus, OH 43210

orat vavtonay U8 ~ Some of us have waited a while!

Accelerator Laboratory*
P.0, Box 500, Batavia, IL 60510

A bit more delay we can live with!

TThla work was supported by the Director of Energy Research, Office of
High Energy and Nuclear Physics, Division of High Energy Physies of the
U.S. Department of Energy under Contract DE-ACO3-T65F00098.
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 W/Z properties measured * New discoveries
 Top found and measured  Individual lepton number not
« SM proved correct at quantum con_ser\_/ed (neutrino

level oscillations)

~+ Dark matter/energy
* CKM accounts for CP violation

No big surprises but a huge

achievement for both theory and
experiment

Basic problem remains
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We looked for the Hon Grall...

Higgs not found at LEP

Not found (yet) at Tevatron
* Tevatron could still find it???

The end is in sight. SM dead if LHC
doesn't get it

HOE

Only this Higgs
seen to date
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Standard Model Higgs status in one slide

3| LEPEWWG 07/07
— 1
{ —LEP1 and SLD 6 m o = 144 GeV
80.51 - LEP2 and Tevatron (prel.) |
- 4 Mll-nﬁ;d=
68% CL S5N: % —o.o02758¢0.00035 il
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m [GEV]
Direct searches at LEP2: Indirect constraints:
m,>114.4 GeV @95%CL m, <144 GeV @95%CL
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The Large Hadron Collider (LHC) : pp Vs = 14 TeV
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LHC basics

X7 Tevatron
x100 Tevatron

- pp Vs = 14 TeV
Liesign = 10%* cm2 st (after 2010)
L. < few x 103 cm? st (before)
- Heavy ions (e.g. Pb-Pb at Vs ~ 1000 TeV)
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ATLAS and CMS :
general purpose
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"l LHC 27 km ring (previously

used for the LEP e*e collider)

ALICE :
jon-ion,
p-ion
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LHC status

N
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Main machine parameters for design luminosity operation

Beam energy
Instantaneous luminosity L
Integrated luminosity/year
Dipole field

Dipole current

Circulating current/beam
Number of bunches

Bunch spacing

Protons per bunch

R.m.s. beam radius at IP1/5
R.m.s. bunch length

Stored beam energy
Crossing angle

Number of events per crossing
Luminosity lifetime

/7 TeV

10 cm2s!
~ 100 fbt

84 T
11700 A
0.53 A
2808

25 ns

1011

16 um

/.5 cm
360 MJ
300 prad
20
10 hours

-

x100

Tevatron

N=JLdt xo(pp - X)

<

'long range’
interactions

two beams, 2808 bunches
each, separated by 25 ns

I crossing angle

x200 Tevatron

n. of bunches

n. of turns
per second

n. of protons

per bunch
~ |
_ Nk, f

beam size at IP
(0, = 16 pm)
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L.R. Evans

Durham Ian Hinchliffe 012/18/07 13




A look in the tunnel Main dipoles 1232
Quadrupoles ~ 400

Sextupoles
Octupoles/decapoles ~ 7000
Other correctors

Straight section at IP 8




magnet interconnection work
i complete

Cryogenic line

Magnet temperature profile along sector 78 at 09:15 Jun 21
25

The first of eight sectors (7-8)
cooled down to 1.9 K in first half 23} Move cursor to yellow square to identify magnet
of 2007. Sector 4-5 reached
1.9 K recently

Both sectors will be warmed up
and cooled-down again after
connection of the inner triplets

Temperature [K]

One sector: 3.3 km, 154 dipoles




LHC: A complex object

* This is complex and challenging object: problems should be expected
with both machine and experiments.

* Problems are news: Successes are not
- "man bites dog” sells hewspapers

* A look at some problems overcome
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LHC: many problems overcome I

Triplets — Heat exchanger problem

R Bailey

e :EE-I;F and emscuiian of the Drazed | L & arneals the exsnemies of
e tubet (including eed paints in G1 and Q3).

2 Lengn of heat afected 2ane ~ 250-300 mm.

= gAhrerce o meshanicza HEF"THF T2 heat gt=cled Erl;'"'

&1 lowe-Dela quadrupoles nesd 1o s repalred.

* During the pressure test of Sector 7-8 (25 November 2006) the corrugated heat exchanger
tube in the inner triplet failed by buckling at 9 bar (external) differential pressure.

* The inner triplet was isolated and the pressure test of the whole octant was successfully
carried out to the maximum pressure of 27.5 bar, thus allowing it to be later cooled down.

* Reduced-height of corrugations and annealing of copper near the brazed joint at the tube
extremities accounted for the insufficient resistance to buckling.

* New tubes were produced with higher wall thickness, no change in corrugation height at ends,
and e-beam welded collars to increase distance to the brazed joint.

* Installation of these tubes was made in situ.

~

Freeceer
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LHC many problems overcome II

= Status

All triplets
repaired by
September

Problem

Support structure

i \

Cryostat vacuum vessel

Quadrupole cold mass Q1 supports
at IP 5L

On Tuesday March 27 2007 there was a serious failure
in a high-pressure test at CERN of a Fermilab-built
“inner-triplet” series of three quadrupole magnets

| R Bailey
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LHC: latest problem overcome

* The problem
- Contact fingers in an arc interconnect have buckled into the beam aperture
— Post-mortem examination shows this took place during sector warm-up
— Was a major worry (there are 4000 of them!) but limited extent (% level) R Bailey
- Understood why it happened (manufacturing problem)

* Solutions being implemented for first beam

— The LHC is being closed with components corrected to be within original specification and
working as close as possible to nominal conditions

- The aperture is being systematically checked before cooldown, and will be after each
warm-up

* Longer term perspective

- The data used to make the PIM design is being double-checked, and detailed FE analysis
is in progress both to simulate the failures and check the robustness of the design

— Once this procedure is complete, and the reasons for the manufacturing defects
understood, a long term strategy will be adopted

— There is now no reason why this problem should have further impact on the machine
schedule

~

f;}]
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;__LHC: latest p_rpblem overcome

T
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LHC: latest problem overcome

QQBI.26R7 line V2
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LHC: First sector cool down

@‘ LHC sector 78 - First cooldown & Powering & warmup

cooldown 300 - 80 K '

From RT to 80K precooling with LN2. 1200 tons
of LN2 (64 trucks of 20 tons). Three weeks for the

320

300 Return
fi
280 temperaturg st sector 1
260 - From 80K to 4.2K. Cooldown with refrigerator.
Magnet
240 - Three weeks for the first sector. 4700 tons of
290 - tem pe ratu material to be cooled Powering tests in ARC
< 200 A cooldown From 4.2K to 1.9K. Cold compressors at 15 mbar.
g 180 «=——= Four days for the first sector Powering tests in LSS
b— CURLHUROASTT LU - 5,0 Py
© 160 £ »
aQ o
g 140 - Filling & 1.9 K cooldown
E 120 - . " OFBs & 1.9 K pumpdown tuning
~ 400 - « >
80 1
60 S " Magnet
40 4 SUpplym emptying
temperature L
20 1 warm-up
[:l T T ] T T
15/01/07  02/02/07  20/02/07 10/03/07  28/03/07 15/04/07 03/05/07 21/05/07 08/06/07 26/08/07 14/07/07  01/08/07
Time (UTC)

— 4.5 K refrigerator supply temperature — Return temperature
Thermal shields temp. (average over sector) — Magnet temperature (average over sector)

i ]
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End of Powering
Tests on wk 6 to be

confirmed

Latest milestones, end Novembe*

Pressure test Cool-down Powering tests

Sector 12 wk. 49 (2007) wk. 07 (2008) wk. 12 (2008) wk. 13 (2008) wk. 25 (2008)
Sector 23 Done wk. 06 (2008) wk. 11 (2008) wk. 12 (2008) wk. 23 (27{08)
Sector 34 Done wk. 10 (2008) wk. 15 (2008) wk. 16 (2008) wk. 24 (%008)
4
Started wk. 48 (2007) wk. 49 (2007) wk. 03 (2008)
Sector 45 Done
wk. 14 (2008) wk. 17 (2008) wk. 18 (2008) wk. 25 (2008)
Sector 56 Done wk. 49 (2007) wk. 07 (2008) wk. 09 (2008) wk. 19 (2008)
Sector 67 Done wk. 05 (2008) wk. 11 (2008) wk. 12(2008) wk. 20 (2008)
Done Done Done Done Done
Sector 78
Done wk. 04 (2008) wk. 10 (2008) wk. 11 (2008) wk. 22 (2008)
Sector 81 Done wk. 51 (2007) wk. 09 (2008) wk. 10 (2008) wk. 22 (2008)

r:r—r‘bl m

BERKELEY LAB
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Schedule

rjr—r‘>| m

~ =~
S =
S =
N N
Machine Checkout
g Beam Commissioning to 7 TeV &
S ]
General schedule Baseline rev. I Interconnection of the continuous cryostat Flushing )
4.0

=+ Global pressure test &Consolidation Leak tests of the last sub-sectors B Cool-down

i "1 Cool-down Inner Triplets repairs & interconnections Warm up

11 Powering Tests | Global pressure test &Consolidation B Powering Tests Vs

Durham Ian Hinchliffe 12/18/07 24




Phase A MNominal

No beam Beam Beam —
Parameter Phase A Phase B Phase C Nominal
k / no. bunches 43-156 936 2808 2808
Bunch spacing (ns) 2021-566 75 25 25
N (10" protons) 0.4-0.9 0.4-0.9 0.5 1.15
Crossing angle (prad) 0 250 280 280
VB*/B* rom) 2 \2 1 1
o™ (um, IR145) 32 22 16 16
L (em-2s™!) 6x10%0-103%2 1032.1033 (1-2)x10%3 103
Year (?) 2008 2009 2009-2010 > 2010

Freeceer
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Where are we? (my observations)

* Known problems fixed much faster than expected: prophets of doom
have been proved wrong so far
 Schedule has no contingency (“'success oriented”)

* Cool down of sectors 5-6 and 8-1 deferred until early January

— Currently 2-3 weeks behind previous page

The machine will be closed in April 2008

Beam commissioning starts May 2008
First collisions at 14 TeV in Summer 20087

Pilot run pushed to 156 bunches for reaching 10*? cm= st by end 2008?

% Durham Tan Hinchliffe 12/18/07



We need the detectors to do physics
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ATLAS

LHCD looks like a fixed-target

experiment (though it is not!),
because it concentrates on
low-p, B physics

rjr—r‘>| m

CKER
= CRYSTALECAL  total weight : 12500 T
MS Overall diameter : 15.0 m
C Overall length  : 21.5 m
agnetic field : 4 Tesla

MUGN CHAMBERS

ALTAS and CMS have same
physics goals: concentrate on
“high-p;” discovery physics

The detector concepts are however
different: this provides necessary
redundancy and fruitful competition

ALICE

ALICE will exploit high-
energetic nucleus-nucleus
(“heavy-ion”) collisions

Durham Ian Hinchliffe 12/18/07



What Detectors must do

* No matter what the new physics is: it must decay into standard model
particles. Must detect all these

* Muons: Penetrates: tracking system and muon spectrometer

* Photons: absorbed in EM calorimeter

* Electrons: Tracking system, EM calorimeter

* Tau: hadronic decay, thin jet with few tracks

* Quarks, gluons: Jets of particles, absorbed in calorimeter

* B-quarks: Decay away from primary interaction: precision tracking
* Neutrinos: Must detect "nothing”, hermetic detector

* ATLAS and CMS have similar philosophy: technology is different:
precision determined by physics signals and backgrounds

‘,'/;}]_‘\lﬂ Durham Ian Hinchliffe 12/18/07
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ATLAS and CMS

ATILAS = A Toroidal LHC ApparatuS |CMS = Compact Muon Solenoid
Air-core toroids + solenoid in inner cavity Solenoid
MAGNET (S)| 4 magnets Only 1 magnet
Calorimeters in field-free region Calorimeters inside field
Si pixels+ strips S1pixels + strips
TRACKER TRT - particle identification No particle identification
B=2T B=4T
o/p, ~ 5x10* p. 0 0.01 o/p; ~ 1.5x10* p.J 0.005
Pb-liquid argon PbWO, crystals
EM CALO o/E ~ 10%/NE uniform o/E ~ 2-5%/\VE
longitudinal segmentation no loneitudinal seem.
HAD CALO Fe-scint. + Cu-liquid argon (10 A) Cu-scint. (> 5.8 A +catcher)
o/E ~ 50%/VE [ 0.03 o/E ~ 100%/VE O 0.05
Air - 0/p, ~ 10 % at 1 TeV standalone Fe — 0/p; ~ 15-30% at 1 TeV
MUON :
(~ 7% combined with tracker) standalone (5% with tracker)

Freeceer ﬂ
;—;m
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Muon Detectors Electromagnetic Calorimeters

\ ATLAS

Solenoid \\-\ Forward Calorimeters

End Cap Toroid

Length : ~46 m

Radius : ~12 m

Weight : ~ 7000 tons
~108 electronic channels
3000 km of cables

2000 physicists from
167 Institutions from 37 countries

Inner Detector

Barrel Toroid

Hadronic Calorimeters

* Tracking (|n|<2.5, B=2T) :
-- Si pixels and strips
-- Transition Radiation Detector (e/n separation)

- Calorimetry (|n|<5) :
-- EM : Pb-LAr
-- HAD: Fe/scintillator (central), Cu/W-LAr (fwd)

lamania

DO0OODOEEEE R
PN e s NEESTR

« Muon Spectrometer (|[]|<2.7) :
air-core toroids with muon chambers
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June 2003

ATLAS progress

November 2007
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November 2005: barrel calorimeter (EM Pb/LAr + HAD Fe/scintillator Tilecal)
1 in its final position at Z=0 inside barrel toroid system.
Today: cryostat is filled with LAr and cold (87 K); taking cosmics data.




Inner detector

3 sub-systems:

Silicon pixels : 80 106 channels

Silicon strips (SCT) : 6 10 channels

Transition Radiation Tracker (TRT) :

straw tubes filled with gas, 4 10° channels
Installation in the underground cavern completed

Pixel chips : 50um wide, 400um long, 250um thick
Must have resolution to resolve B-meson lifetime

Pixels installation June 2007

e ’ \
Ry il \
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Barrel SCT



_| Installation of barrel muon chambers
(~ 700 stations) started in December 2005,
now completed.
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Forward Muon Spectrometer: big wheels installed, end-wall wheel installation started

4 big wheels

End-wall wheels
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The two end-cap superconducting toroid magnets
installed in June-July 2007; both cooled down,
one being tested with current now.

Final magnet test (barrel+end-cap) March 2008




Commissioning with cosmics in the underground cavern
(Data taking has started)

Started about one year ago. Vital:

B Run an increasingly more complete detector with final trigger, data acquisition and
monitoring systems. Data analyzed with final software

B Shake-down and debug the experiment in its final position

B Gain global operation experience in situ before collisions start

\1//%/) V,/Vj /W/ ATLAS preliminary
10 ms of cosmics E WF — MC Simulation
‘/// ¢ . —e— Commissioning data
12U_—
N j! -
GNP, oo Reconstructed muon
a0l spectrum from cosmics
- | data and simulation in
"\ 60[— barrel EM calorimeter
e F
[ e Y SN VY -
Rate of cosmics in the detector: 1-100 Hz m;_
(depending on cuts) T R oy R T R ]

E (MeV)



Global cosmics runs:
combined operation

of several detectors.
Until now:

® Muon Spectrometer

m All calorimeters

B TRT

® Pixels and SCT readout

X (cm)

Cosmic muon
recorded on

15-06-2007

Z (cm)



CMS

A Compact Solenoidal Detector for LHC

FORWARD
CALORIMETER

j

L -
Y

F,

N

aF

L
[l

o e— ]

;

- IIl..._-_

2

Total weight 1 12,500t T
Overall dﬁameter: 15.00m SUFEREONINETING {
Overall length : 21.60m RETURN YO

Magnetic field : 4 Tesla

2000 physicists from
174 Institutions from 38 countries

Compact and modular : assembled at the surface
lowered in the cavern

=

N

slice by slice (12 out of 15 slices installed)

[crysTaL ecal | [HeaL ]

4 I CMS
3.}

J
B

» Tracking (|n|<2.5, B=4T) : Si pixels and strips

- Calorimetry {j |<5) :

-- EM : PbWO, crystals

-- HAD: brass/scintillator (central+ end-cap),
Fe/Quartz (fwd)

- Muon Spectrometer (|n|<2.5) : return yoke of

solenoid instrumented with muon chambers




M Pixels
B Tracker
B ECAL
B HCAL

B MUON Dets.

1 V™S A & = p Y |
DAY [x_.,ﬁ IOV A Px» LI

Total weight: 12500 t
Overall diameter: 15 m
Overall length: 21.6 m

Magnetic field : 4 Tesla http://cms,cern.Ch
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The central heaviest slice (2000 tons !)
including the solenoid magnet lowered
in the underground cavern in Feb. 2007

CMS solenoid:

Magnetic length 12.5m
Diameter 6m
Magnetic field 4T

Nominal current 20 kA
Operation temp. 4.5 K
Stored energy 2.7 GJ
Tested at full current in Summer 2006




Muon station installation completed December 2005: cosmic muons in
CMS (surface hall)

—
—
ama—

D p—pe———— b e 5 5
L L
4

i s e R |
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S . R . R

Track reconstruction
efficiency in 1 barrel
station

Rate is 0.5-1 kHz at surface



CMS EM calorimeter:

~ 80000 PbWO, crystals
End-cap on critical

path (to be completed in 2008)




CMS Inner tracker:

~ 220 m? of Si sensors
10.6 million Si strips
65.9 million Pixels

Assembly of Si layers completed, installation
in underground cavern in December

Pixels

End-cap TEC




CMS Magnet Test and Cosmic Challenge in August-October 2006

Cosmics run of a ~ full detector slice (few percent of CMS coverage) inside 4T field.
200 million cosmic muons collected in the surface hall (rate is 0.5-1 kHz at surface)

R & §a2 = Y5 el I/ &77%y I AT~ e ) . ._‘ ,
Y 3o, ¢ Sath 2 S - ¢ - i) | =
N S { e s - v =
sy M __ s o T e _ 25 : : ! :
» < \ o 7 5\ ik . \ !
’
(v ¥ - [ - \ a

A “gold-plated” muon

traversing all detectors




PP Physics Program

CEFIT l I_HJ:S'IL: l

| | | |
— O tot .W 10°
UA4/5 :
_ -
s mb L i Process | o(nb) | Ns | L=10pb"' | L=10fb"
ua ~ Minimum | 108 | 107 | 102 | ~10%
. ~ o bias
Stnbp O =
= B Ey=025TeV &, Inclusive 100 | 100 106 ~10°
5 q‘i jets —
E T ow v CDF (p B) k=] pT>200GeV
“1nb . 2 15 | 15 | 105 | ~10°
e 2 | woev
— ﬁé'g"l"l'lg" = 500 GeV) —— g-}
_ | (W]
IR i ?‘ITF Ga\f Mhop =?%F(£ Z — e+e- 1.5 1.5 104 ~107
top = "‘———__________
1pb — w,,:t?chav ‘-—\\\_\ . 0.2 103 10 104
o, Dibosons .
— m_,= 1 TeV
i e ‘-_._-"‘—\
B my = 500 GaVf
| | | |
0.001 0.01 0.1 .
Vs TeV
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Physics Program

Start by “rediscovering standard model” in new energy regime and
new detectors

Some QCD needed for “engineering” of Monte Carlo: e.g. Min bias
and underlying events

Top and W/Z production are well understood theoretically, start
with inclusive and move to exclusive states that are harder for
theory

Some important results will come as soon as detectors are
understood sufficiently

Theorists should pay attention during this phase: which predictions
are poor and why? If you wait for “new physics” you may be too
late

Don't believe new “pink elephant” discovery if SM is not
understood

Durham Ian Hinchliffe 12/18/07




Total rate

4GD [ T T T T TTTTg T T TTTTTg T T T T T T T TTTTTg
350 | 2 .
i G, even (log {v/m})
[ i Fly's Eye .
300 ¢ . AGASA .
[ . PP ]
250 F . pbar-p data ]
o I —_—— o, even (QCD-Fit) ]
= [ i
£ 200¢ ]
b ]
150
100 |
50 |
I:I: 1 Lol 1 Lol 1 Lol 1 Lol 1 L1111
10° 10° 102 10° 104 10°

This cannot be calculated front tHe?'Underlying theory. It is soft QCD,
but can be extrapolated with small uncertainty

Freeceer
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Min Bias

Difficult to predict this.
=
"-E; ———  Pythia6.2 14 (CTEQSL tuned)

...... gt 12 (GRYB41 « Extrapolate from Tevatron

LHC predictions

« Measure with 1 inverse millibarn
(minutes of operation)

» Affects some expectations for
“ultimate physics reach”

* Amount of “pileup” is determined

i NSD dota by thiS
& CDF (1.8 TeV)
0 s ao0cay * This is QCD: can someone please
A S S S calculate it
n
crececy] Durham  Ian Hinchliffe 12/18/07




Standard model min bias

250

Soft Tracks do not make it to calorimet

200

150

ATLAS

100

50

............

50 MeV tracks:
reach all Pixel

layers 150 MeV tracks:
reach last SCT
layer

dN,/dp,
Reconstruct tracks
with:
1) pT>500MeV
2) |do|] < Imm
3) # B-layer hits >=1
4) # precision hits >=

O L =
L F !
Lo v o 11 17 T

! i e . P i el =101
00 1200 1400 1600 1800 2000

400 MeV tracks:

b lreach end of TRT

CMS has smaller
radius, higher field

rr/r.:hl ﬂ
Bcﬁ
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Jets

New physics will show up at high
pt if detector is not working!

QCD Jet cross-sections

Inclusive Jet Cross-Section |

= _—
1]

o
5107
| =

10*
10° — =

=10
107" "200 400 600

Statistics 0<n<3 |

=
"1'1; 1072
@ 10 %
E: ot 10"
10 events Ns= 1.8 TeV
with 100 pb* 102
Lo-SF' e | ;
F:T (TeV) s
10
This program starts on Day 1
and never ends 10°

Frrreeer m
E’E_;m

800 1000 1200 1400 1600 1800

L | 1
2000
pT Jets (GeV)

3

~200 400 600 800

— 1inverse fb

— 10 inverse fb

100 inverse fb

|

1000 1200 1400 1600 1800 2000

Et (GeV)
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Dijet phi correlations

- A PYTHIAG6.226 - low ISR
= B PYTHIA6.226 - increased ISR
- DO - Vs=1.96 TeV »
L 0 130.< pyrx < 180 GeV (x400) f
E @ 100< p_max <130 GeV (x20) ’#@#
- 0 70 < pymax < 100 GeV at "
= i*'@ *+
= - T F 3
i e {-{;#
B b
- _
] S e
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| - A 4 ‘i‘_:_ - e
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-k _._i__'i__T__A_
Sa 3 ¥ ot
- T-—_g'—*‘“
[
- e
_.J_—A—‘ 1 1 1 | 1 1 | | 1 1 1 | 1 1
100 120 140 160 180
Aq)di jet

Run 178796 Event 67972691 Fri Feb 27 08:34:15 2004

ET scale: 436 GeV

Y [ / {//
SN\
7 = A/ [~ y

-3.7 \ 4

Data from DO compared to MC
decorrelation should increase at large
rapidity separation

This should be early LHC result

BERKELEY

Lag
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Dijets: fake new physics

Black: one week’s running
at 1% of design luminosity.

Fractional deviation from theory

Blue: Expectations for a
contact interaction term of
~4 TeV (SMis aline at 0)

(Data-Theory)/Theory

Green: A miscalibration
selected to look like a
contact interaction

Some care needs to be

taken before announcing
a major discovery.

This is the wrong variable,
need something less sensitive

_1 | | | ‘ (- | | | | | | | | | | | (- | | | | | | |
0 200 400 600 800 1000 1200

L
1400

ot E, to detector issues
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Standard model W/Z

Large W/Z rates

-
=
(=]

-
=
o

Clean samples of e and mu

—
=]
—§

=]
]

Calibrate e/m calorimeter,
muons. tracking

=]
L]

Number of events after all cuts
— — — —
= =
[+ -3

Understand electron fakes T aWo

i eZol

)
::I: l Ilﬂﬂl . :li I l !I:"]: . :I:I:I: I:[:H! NI :I:I:I:ﬂ:ﬂ]: :I: :I:I:I![:I] . :I: :I:I :":":l . :I: I Ilﬂﬂrl_l'ﬂ'ITﬂ] . I :li Iilil!q: . I :I:I:I:H:[I

-
=1

T  m s X[

- Vital for Higgs search

—

—
<
=

~10 pb' =1 month at 103°and < 2 100 pb! = few days
weeks at 1031, £=50% at 1032, e=50%

fm
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Some peaks

1 pb'=3 days at 103" at 30% efficiency After all cuts:
2" W oivect onia ~ 4200 (800) JHup evts per day at L = 10%
'é - BWooi-van (for 30% machine x detector data taking efficiency)
g 10°E
- ~ tracker momentum scale, trigger performance,
I detector efficiency, sanity checks, ...
10
& 4 11 10 b
2 3 4 5 6 7 8 9 10 11 12 --E 3 3
Mass (GeV) n )
After all cuts: 10
~ 160 Zup  evts perday at L = 10%
Note:c,(LHC)/c(Tevatron)~10 10

[] Muon Spectrometer alignment, ECAL uniformity, ATLAS preliminary
energy/momentum scale of full detector, 40 50 60 70 80 90 3100 130 120 130
lepton trigger and reconstruction efficiency, ... M,, [GeV]
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* Production fully described

Tevatron

LHC
—0 ~850 pb =7pb by QCD
10% qq, 90% gg 85% a4, 15% gg e Mass known
* |Ideal benchmark for
q>lm<f detector calibrations
7 i
1.8 Hz at “low” luminosity
8 "Rty 82 ot g- !
% efh| kY
“ ! :?é;% ' h@ﬁ*““<
g | gﬁ$ P ;
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L=100 pb

6
3 jets with highest }_ p, 0 (1 day @ 10* ems™)
4 jets p,> 40 GeV :ﬂ |
NO b-TAG !! Full simulation @
40
Signal (MC@NLO)
30

Isolated lepton  p,>
|20 GeV = trigger

e,

W+n jets (Alpgen)

20 . g
+ combinatorial

Y
p,™s > 20 GeV

Now we have sample of bjets without using tracker
Use these to calibrate the b-tagging

reeeeee
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Top w/o any background

* Very low background with

everything working L=0(100) pb-

(few days @ 10* cm*s™)

* 1 lepton, missing Et, two | S/B=0(100)

identified b-jets
}

-
N
o

-
(=3
o

N
o
T 1T

Number of Events
-3 (-]
o o

o 50 100 150 200 250 300 350 400

Top mass (GeV)
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XYZ = —172.12

—> Egamma egammaColisction Ren= 17214 —178.1+ -0.872

/Charge 0/E=70.282/P=0.0C

Persint 4.01

230
222
o2

Mg
1
s

rreeeer |
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Follow the dilepton invariant mass from Z upwards

Enlnies
VAsan

S

rjr—r‘>| m

- [ S R N Mt oL L
1000 1200 1400
HoIT mass (fiel)

100 inverse picobarns

P TR

Int. tuminosity {fh')

.‘. .. .,
LR

= Ll

£ masy (FeVie
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The CMATLAS experiment operating at LHC has observed 4 dimuon and
two dielectron events where the invariant mass if the lepton pair is between
1.13 and 1.15 TeV. No other events with invariant mass above 900 GeV
have been seen. These events are consistent with the production and decay
of a heavy particle of mass 1.14 TeV and an effective production cross

section of aaa pb. Such an effect could be production of a Z', Kaluza Klein
graviton.

An abstract you may seen in 2009
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- SRR . 1< i spin 1 or spin 20

A}

G*

-1- SUEGBELEA 0D O 8 0 DR 1A .I B B I B T e O L -
i g

CMS

rrrrrrr m
BERKELEY LAE

Z!

* Look at angular dist

* This comes later!
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Distinguishing
features

* High Multiplicity
* High ZE;

* High Sphericity
* High Missing P

* Democratic Decay

Sensitivity Dominated by
Theoretical uncertainty

ATLAS

f:}ﬂ
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(“rumors of my death are greatly exaggerated”)

*TechiRho to WZ
3 |lepton final state

*Clean

*Not very likely in my opinion
(therefore a good chance to
be seen??)
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Coupling constants unify?

SM

World Avemge

10
12
" i
0
_ aM)=0.117H0.005
wh sin‘®__=02317H0.0004 -
oL Kk
L o Lo ™ o
LN
e
S5 -
d MSSM
0 World Avemge
10
g1 — T — e e
10
L0
‘} - EF.
L 0 1o " o

m, (GeV)

my, = 114 GeV :

b

Dark Matter

100 200 300 400 500 600 700 800 900 1000

This is not evidence.....
SUSY has provided theory
employment for many years

[T =) 1

r:>|

=T
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Conserved R-parity requires existence of a lightest stable SUSY particle (LSP). Since

no exotic strong or EM bound states (isotopes) have been observed, the LSP should be
neutral and colourless WIMP: LSP signature just as heavy neutrino

* The LSP is typically found to be a spin- neutralino, a linear combination of gauginos
(in much of the SUSY parameter space the neutralino is a mixture of photino and zino)

« With R-parity: SUSY production in pairs requires energy 2[JSUSY mass !

e

“Typical” SUSY decay chain at the LHC

Freeceer

ﬂ

LSP escapes detection

- missing E; ‘
2
1

%

’\R'\

Missing E; ?

v

The hard-scattering processes are
balanced

s

Longitudinal energy goes down
beam: detector not closed!

v

Fortunately, the events are
transversely balanced !
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* A sensitive variable to detect SUSY decays is the “effective mass”:

2 10 fb~!
qC_) Meff = ET,miss+ + pT
> 1q0° jets, leptons
L] - SUSY
5 sum of all BG
10 @ ttbar+Jets
A W+lets

V z+Jet> 1 | epton
I QCD bbijj+ccjj

2

Works in many

—
ou

SUSY signal
Mass=1TeV models

=

=E§§§§§ HIHq IIqu IHH“ |||mq T TTITm

| -ﬁ I T I
1500 2000 2500 3000 3500 4ooC

Meff

* Requiring =1 lepton reduces QCD background by factor of 20—-30, with signal loss of only
factor of ~3 (production through weak interaction): better S/B than fully inclusive analysis
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B Current mSUGRA limits on squark and gluino masses from DO (Tevatron)

B Experiments evaluate their SUSY
discovery potential using some
“standard” mSUGRA setup

50 discovery reach for SUSY:

Luminosity  squark/gluino

Time period [m-2s-1] masses

1 month 10% ~1.3 TeV

1 year 103 ~1.8 TeV

1 year 1034 ~2.5 TeV
Ultimate [=300fb" ~2.5-3TeV

DO&CDF  [=03fb"! >,,0.35 TeV

L

1204 +

T} ~

5 standard deviations disgowery contQuisn.=

e AT

region

A nf=35p =0

E}“”hnn b

CMS pil 23

ong year
f@-mﬁd-

one year
@1033

E™ ) one month
’

[@1033

#1000

~“cosmologically plausjble

Fermilab reach: < 500 GeV

oo zes

1000 1500 2000
m; (GeV)

IIIO \V\IV} ‘

r:r—r‘>| m
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Kinematic
structure
IS more convincing

You cannot see
the SM background
here

\ Dilepton invariant mass

Events/ 4 GeV/ 2.2 fb™

30

N
(3]

N
(=]

16

10

1]

M

%mﬂ%mm

v OSSF t{t
—— OSSF SU3
—— OSOF SU3

H 2.21b'!

20 40 60

80

100 120 140 160 180 200
Invariant mass (GeV)

d

This would be much better evidence but its still not SUSY.....

Frrrereer ﬂ
BERKELEY LAH
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The CMATLAS experiment operating at LHC has observed an

excess of 9 dimuon and 11 dielectron events in events selected to have
4 jets with pt>50 GeV. The invariant mass if the lepton pair is below

109 GeV and has no peak. These events are inconsistent with the
standard model expectation of 2 events. They are consistent

with the cascade decay of a two or more new particles. This signal could
due for example, to SUSY or UED.
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CMS SUSYBSM discovery plan

Search for SUSY {Evidence for excess) in =1 Ieptﬂn+E'[‘.““5+jets at 14 TeV in the electron and muon

channels (100 pb™ }&

Search for SUSY {Ewder% excess) in opposite sign dilepton pairs+ E'l?‘is"ﬂ'ets at 14 TeV in the electron
and muon channels (20 pb

Search for SUSY (Evidence for %51 in same-sign dilepton pairs + E‘[‘.““+jets at 14 TeV in the electron
and muon channels (200 pb_1 )

Search for SUSY (Evidence for excess) w lgptonic decays+ E‘I‘-““ +jets at 14 TeV in the electron and
muon channels (100 pb_1j| /

Search for LVF SUSY (Evidence for excess) in 0 final state at 14 TeV (500 pb_1j|

Search for SUSY (Evidence for excess) in trileptons +48%s at 14 TeV. [~ fb_1j|
Search for SUSY (Evidence for excess) in bb + 1 leptondt 14 TeV.

Search for SUSY (Evidence for excess) in 0 lepton + E'[‘.“'“@ 14 TeV (10 pb™ ")
Search for SUSY (Evidence for excess) in bb + E'I?‘is" + jets at 1{?&{1[![] pb— 1)
Search for SUSY (Evidence for excess)in top hadronic decays+ Ef"* 294 TeV (200 pb— 1)
Serach for SUSY (Evidence for excess) in opposite-sign ditau + E'l?‘is" at1 (200 pb— )
Search for GMSB (Evidence for excess) in prompt photon final states at 14 Te‘u"@] pb_1]
Search for GMSB (Evidence for excess) in non-pointing photons at 14 TeV (1 fb

Search and reconstruction of heavy stable charged particles at 14 TeV using TOF ann@/dx (500 pb— 1)
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Qy
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Figure 3.0.1: Eramples of mass spectm in mSUGRA, GMSE and AMSE models for 0

tan 3 3, signp = 0, The other paramelers are mg 1000 eV, my . 20N Fel” for
meUGRA: M = 10 TeV, N =1, A =T0TelV for CMSE; and w, = 200451,
Mgz = 35 TeV for AMSE.

Much theoretical angst over this problem

This is a problem that we need to keep us all busy!!
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e |[f Tevatron did not see it and it's inside their mass
reach, apply strong health warning

* |f it looks “totally crazy”, it probably is

* Beware of “counting experiments” until SM is
calibrated or S/B is huge

 Beware 40 peaks in expected places

* Beware “old men in a hurry”
* Finally remember the Motivation....

Durham Ian Hinchliffe 12/18/07 75




W, Z bremsstrahlung -
t t fusion

pb ; | SM Higgs Branching Fractions (HDECAY 2.0) \
o f G(pp—>H+X) [pb]
107k Vs =14 TeV E & 1
o pe—sH M, = 175 GeV :‘;",
10 F s CTEQ4M .=
\‘\l'\ _______________ E 107
1 3 x_:‘:‘\ --------------------- -E
F 5 e e T T c
L A N & 102
10 F ) ‘\ ~ qq’ —>HW = m E
S e ‘ii\‘ ................... ggngq—>Htt
10 F : g e i 10°
. qq—)ﬁZ =~
10 e L 10-5 L1 ||||i |||i||||i|||| T A ZDZD
0 200 400 600 800 1000 50 100 150 200 250 300 350 400 450 500
M, [GeV]

Higgs mass (GeV)

m, < 130 GeV : H [] bb, Tt dominate

[ best search channels at LHC: qqH — qqtr, ttH> IbbX, H —yy

my > 130 GeV : H > WW®, ZZ® dominate

[ best search channels at LHC: H —» ZZ® — 4| (gold-plated), H - WW®[] v |v

Especially in the region m,,<130 GeV, excellent detector performance needed:
b-tag, ¥ E-resolution, y/j separation, E;™ss resolution, forward jet tag, etc.
[0 Higgs searches used as benchmarks for ATLAS and CMS_d_et_ecto_r de§ign




H -ZZ* - 4,10 fb"!

S‘ [T T T T T T T _]
S [ Hozz o4l ATLAS preliminary, |]
w 10— selections not u
r . Il Higgs imi a
g - ttgg optimized .
¢ 88— EZbb —
o[ W2z .
st =
41 ATLAS B
2 ]
I
% 100 150 200 250 300
m,, (GeV)
2 24F
§ 221
€ 205 W Higgs
3 18F -
> 460177
s 14Ot
& 12E[]Zbb
- E
Gold-plated channel at LHC 5 5% | CMS
(~ background free ...) g .k
@ =
®© oF
S E PP
E % 50 100 150 200 250 300 350 40C
= 4 lepton invariant mass (GeV)
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% T s
- o ATLAS, H - vy
E E 100 fbt
o 2 oo It will need a perfectly
M s . understood detector in
5 terms of photon
- B o sy identification, calorimetry,
:Lﬁj | tracking, ...
- L ﬂ_p.f; \‘?}_p;
o, ~ 1.4 GeV
105 1730 mﬁ [G:\,-?;E 105 13 m-rr [EE\,-I;S
BG dominated by
irreducible 2010 ?

components

Freeceer ﬂ
;;m
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Needed [Ldt (fb?)

10

10

LEP exclusion

Combined ATLAS + CMS discovery potential

- Luminosity required for a 5¢ discovery or a 95% CL exclusion -

~5 fb! needed to achieve a 5o

per experiment

— 5o discovery

-- 98% C.L. exclusion

* ATLAS + CMS §

preliminary

discovery

(well understood and calibrated
detector)

~ < 1 fb! needed to set a
95% CL limit
(low mass ~ 115 GeV/c? more difficult)

comments:

- present curves assume the old ttH,
H— bb

performance
- systematic uncertainties assumed to
pe luminosity dependent

J.J. Blaising et al, Eur.-8frategy werkshopao

Freeceer

500 o000 700 80090000

(no simple scaling, ¥ L, possible)

my (Ge Vi)
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Perhaps we might find the
Grail(Higgs)?

Galahad aka ATLAS
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* We all expect/hope that LHC will revolutionize
field.

e Recall J/Psi, charm, tau......

* T was in high school the last time we had a
comparable leap in effective energy: DONT BLOW
IT!

* Come back for the 2009/2010 when one of you will
be trying to explain what LHC has seen
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Additional Material



HCEb

M M3
Masnet SPD/PS HCAL =
= T3 RICH2  CCAL
\\\ \\\\% \\\\\ ) M1
RICH1 \\ \\\ \\\ \\ u!
\ WA \ \\\ \
..... o — \\ \\\\\\ \
Vertex :
Locator _ [~ ' * —e——"

i e 4:\—:,‘ ¥///

= = i PO=S=r—r o
‘E? Qé‘r TQ}J / ! H H o
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ﬁ; Lt J (\ /// 7 ,/ .Q
...... P ! /////// ‘
- /// / /// // | ..; ]
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10m 15m 20m z
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[LHCDb 1nstallation
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ALICE

« Infrastructure (large structures, p-absorbers, magnets,..)
installed and commissioned

. Detector Construction

completed: TPC, HMPID, PHOS, ZDC, Muon trigger,
cosmic trigger array

nearing completion: Muon tracking, TOF, TRD, ITS,

forward (VO, TO, PMD, FMD)
« critical path: Silicon Vertex Detector (ITS)

. Detector Installation

precomissioning of all detectors on surface,
started

Installation:
* Muon Spectrometer: June 06 to March 07

 Central Barrel: Sept. 06 to April 07
Installation after summer 2007: parts of TRD,
TOF, PHOS
N Durham Tan Hinchliffe 012/18/07
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Bottom and Charm

14 TeV 9200 GeV
Total LHC bb cross section 500 ub 25 ub
Total LHC inelastic ¢ 70 mb 40 mb
bb - u6(5) X 4000 nb 60 nb
bb - n6(5) u3 X 200 nb 2 nb
bb - J/@ (u6(5) p3) X 7 nb 0.1 nb
pp - J/¢ (H6(5) u3) X 28 nb 1 nb
pp - Y (H6(5) u3) O nb 1.7 nb

*) pT cuts for 14TeV are p6 p3 and for 900 GeV pSpu3

For both muons Inl<2.5

EEEEEEEEEEE
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Bs to

Less advantage over Tevatron because cross section rises slowly

Integral | Signal BG ev. | ATLAS | CDF&DO
LHC ev. after | after cuts | upper upper
Luminosity | cuts limit at | limit at
90% | 90% CL
100 pb! ~ 0 ~ (0.2 6.4x103
10 fb! ~7 ~ 20 7.0x10° 8 x103
30 fb-! ~21 ~ 60 6.6x10°
ATLAS

HERKELEY LaB
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LHC dlpoles (the last one
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Measuring Z rates

Need to trigger on either € or mu

Use mass constraint to calibrate both

Measure track effic by starting with good e and e-m energy
Measure trigger effic by comparing to offline

Very rapidly reach systematic limit on cross-section

Statistical Time Time
trig , . unce‘litaint £=~87% £=~60%
¢ - f(N 19N 2) 20% 20 min 2 hours
10% 72 min 8.3
5% 5 hours hours
_ 2
OZ — —> L 1% 5 days 8.6 days
ee
1.87nb =10°'cm=s}
AZ X EZ = 12% (acceptance X reconst.
eff.)
R=2.2 € = 87% (ur single electron
mHz efficiency)
N D)ttt bl bt bR A0




| Inclusive Jets 0<n<3 |

PDF's are constrained by data

=
w

3 03¢ 30 ]
S F —+
w —
g 0.2— ¢ —+ 4 —+
B L —
E L ——
@ - —_
g 01— —
5 = ——t
E - —_—
‘E, - ——
0 = _
: —— T
L I
01— 29 T —+
~ - T, 4+ 4]
C —+
0.2
_ns_l I L1l | L L L I L1l | L L L I L1l I L L L | L1l I L L L | L1l I L
™ 200 400 600 800 1000 1200 1400 1600 41800 2000
pT (GeV)

* Grids were generated for the inclusive jet cross-
section at ATLAS in the pseudorapidity ranges 0<n<1,
1<n<2, and 2<n<3 up to p;=3TeV (NLOJET).

* In addition pseudo-data for the same process was
enerated using JETRAD.

The pseudo-data was then used in a global (ZEUS) fit
) assess the impact of ATLAS data on constraining

DFs:

S
I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

Q? = 100000 GeV?

ZEUS-JETS PDF

+ ATLAS JETS
{1 fh-1, 10% syst.)

i
"

N\,

—
<
&

107

Preliminary indications
suggest that ATLAS data
can constrain the high x-
gluon.

Systematic errors are
uncorrelated, 10fb1=1
year of nominal data-
taking

Freereer m
m
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PDF uncertainties

l/l67 —>W+ —>€+V

dI/_l W SevV

Large rapidity is sensitive
to quarks at large x.

Less well measured now

rrerenerr ﬂ
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* Gluon excitation decaying to
ttbar

* Look at ttbar mass
distribution after top is
measured

Events/40 GeV/3 fb™

700

600

500

400

300

200

100

g*—>tt

D Signal
- Total backg

- Reducible backg

o

0 600 800 1000 1200 1400

ATLAS My (GeY)

‘ |
1600 1800
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W/Z pairs

0 T T T P [ BT B [ N T ]
> 16 cms mzzs ]
@ - = 2e2mu |+
¢ 14- tt D B
o i [ Jeebb ]
o 12 I mumubb B
i E CIWZ 3| ]
g 1% :
T 8 5
Ll Z ]
61 .
at :
2r .

90 75 80 85 90 95 100 1011011!
M(I"* '), GeV/c®

CMS 1 inverse fb
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CMS (Kreuzer)

2000(
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