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e Expectations for 2009/2010
e Extension to 14 TeV
y  LHC & detector upgrades

. There are substantial uncertainties
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=1984: First LHC workshop

(Lausanne)
e Use LEP tunnel for protons

=1992: First ‘expressions of
interest’ for experiments

=1996: First exp'ts approved

»1998: First full-size magnet
test

. »2003: End of civil engineering
¥ =2006: Last magnet produced
=2008: First beam

=2009: First collisions

= Some vital statistics
e Tunnel circumference 27 km

e 1232 main magnets, 8 T field

e Another 7000 smaller
magnets

/ e Operating temperature 1.9K

e Cost: ~4700 MCHF (incl.
manpower)

e Experiment cost: ~500 MCHF
each for ATLAS & CMS (excl.
manpower)







TED events (stop of Beam 2)

First LHC Beam!

Muon tracks cross LHCb in the “wrong” direction

)

SPD (provided trigger)

Spd 2D view 24 (T0) with 1 event (30767,4058,2686)
Entries 99703

Meanx 4925
Meany 8126
RMSx 2013
RMSy 1730

0.

5
LHCD sees tracks from the LHC injection
tests on August 24

-3000 -2000 1000 0 1000 2000 3000

Muon chambers

VELO
(Run 30933, Event 14)




First Beam on 10 September

VO hits on 10.9.2008, shortly after 9 am

On 10 September,
collimators 140m upstream
of each experiment closed,
as first beam sent around:

5 “beam splash” events



=
— ~2.10° protons on collimator ~150 m upstream of CMS
ECAL- pink; HB,HE - light blue; HO,HF - dark blue; Muon DT - green; Tracker Off

w First Events: Collimators Closed

6 " ringham), 3 March 2009
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first beam event seen in ATLAS
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Beam on Turns 1 and

= 2 [l
File Tools
2 P © < M ®Sep 10 10:26:13 SPS - LHCFAST2  CNGSS - 03
rSelection rLHC.BTVYSLCSL2.B1
Device:; LHC.ETVSLASRS.E2 - - - . . . o
. . . I— (1 of 1 acquisitions) Cycle: LHCFAST2 SC Mb: 700 Date: 2008/09,10 10:25:28.197506 |2
LHC.BTVYSLCSL2.B1 = .=
LHC.ETVSI.CSRE.E2? | rImage rHorizontal projection
LHC.BTVYSS.6L2.B1 20 Mean = - mm] Legend
LHC.BTVSS5.6R8.E2 ma = 20,61 [mm ;_ﬁaﬁlé
LHC.ETVYST.A4LZ2.E1 30004 Amplitude = 64470 [au.] Fit | .I
LHC.BTVST.A<4R8.E2 — / \“’]\
[ad s sl ol m Wl =k WaTakal il { l
15 - —
rStatus 3 2500
Device: LHC BTWSI.C5L2.BL E i
g 2000
Status: Ok = /_\l.
Mode: CIFF 10 E 1500 - I,-' :
Y
Control: EEMOTE {
|
-Setting 1000 J
rBasic I/Ad\ranced rE:-cpen | 3
500+
T T T T T T T T T T
A -25-20-15-10-5 0 5 10 15 20
A . - Image X [mm]
Acquisition Type: |0ne extraction |v| E
o = 0 (16.6148, -0.4876, 3196) *— ~Vertical projection
Acquisition Number: |1 |v|
2600 Tegend
Camera Switch: |0N |v| — Profile
— Fit
Screen: Al || = 2500
Filter: out v _
S -
Yideo Gain: |:~: 1 |v| " 2400 .
@
Lamp Switch: |0N |v| “10 E g I || “‘L\\
bk = | ¥ ‘.I
First Lamp: 300 my 5 |
vy 2200 | A
Akd _15 || || \
Second Lamp: 160 nv s100 4 |
vy S—— l;'
Motor Enable: |enah|e |v| . . . . . . . . . . . . . . . .
i -25 -20 -15 -10 -5 1] ] 10 15 20 -15 -10 -5 0 5 10 15 20
Hardware Reading: ‘ #3 ‘ X [mm] Y (mm]
Acquisition Type: One extraction Camera Switch: RAD ON Screen: Al YVideo Gain:x 1 First Lamp: 299
Acquisition Number: 1 hire: OFF Filter: OQut Second Lamp: 159
| D Acquire H [B> start Monitoring ‘ [] Continuous Saving |

|w.-25.-32 - Dane.




10

) DPO7254 Acq MR Time 4CH v

File Edit Wiew Project Operat

(= 1@] @ | 13pt Application I;nt v_” o I

o] 5]

[H3 Mountain Range|

0.0 Z.0n 4.0n 600 8.0n

10.0n

12.0n 14.0n

16.0n

e Tt S M o A TP e A AT AT i |

18.0n Z0.0n Z2.0n

Choose Channels to acquire: |

cHi|  cH2|  (cH3| chd
off | ore 11 on
File Inde: For next Save|

Filename of actual data

CH3 INVERTED!!!

_OFF

Pake:

First Trigger
Time between Traces
10 Turn

Mulkiply Daka with
Scale Factor {d

Min Estimated Bunch Length

S
Bunch Length  at Position
Plati | .00 RBEZ |
Trace
Separation DrIrBE i
selec
$h.300

@ Scope released

25.0n

Bunch Length CH3

at Position 2

oy
erllore acquisition;)

E with cable
without cable

EOo0.00m |

0.00

T

ningham), 3 March 2009




[zl DPO7254 Acq MR Time 4CH with C)

File Edit Wiew Project Operate Tools  wwindow  Help

=] 1@1 IE | 13pk Application I::unt - ” Emvl

T~ || -5+
CH1 INVERTED!!!

CH1 Mountain Fangs| Choose Channels ko acquire: |
W e o e
W (on) or) ore) o
W File Index For nesxt Save|

sk01
Filename of actual data
First Trigger
ﬁ ms |
Time between Traces|

1 Turn |

Mulkiply Diaka with
Scale Factor (dB)
|

I
Bunch Length at Position Min Estimated Bunch Length
E.14n | [13.45n | Zfn |

Trace !
Separation &%ﬁ%%ftboé—llbre acquisition)

+[1.000 E
@ Scope released

with cable
without cable

0.0 200 40n 60n &0n 1000 1200 14.0n 16.0n 18.0n 20.0n 22.0n 25.0n arch 2009

B -




Timing of all TRT readout channels 600
could be performed with accuracy of
~ 1 ns per event! Differences in

colour due to cosmic timing:

200

Top: early Bottom: late
pasngL_¢ BaREELN | pnocar_c | pnecar_a| /
31,00
_..L.aq ""E., g, .01%

-.:_Fl\. w.! .;_|.I &7 L e, e N
Che LY ::r."....._h '1-': I T T

2D display in n—¢ of energy deposited in
LAr EM calorimeter per cell (layer 2):

o structures seen are due to material
between collimators and calorimeter
(mostly 8-fold structure of end-cap toroid
coils)

* energy seen per event is huge!




Commissioning with 2008 Data

Very much use of data that are ava

- Cosmic rays = .’!15 ¥ 5‘
e Splash events - R ; F"rl"-..
» Single beam : i
~ L] ‘éﬁ;h
Many months- of cosmlc rays -

« Detector allgnment equqal:{y 1

and central tracking systems
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> Atlantis

Cosmic-R Evns

Dave Charlton(Birmingham), 3 March 2009




Example: CMS Electromagnetic Calorimeter
A “De

Barrel ECAL clusters matching muon tracks
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Using Cosmics

>200 million cosmic ray events

since Sept >

See transition radiation turn-on
with u !

Pixel detector alighment

o

S - o Aligned geometry i -
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Several hundred million cosmic events taken in various
detector configurations before the first LHC beams.

Last updated: Mon Oct 27 16:04:45 2008

216 million events --------—
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LHC Incident

Interconnect busbar between superconducting magnets developed a
significant resistance at a splice

No quench protection system covering the busbar splices

Heating, followed by rapid loss of helium into vacuum
» Soot in the beam-pipe
* Collateral mechanical damage to more distant magnet interconnects
« Around 50 magnets being repaired/replaced

Dave Charlton(Birmingham), 3 March 2009
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Next Beams in the LHC?

Chamonix 2009 LHC workshop 2-6 February

Ongoing work to protect against problems from small splice resistances

“Since the incident, enormous progress has been made in developing techniques to
detect any small anomaly. These will be used in order to get a complete picture of
the resistance in the splices of all magnets installed in the machine. This will
allow improved early warning of any additional suspicious splices during
operation. The early warning systems will be in place and fully tested before

restarting the LHC.” - Rolf Heuer
Full quench protection system will be installed before next LHC operation

Additional measures taken to vent He rapidly to avoid collateral damage in
the case of an incident
* Two different levels of protection in different sectors of the machine,
equip full machine before going to 14 TeV

Decided not to warm up the whole machine now - should ensure operation
with beam in 2009 - but only from the autumn

Dave Charlton(Birmingham), 3 March 2009



A 2009/10 Shutdown?

Repair and protection work allows first beam injection at end of
September according to current schedule

Baseline schedule if no running over the winter...

Year 2009 2010 ~
Month  F MAMIJ J ASONDPI F[MamMI J As onN]o
Baseline shutdown su shutdhwn (Reliefv) [su [ R

24 weekd physics pospible T |

* Allows very limited physics in 2009/2010 (24 weeks)

« Any slip of >1 month in the repair will delay first LHC physics till
August/September 2010!!

* Repair schedule has no contingency (some suggestion for 4 extra
weeks)

Alternative plan developed now, to run through the winter months

19 Dave Charlton(Birmingham), 3 March 2009
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The 2009/10 LHC Run

Year 2009 2010 T

Month F M A M J J A S O N ) FIMma mi 3 A s o N|D 1 F M

Baseline SH SH SH SH SH SH SH SH sH |sH sH sH su [su |EEICHIERIEERCH st SH| sH
24 weekdq physics posgible o i — T

Base' SH SH SH SH SH SH SH SH |sU SH SH SH|SH |
44 weekd physics posgible T B

Gain 20 weeks of physics |n 2010 |by running during wintgr months
HIGH price Electricity
Delay(4W) SH SH SH SH SH SH SH SH SH sU SH|SH SH SH|sH
Delay(8W) SH SH SH SH SH SH SH SH SH SH U SH SH sH|sH

Further delays (eg 4 or even 8 weeks, above), would have a relatively

minor impact

Annual maintenance (infra-
structure, injectors),
electr1c1ty COSt m——

I |ﬁ:lay s Operation

1

), 3 March 2009
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The 2009/10 Data Sample

Energy:

10 TeV centre-of-mass energy for physics
« 8 TeV “on the way” to 10 TeV
 Small data samples at 0.9 TeV (injection energy) and perhaps 2 TeV

(mainly for earlier timing-in/commissioning of detectors)
Luminosity:
* 5x 10" cm™s™” to 2x10** cm™s™" peak

« With 200 days and 10% efficiency ~200-300 pb
e Quite a large uncertainty...

In the range 100-500 pb™' ?

Dave Charlton(Birmingham), 3 March 2009



LHC Commissioning

Note - pre-Chamonix plan (July 2008) - LHC-OP-ES-0011

Stage A | Pilot physics run Physics aim 43x43 bunches; maximum 31
: — 5x10
156x156 bunches; no crossing angle
Stage B | Intermediate physics run Physics aim 75 ns bunch spacing;
possible initial physics aim 96x96
bunches (bunch intensity 1 x 10" N 1032

protons); maximum aim 936x936
bunches (maximum 9 x 10'° protons
per bunch). 250 prad crossing angle.

Stage C | 25 ns runI Intensity per bunch 5 x 10' protons
(initial 1 x 10'%); physics aim 2808 x
2808 bunches. 285 prad crossing
angle.

Stage D | 25 ns run II Push towards nominal performance

Chamonix favoured 50 ns operation in Stage B

Dave Charlton(Birmingham), 3 March 2009



Bevond 2010

Between 2010 and 2011 operation, there will be a need for a long shutdown
e Equip remaining sectors with full pressure relief system (warm up
remaining sectors)
* Train magnets to higher energy, quenches expected:
« To 6 TeV, estimate ~10 quenches
« To 6.5 TeV, estimate ~80 quenches

For nominal luminosity of 10**, additional collimators need to be installed
around experiments - in 2011/12?
Not for 09/10, but...
200 days at 10> cm™s™"and a 60% efficiency ~ 1 fb”
200 days at 10°° cm™s"and a 60% efficiency ~ 10 fb
200 days at 10** cm™s"and a 60% efficiency ~ 100 fb™

In the “annual” running scheme, perhaps 120 days per year

23 Dave Charlton(Birmingham), 3 March 2009



Physics Commissionine

PpP/pp cross sections

First collisions: work to establish detector
and trigger performance, measure Standard
Model processes

* Min bias - timing in, tracking &
calorimeter uniformity & performance

 Dijets - calorimeter uniformity, jet
uniformity and inter-calibration

* v-jet - photon ID, jet energy scale

 J/y - uID, tracking performance (e ID)

e bb - lifetime-based b-tagging

« W/Z - e/u ID, resolutions, efficiencies,
T ID (in time), missing E,

« Z+jets - jet energy scale

* Top - many things, once we have
statistics...

You will need to be patient - this will take
_some time...
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Recent Summaries

CMS “Physics TDR” 2006/7 ATLAS “CSC book” Dec 2008
Vol | : CERN-LHCC-2006-001 Expected Performance of the ATLAS
) Experiment
Vol Il : JphysG 34 (2007) 995-1579 Detector, Trigger and Physics
Vol Il : JphysG 34 (2007) 2307-2455
CERN-OPEN-2008-020
arXiv 0901.0512

Both cases:

Comprehensive reviews of physics
capabilities, mainly for first years
of LHC operation

25




luminosity ratios

26

10 vs 14 TeV?

1.0 ———rrrry S —

| ratios of parton luminosities

at 10 TeV LHC and 14 TeV LHC

0.8 - James Stirling
0.6
0.4
0.2 |

| pdfs: MSTW2007NLO
N ———

3

10° 10
IVIX (GeV)

At 10 TeV, lower cross-section
for high mass objects due to
lower parton luminosities...

Below about 200 GeV, the
suppression is <50% (process
dependent)
e e.g. tt ~ factor 2 lower
cross-section (still 50x
Tevatron)

Above ~2-3 TeV the effect is
more marked

Vast majority of studies done on
I/s=14 TeV capabilities

Dave Charlton(Birmingham), 3 March 2009



Calibration and Alienment

Much work to be done before physics, building on:

e test-beam
e calibration and alighment systems
e cosmics taken last year & this year

Initial Ultimate Samples
e/y E scale ~2% 0.1% Z—ee, J/y, T©°
e/v uniformity 1-4% 0.5% L—ee
jet E scale 5-10% ~1-2% W—jj in tt, y/Z+jets
tracking alignment 10-100 um <10 um tracks, Z—uu
muon alignment few 100 um 30 um inclusive u, Z—uu
Ewoo;—' 0 R A [ T | L I :
Early data very important: g
e tracks for alignment & 500%1-7-1 1 o
« azimuthal asymmetry for calo. . —
uniformity i I I
« conversions for material assay -—%’JI I
o -1000{~ s i .
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Missing-E_

Challenging to commission:
» dependence on all calorimetry, even FCAL 0
* modelling of crack regions, eg \ <
. S
 machine backgrounds, etc ahiadl S
— e ——— —| FeAL ——
ATLAS studies shown here NN
Detailed studies ready for control samples e _
of data... N
" =i el P
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Minimum Bias

Early measurements - need
tracker alignment, efficiency
and material, to be understood

Challenge to extend tracking to
low p_ (high B-fields at LHC!)
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Huge statistics very fast, especially in
up channel
e important standard candle for

commissioning

107

ATLAS

6 pb’

Prompt+indirect

6 08 1 12 14

Pseudo-Proper time (ps)

do/dM [nb/(100 MeV)]

2 3 4 5 6 7 8 9

0=

! L
[]bb—p6udX :
I Direct onia -
B Drell-Yan
Bkg w/o F R
vertex cuts 1§ -

ATLAS preliminary

10
Mass (GeV)

11 12

With 1 pb” could already measure

R = 6(bb->J/v)/c(pp->J/v)

with <5% statistical precision

provided: muon trigger working;
tracking understood well enough



2
d u:n’cl'quTI11 o (nb/TeV)

Ws= 1.8 TeV

\ Tevatron

- ]
QCD-LO, p=E 2 3

CTEQ4M ?

-~ -~ CTEQ4HJ 3
eeio. MRST 4
10 events 3
with 100 pb-! 3
E

We= 14 TeW 13

|

1

]
E,. (TeV)

Huge cross-sections

Very rapidly sensitive beyond
Tevatron at 10 or 14 TeV

Main experimental challenge:
jet energy scale uncertainty
e y-jet, Z-jet events
- E_-balance in dijet and

multijet events

Dave Charlton(Birmingham), 3 March 2009
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d cr/dndETI11 o (nb/TeV)

Jets - p_ spectrum

. . 21 _
Inclusive jet p_ spectrum - sensitivity Lcanmct—F((]Ly 4:(q.y.u4;)

e.g. to contact interactions

10 pb™" - sensitivity beyond Tevatron reach A*~3 TeV (Tev. limit 2.7 TeV)
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Fractional Difference from QCD

New Physics in Dijets

Other sensitive distributions, such as:
« dijet mass
 dijet ratios, e.g. N(|n]<0.7)/N(0.7<|n|<1.3)

& 12 ——acD
I v 11E . | = Spint->qqw/ =0’
0sk q- signals for = "E 100 pb — Spin1/2->qg (97)
- M=07, 2, & 5TeV E 1:_ Spin2->q §,gg W/ 5., =q"
0.6 = L
- ~ 0.9
0.4 o S
B = 0.8
M'_Jﬂﬁ il Iji Tor
0 [-etfmenimne=sli 221 ] h } \[ A == g 0.7 r
B [ C
0.2F | I ‘ " 0.6F ffﬂ:
04l QCD Statistical p Y "1 :_=J1-' Eaamn
- Errors for 100 pb - II|||||H
*oE 0.4F
C . - CMS Preliminary
'O'B__ CMSPrellmlnary 0 Covvobvvv v b Ml an 1 I
C | | | | | 30 1000 2000 EI}UU 4UUU EI}UU EUUI}
0""7000 2000 3000 3000 2000 000" 7000 DiJet Mass (GeV)

Dijet Mass (GeV) L. . .
Sensitive to spin of a high-mass

100 pb™' at 14 TeV: sensitive well resonance observed
, beyond Tevatron limit at 0.8 TeV

Dave Charlton(Birmingham), 3 March 2009



Clean selections anticipated: excellent lepton ID

?500:|||||||||||||||||||||||||||||||||||||: %1EOO:IIII!IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII§IIII:
%DDD:_ / —ete ATLAS _: (D 1400_ CMS Pr_e"mI_nary .’ Ld_t 10 pb : ]
S - 50 pb'1 50 pb? 2 = B
335[][]'— I Extrapolated Backgroud ~ 1200k : :
- I Signal e "‘U“J‘ B : : W — ev
e Il QCD MC stat (x50) w
EDDDE stat (x 50) E % 1000 SlgnaI+Bkgd o
1500 = >
- . L 500
1000 =
= . 600
000 3
E l A SERGEE i, E 400
00 20 40 60 80 100 120 140 160 1éﬂ EDD -
Invariant Mass Mee (GeV) -
200
25k Z —ee for 50 pb' at 14 TeV 0 10 20 30 40 50 60 70 80 90 100
Quickly dominated by systematics . (GeV)

Initial precision of W/Z cross sections 4-5%

34 Dave Charlton(Birmingham), 3 March 2009



Top (t%) cross-section at 14 TeV ~ 850 pb

Cf Tevatron ~ 7 pb NLO + corrections . q
3 F ' E ._
g r . W
o — . . —]
o 200 ATLAS preliminary b
2 150f- 100 pb™”" bbgquv 1
E L
- B
..E 100:— | — e, 1L W
g 5{]:_ 3 // b
2 i o
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M, [GeV]
Invaluable channel for data-driven =
calibration S
* can select without b-tags % o
e commission b tagging 2 0
e general performance E 100 e—
oo SN : 2 b pbr
cahbrate the light jet energy scale with 97" Clear W peak
W_)JJ ! 40 Gl Al LKL 120 4

Cross-section about half at 10 TeV M, (GeV)



Simplest New Physics Signature?

ATLAS preliminary Z' S ee
3 [ ATLAS ]
o [ 1 fb i
2
£ 1 =
h el — o r—
IS - . y
o a e
7] —
1 3
10°F 5 | @
= & Q
u ] c
i 1 1E .
102 E =
———1TevV Z , - parameterization 1l KE
- —— Drell-Yan - parameterization .‘\*ﬁ-..\ ]
- T 1TeV Z' - ATLAS simulation T
|l | | ‘ | | S e e | | I I | | iz 5[ | 1111 ‘ | B [ l (1 . 10.2
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Z’ Discovery potential

| i ]
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e H
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« Z' mass peak on top of small Drell-Yan background

« with 100 pb-' large enough signal for discovery up tom ~ 1.5 TeV in
sequential SM 6(10 TeV) ~ V2 o(14 TeV)

 current Tevatron 95% CL limit ~ 1 TeV

« ultimate calorimeter performance
« ultimate reach (300 fb") ~ 5 TeV

not needed
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iz

It

N WTauMu

I Photon.Jets
T ach

I WENu

] WprimeEMNu1000
] WprimsENU3000
] WprimeENUS000

G
CMS Preliminary M; [GeV]

Luminosity [pb™]

10¢

10°

10

10

 sequential SM-like couplings to fermions
 characteristic Jacobian shape in transverse mass distribution

 techniques to measure backgrounds from data being developed
 current Tevatron 95% CL limit ~ 1 TeV
« discovery sensitivity up to ~2.2 TeV for 100 pb™ at 14 TeV

37

Discovery Sensitivity

WO. S¥S. errors

MS F’reliﬁ‘nirmr"-,r _I = W 55"'5' errors

2 3 4 5
m,, [TeV]
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TeV-Scale Gravit

Black hole production and evaporation (CHARYBDIS) in ED model
Assumption: only SM particles from evaporation; valid only for M_ >> M (D-dim. Planck scale)

— High multiplicity of high E_objects, e.g. 4 obJects w1th p >4OO GeV

o E
:>: - ATLAS “BH n=2 E
810°4 ob l - onerea | 3
S10 = (0] ]eCt se ectlon ......... N Other BG 3
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£10°£-100 pb’ y
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10% . e =

= 50 d]SCOVGFy sens1t1v1ty 3
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SUSY - mSUGRA

~

X
J" 1

QCD production of squarks, gluinos - E_™*
signatures

Jets + Eqmis

=2
(<
(<)
o
o
.'_.
-

® all BG
o {t

oW
z
QCD

2

e =

e — —a—

events / 100pb™
2,
[T ||||||

10

T
h Y

Preliminary _,—

cl

Ll | Ll | | 1 | Ll
100 200 300 400 500 600 700 800 900
Missing ET [GeV]

Need to understand whole detector well
to rely on E ™

. i
e

£ B

A
SRR

M

s a
il
feria

— problem will be to know if an excess

is real, and what it is...
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SUSY - mSUGRA

Extrapolate from fully <

simulated benchmark points © 1000¢
to other regions of )
(m, m__, tanp) E:: SGD"

Reach for squark and gluino masses gog|--

using 4-jets+0-lepton channel:

0.1fb" — M~ 750 GeV T SR ]
1fb' — M~ 1350 GeV 400 - =
10 fb' — M~ 1800 GeV S -
_: :"i"_i_. J"'ﬁ,‘ (1.0 Tev)®, |
Sensitivity rather quickly at/above 200/~ -'I‘z_ .. :\‘ "7"." S R LT T
Tevatron limits via channels with i a0 T____f*,; P e s
leptons g |* - *l‘: g J i :noewsa

N | % 500 1000 1500 2000 2500 3000
Should be sensitive for discovery m, [GeV]

beyond current Tevatron limits with
100 pb* at 10 TeV

40

& ! -! I I | I I I T | I I I I \l I 1 I I L
i LsP A TLA S \
giz0TeV) g4 dlscovery
MSUGRA tanp =10
G{1.5 :l_u )

4 jets 0 Iep{on
ssuuns 4 jets 1 lepton

-|||-|-|-"1- je_t 3 IeptDnS

1.irTe

' q(2.0 TeV)

-|-‘|'ll__ 4 jets 2 IeptonS 0S

¥

See next talk for more on SUSY prospects...

Dave Charlton(Birmingham), 3 March

2009
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L0000
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Decay - strongly dependent on m,

. low m, - bb dominates

e 17, Yy also important
« highm, - WW/ZZ dominate

Wide mix of search topologies

Note that ttH—ttbb dropped in combinations - too
41 high uncertainties on backgrounds

M Higgs Search

Production mechanisms (examples):
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SM Higgs with 200 pb' / 10 TeV?

Tevatron Run 11 Preliminary, L=3 !

At10TeV, m =160 GeV (f=e/p): & | o Expeced

« o(gg—H) ~ 10 pb g —— Observed

» 0.BR(gg—~H->WW-tviv) ~ 0.5pb - | +lo

+ 6.BR(gg—H—ZZ—4t) ~ 0.04 pb g O F 20
Small luminosities - WW >
channel dominates (stats)
Experimentally difficult - need to 1 : |
understand backgrounds from data 155 160 165 170 175 180 185 190 195 200
(W+jets, tt, single-top) m, (GeV/c)

Only 95% CL exclusion is
accessible with such
luminosities - similar sensitivity
to the Tevatron in 20107

Discovery sensitivity requires
1 fb™' or more...

Dave Charlton(Birmingham), 3 March 2009
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SM Higgs with 200 pb' / 10 TeV?

Tevatron Run 11 Preliminary, L=3 fb !

At10TeV, m =160 GeV (t=e/u): & | e Bgewed
« o(gg—H) ~ 10 pb g —— Observed
* 0.BR(gg~H->WW-iviv) ~0.5pb - | tlo
« 06.BR(ggoH—-ZZ—4f) ~0.04pb T} 20
N
Small luminosities - WW >
channel dominates (stats) ] CMS Prefiminary ‘
Experimentally difficult - need to = I T ] 2
understand backgrounds from data L wl H WW/ZZ Channels L 1 fb _§
(W+jets, tt, single-top) o ‘§
o i
Only 95% CL exclusion is o =10 TeV Bayesian £
accessible with such 5 o 10 TeV CL, k&
luminosities - similar sensitivit] 1 :
to the Tevatron in 20107 o . = - o £
Discovery sensitivity requires 4
1 fb™' or more... » | _e_14TeV Bayesian fe
o 14TeV CL_ §
o 120 140 160 180 200 °
CMS AN 2009/020 m,, (GeV/c?)




e — H—ZZ"—4¢

140 — CMS full simulation, L=10fb" —*— Signal+Background
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SM Higgs Prospects

Discovery
significance —
— 10 T . 13 ._D i T T T 1
'3 e i .- i
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Statistical method 5
less reliable O

. eg e -1
ATLAS: 5o sensitivity at 2 tb Not all channels included - for the most

over 143-179 GeV complex channels we need to measure
backgrounds with data
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SM Higgs: Low Mass Region

Exclusion: not what we want, but relevant at start...

Combined Exclusion CL

— 10
a 0.98
> 9
7 0.97
g 8
= 0.95
3
7 10.93
6 10.90
5 10.85
10.80
4
10.75
3_
0.70
0.62
0.55
0
110 115 120 125 130 135 140
mH[Ge"u‘]

ATLAS: 95% CL sensitivity from 115 GeV with 2 fb™

Low mass region remains difficult N
Dave Charlton(Birmingham), 3 March 2009
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SM Higgs with 30 fb'

Significance
o

CMS, 30 fb" .

—e— H—yy cuts
—#— H—=yy opt
H—=ZZ—4l 1
—s— H-WW-2|2v
qqH, H=WW—hjj
—e— qqH, H—tt—=l+jet
qqH, H—yy

300 400 500600
M, (GeV/c®)
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SM Higgs Mass Precision

H—yy and H—ZZ""—4f dominate

- b
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Statistical precision <1% over a large mass range for
30 fb' - systematics should not dominate until
integrated luminosities larger, ~100 fb
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Peak Luminosity {x 10734 /emn2/s)

LHC Upgrades

12

Phase-1:
10 e
Machine:
8 * Injector upgrades
Phase-2: to 10°° * New inner triplets

6 (focussing magnets
. / at experiments)
/ i—i—i

, Experiments:
e Pixel det. upgrades
“WewPhase-1: to 3x10% over ~4y (UPS
O Bl | | [ | | | | | | | | | | | | | | * MOdeSt tr]gger &
S © ofd O 3 O O O 5 O 30 oo o o O readout upgrades
O P R P PR R PR R RPN NN NNN
O o N -~ (Un BN O] ~l co O (] ol N w ~ U

Timescale is optimistic -
Nominal lumi not adjusted for LHC
10°* cm™s? incident delay
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LHC Upgrades

Integrated luminosity profile

Being re-assessed after LHC incident
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Phase-stLHC

“Super-LHC” ~ 20177 E
Luminosity ~ 10* cm™ s™ =y
10 x pre-phase 1

300-400 evts / beam crossing

Machine:
e Various scenarios, mainly
increasing current in each

bunch

Experiments:
* Tracker replacement - need
> 1 year shutdown
* Many readout electronics and
trigger changes



SLHC Physics

Depends what we find at “LHC-|”
A couple of examples...

Higgs self-coupling...
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Summar

Long programme over many years to explore
the full physics potential of the LHC

Start to have better estimates of the energy and luminosity profile -
but this is still an almost completely unknown machine

The experiments are ready, and have had months of cosmics to
understand and tune

The start-up will be cautious, and the performance in 2009/10 will
have to be seen

This is the start of the >20-year operation of this new machine

Discovery sensitivity will start in 2010, and keep extending

54 Dave Charlton(Birmingham), 3 March 2009
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