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2009-2013: deciding years

Experimental data will take the floor to drive the
field to the next steps:

m_.HC and Tevatron results

m0,; (T2K, DChooz, efc..)

mv masses (Cuore, Gerda, Nemo...)
mDark Matter searches

mRare decays

mAstroparticle expts
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Preparing the next steps

m More globalization

m More (coordinated) R&D on
accelerators and detectors

m More synergies between Particle and
Astroparticle Physics

m More space for diversity

G TWEPP 2009



Our agony and ecstasy: the LHC

m Status

m Schedule

m Commissioning plans
m Early Physics

m The future

TWEPP 2009



The LHC repairs in detail

54 electrical interconnections
14 quadrupole magnets 39 dipole magnets fully repaired. 150 maore Ower 4 km of vacuum
replaced replaced needing only partial repairs bearn whe cleaned

3,

e

A new longitudinal Mearly 900 new helium pressure 6500 new detectors are being
restraining system is being fitted release ports are being installed added to the magnet protection
to 50 quadrupole magnets around the machine system, requiring 250 km of cables

to be laid
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Number of splices in RB, RQ circuits

circuit splice type fnpalg::; per number of units total splices
RB inter pole 2 1232 2464

RB inter aperture 1 1232 1232

RB interlayer 4 1232 4928

RB internal bus 1 1232 1232

RB interconnect 2 1686 3372

RQ Inter pole 6 394 2364

RQ internal bus 4 394 1576

RQ interconnect 4 1686 6744

total 23912

Mike Koratzinos - Splices update



t

jec

The nQPS pro



Since August

m Start of re-establishment of spares
situation as it was before the incident

m Helium leak (flexible in the DFBSs) in
S45, S23, and S81. All repaired. Same
problem 2-3 years ago.

m Magnet/busbar short to earth in S67
(detected and repaired)

N TWEPP 2009



Sector 5-6 Sactor 6-7

Cooldown
status
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I@ii Strategy for the first LHC physics run

Main strategy in commissioning
establish circulating beams and good lifetime at the injection energy. « Sept. 2008

Chamonix 2/2009 baseline
I month commissioning
10 month proton physics

I month lead ions

August ’09 : Detailed discussion of the knowledge from the 5 sectors measured at warm and the
3 sectors measured at 80 K

All put together and discussed in special LMC meeting on 5 Aug. 2009.

Decision by management - 6 Aug. 2009.

Go in three steps
ecollisions at injection energy 2 X 0.45 TeV = 0.9 TeV

ephysics run at 2 x 3.5 TeV =7 TeV
ephysics run at increased energy, max. 2 x 5 TeV = 10 TeV

Towards the end of 2010 before the winter shutdown : 1st run with heavy ions, lead - lead.
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Next steps in commissioning with beam

* complete the BPM checks (70%H, 30% V done)

® adjust and capture beam 1

®* beam 1 & beam 2 timing

® experiments magnets : turn on solenoids and toroids

* possible to allow for first collisions at 2 x 450 GeV

* turn on IP2 / 8 spectrometers - verify perfect bump closure
* start to use collimators, increase intensity

* check out the beginning of the ramp, ~ 450 GeV to 1 TeV
* QPS commissioning

®* beam dump commissioning

® full ramp commissioning to initial physics energy of 3.5 TeV
* first collisions at physics energy of 2 x 3.5 TeV

® increase intensity and partial squeeze




controlled experiment with beam
extracted from SPS at 450 GeV in a single
turn, with perpendicular impact on

Cu + stainless steel target

450 GeV protons  fimm—

r.m.s. beam sizes 6xy <1 mm

SPS results confirmed :

8x%101% clear damage2x10!> below damage

: _‘- for details see V. Kain et al., PAC 2005 RPPEO18

For comparison, the LHC nominal at 7 TeV :
2102410 8-10'2 610" 2808 x 1.15x101! = 3.2x10 p/beam

V * v K at <oyy ><0.2 mm

over 3 orders of magnitude above damage level
for perpendicular impact




|@§i Beam parameters, LHC compared to LEP

LHC LEP2
Momentum at collision, TeV/c 7 0.1
Nominal design Luminosity, cm2s-! 1.0E+34 1.0E+32
Dipole field at top energy, T 8.33 0.11
Number of bunches, each beam 2808 4
Particles / bunch 1.15E+11 4.20E+11
Typical beam size in ring, pm 200 - 300 1800/140 (H/V)
Beam size at IP, pm 16 200/3 (H/V)
" Energy stored in the magnet system: 10 GJoule Airbus A380, 560 t

= Energy stored in one (of 8) dipole circuits:

(sector) at 700 km/h
= Energy stored in one beam:
20 t plane

= Energy to heat and melt one kg of copper:

the LEP2 total stored beam energy was about 0.03 MJ

1.1 GJ

362 MJ

0.7 MJ
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The CERN accelerator complex : injectors and transfer

protons
LINACS machine circum [m] relative
PS 628.318
TIons
SPS 6911.56 11 x PS
- LHC 26658.883 27]7 x SPS

LEIR

simple rational fractions for synchronization

Beam size of protons decreases with energy : area ¢> « 1
Beam size largest at injection, using the full aperture

. /E " on a single frequency
ator at injection




@ Maximum beam intensity LHC year 1

design LHC intensity : 3.23%10! protons / beam

1st years, limited by magnet quench / collimation Result: Intensity Limit vs Loss Rate 5 TeV

maximum beam loss rate ~ 103 /s fraction or ~4x10 p/s fet5
E ight
T Intermediate
>
Examples for 0.001/s Loss Rate T te+ld | 2
@ E ]
E -
It is really the loss rate that matters above a few ms. So what counts is = c -~ 1
. i : S - (=] = T
the ratio of loss amount over loss duration (short loss spikes are very =] 1e+13 L e i S _
dangerous). We get the peak loss rate 0.001/s from: E e+ § § %\
— 1% of beam lostin 10 s. g i - - = ]
— 0.1% of beam lostin 1 s. T
— 0.01% of beam lost in 100 ms. Te+12 E— e
0.0001 0.001 0.01
— 0.001% of beam lost in 10 ms. . -1
Peak Fractional Loss Rate [s™']
Stick with the official loss rate 0.001/s from now on, adding some
evolution. better worse
« Assume 0.002/s is achieved in the first year of LHC operation at 5 TeV, Ralph Assmann &
as shown in following slides.
# bunches : nominal is 2808 bunches, 25 ns spacing
Ralph Assmann 21

LHC year 1: Important to go in small steps - minimize beam losses. Max. total intensity at 5 TeV roughly ~

1/10 nominal.
start of physics run : 1< 2%10'3 p with intermediate coll. settings
later : I<5%10"3 p with tight coll. settings.
3.5 TeV intensities could be a bit higher - details remain to be worked out



Scaling of beam parameters with energy

Baseline beam parameters for Ep = 5 TeV have been worked out, discussed and agreed, LPC 7/5/09
Details for 3.5 TeV still need to be defined.

scale factor 3.5 to 5 TeV
intensity more critical at high E take 1 ; conservative
emittance E-1 1.43
p* ~ E~1 triplet aperture 1.43
Luminosity ~E2 2
beam-beam tune shift constant 1

Luminosity estimates : roughly 2x less at 3.5 TeV compared to S TeV
this should be conservative and does not take into account that lower energies
are less critical for protection, shorter ramp time and faster turnaround.

Beam-beam tune shift parameter & N £

for head-on collisions depends only r.N 5% 107 0.000163

on intensity ( not energy, * ) {= AT € 4 x 101 0.00130
1.15 x 101 0.00374

nominal LHC : round beams and consten 5, & —

at the design emittance
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Top quark

0 Background to new physics searches — must measure cross-section &
properties in data

0O Expected Tevatron statistics provide a benchmark:

Cross-section statistical precision will then be comparable to other uncertainties

— High-precision top physics will be underway
2000 |

ATLAS estimate Tevatron| +jets w. 8 fb-

~50 pb'@14 TeV would match full
1840 ' ' Tevatron sample
* lose ~factor 2 in cross-section
dropping to 10 TeV
* lose ~another factor 2
dropping to 8 TeV

-
[
o
o

800 -

# events / 50 pb”

400 - Tevatron €€bb w. 8 fb-! | _
Below 8 TeV samples will be rather
0 M small, with a few tens of pb-'

Ecm (TeV)

Catch up with Tevatron with s'2 = 8-10 TeV and ~200-100 pb-' g.d.

@ TWEPP 2009
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Z!

Z': Heavy partner of the Z (SSM)

a Very clean experimental signal: Z'—{

a Tevatron 95% CL limit at m»=1 TeV
AITLAS Ifast s."lmufaﬁlon

. ---m-- ) GTaW 2=, 10 events
—— 1.5TeV Z . 95% CL
% B P 5o discovery

weegens ATV 2=, 10 events

—a— ,0TeV 2—pp, 85% CL

Luminosity [pb ]

4 8 8 10 12 14
LHC center-of-mass energy [TeV]

Needed luminosity for 95%CL exclusion
atm, =1TeV:
s2: 14 —- 10 — 6 TeV
Lumi: 13 — 30 — 110 pb™
i P ' 1_
T@; ZBBM = -
fd ws=h TeV
0 |
g
_-i - o
¥
g
g 1 oo Ve=10 Te¥—
/ - a=14TeV
'
w0 .:
l |

I 12 14 16 1.8 2 22 24
£ mass (TeV)
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SUSY, an example

{+jets+missing-E channel

— Not most sensitive, but will be
usable before inclusive jets
+missing-E; analysis

Tevatron limit currently is 380
GeV in this model (m_=m_)

— plot shows 3 masses above this
We will be sensitive to a region

overlapping with ultimate
Tevatron reach

Below Ecm=8 TeV, the sensitivity
collapses

y [fo]

luminosit

10

1075

ATLAS Prefrmmary

56 msmvery
mEUGHA{anH 10 A -'F} ,l.u+

= 400 GeV -
=440 Ge"u"
=480 Ge\f

e m.

ATLAS fESf s;mufarmn B
t L l 1 |. 1 1 L I L | L 1 I L | 1 | L

2 6 8 10 12 14
LHC centre-of-mass energy [TeV]

50 discovery beyond current Tevatron limits is possible with
s12 = 8-10 TeV and ~30-15 pb™ g.d.

CERN
7~
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Higgs 95% CL at LHC GPD , H— weak bosons, indicative

Combined H->WW + H—ZZ: lumi for 95% CL Compare sensitivity to Tevatron with 8 fb™!
< CMS Prelimi
o . CwsPreliminay (only HoWW— A4 )
E k ogers | 2 m, =160 GeV
3 10 | \ > Mperriw 14 1en | o 10° Tevatron expect 1.90 sensitivity at
2 \\\\ ﬁ - [ m=160 with 8fb’ (one expt)
o A— 2
— ‘N B
O /‘/ g I ~
o . L o
E: forle = KX
o F ; ‘ -
- - =
- ; 4
> I ' T i
‘D 01 E CMS- V_J 2
2 = © E_ dependence from
= o ] | | D 10%- ATLAS G4 simulation of
= 120 140 160 180 200 £ [ ewuvchannel

2 - - assuming gg— H dominant
My (SeVIE) Int, lumi seale ungertainty, s 550%. .
o Energy s2 14 —» 10 —» 6 TeV 4 5 6 7 8 9 10 11 12 13 14
o Lumineeded 0.1 — 02 — 0.6 fo \s (TeV)

o Massive loss of sensitivity below 6 TeV

To challenge Tevatron with s2=8-10 TeV, we need ~300-200 pb' g.d.




Physics reach for BR(B.’> p*p-)

~~
Qo ! ' S
— rk B N S S N B CDF&D0 (2 ") ]
x 4
N
—~
=2 104 !
T ]
3 ]
;I\ = SM prediction R RRIRRR
M~ | LHCb 90% C.L. exclusion limits at 8 TeV' |
~ 1 i '
— 0.0 0.1 0.2 0.3 0.4 0.5
> L")
o
h pa * .
> = 30 observation
N
—~ 107 \**
1 \ *
1 \ \:\ \* * K%
+ ‘o S-~ o e *
- N i I P " D " T o ™
/I\ RS < Wo}@n‘. SR
ocn §-§_‘~l__l__-\'\g-—._;-
N - -
a ] . . DN
~ LHCb observation:potential at 14 TeV
oC
oM

0 as function of integrated luminosity
(and comparison with Tevatron)

At s2 =8 TeV , need
~0.3-0.5 b1 g.d. to
improve on expected
Tevatron limit

Collect ~3 fb! for 30
observation of SM
value




Heavy lons: Flow at LHC

o one of the first and most anticipated answers from LHC

— 2" RHIC paper: , 22k MB events, flow surprise (v
= Hydrodynamics: modest rise (Depending on EoS, viscosj

W flow
-‘hﬂ H UL L I L I T .I UL r L r L I LI LI A
>0.26 HYDRO limits .
0.2
[ 7] BNL Press release, April 18, 2005:
015 “1~| Data = ideal Hydro
" 1 | "Perfect" Liquid
g 7] New state of matter more remarkable than predicted —
0.1 — o EL/A=11.6 GeV, E877 ] raising many new questions
B — @ E_ A=40 GeV, NASS ] - .
D 05 __ i +Eh|""'-"5E' Gey MALD _‘ LHC WI" elther
i - 5 $ oy VE~130 GEV, STAR 1| confirm the RHIC interpretation
C | | | e Wiy "0 G STAK Faia, |- (and measure parameters of the QGP
u L1 1 | L1 1 | L1 11 Lr 1 1 1 1 1 1 1 1 | | | | | | | [ ]| EOS)
0 <) 10 15 20 25 30 39 OR

- (1/S) dN., /dy
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What is the sLHC ?

The sLHC will represent a Luminosity upgrade of the present
14 (7 + 7) TeV LHC accelerator facility

.... With expected collision rates ~ 20-40 MHz for a peak
Luminosity ~ 10°° cm? s or a delivered Integrated
Luminosity of ~3000 b1 or more

SX1X2) = \/(SX) [ “Hard scattering partons” |

proton
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Luminosity road map in 2 phases

L 9
SsLHC
LHC peak luminosity (10**cm-2s)
B  No phase ll ® Phase ll /
fllllllll
fllllll
."ll.
MNew injectors + IR
upgrade, phase 2
LHC

collimation
phase 2

N

Linac4+IR upgrade
phase |

2010 2012 2014 20leé 2018 2020 2022

TWEPP 2009



How will the next few years develop ?

v Through a sequence of long runs alternated to
relative long shutdowns

v" Initial runs to tune and get to know machine
and experiments (7 TeV -> 10 TeV -> 14 TeV)

v Shutdowns to upgrade the energy to 7 TeV
(probably in steps, fix known problems, re-train
magnets,...), but also to increase luminosity and
machine protection (collimation upgrade)

v" 200-300 fblis the integrated Luminosity level
where the pp experiments expect some aging of
the present pixel innermost layer and when new
hardware might become necessary

collimation
2 phase 2

0 —a—=— - New discoveries will
2010 2012 2014 eventually influence this path

TWEPP 2009



Phase I upgrade brings us to end of the LHC mandate

: Linac4 higher performance:
?g:‘;"v _____ @l Linac4 g P
e
”””””””””””” ‘ ~ 7" Space charge decreased by a factor of 2 in the PSB, factor 2 gain in By?
E PSB LPSPL| = potential to double the beam brightness at constant tune shift and fill the

""""""""""""""""""""""""""""""""" PS with the LHC beam in a single pulse

_l2cev |PS nes

21 806GeN. ]
==

v’ Linac-4 approved and construction work has started

V" Allows to increase the LHC current to "ultimate” which is 2.3 times the nominal

v’ New Inner Triplet focusing magnets. Larger aperture, allows * of 0.25m, L x 2 !

v’ The expectation is that these two improvements will allow a ramp-up to 3 x

nominal Luminosity, 120-180 fb* /year

ne

collimation
2 phase 2

u [ .——'.'___ : :
2010 2012 2014

Linac4+IR upgrade
phase |

2016 2018 2020 2022

TWEPP 2009
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Why should we go beyond 600 fb1: sLHC ?

A% 10 times more statistics, is

there a physics motivation
for 3000 or more fb1?

Whatever the decision will be,
in 8-9 years from now the pp

/ detectors will need a major
= R R R B

upgrade; some components
like the Inner Detectors will be
suffering from aging and
radiation damage

2016

2018

2020

2022

TWEPP 2009



Why should we go beyond 600 fb* ?

0 i
2 50 discovery
¥ N e = 95% CL exclusion
]
E
=
L]
o
X
Ll
Lo
L]
o
oy |
6 |§i
-E E i -

g |
= o |
U° |5 CMS+ATLAS
T i
4 .

100 200 300 400 500 700 1000

m (GeV/c?)

Gluine mass (TeV/e?) / (x° x* ) threshold (TeV)

CMS+ATLAS

6 | 10 [ 02
LHC luminosity per experiment (fb~')

With 10fb the LHC will either discover or exclude the SM Higgs and Gluinos up to 1.8-2 TeV.
This probably after 2 years of running at 14 TeV and at 105 cnr?sec’!

Whatever the results will be, we will be left with a lot
of new questions and problems to solve. There will be
no limit to the need of accuracy after that!

TWEPP 2009



Why should we go beyond 600 fb* ?

Fom s

[ . i

&l L] 50 discovery = |

y & - ﬂ y r

b | = 95% CL exclusion £ ° 7

= | £ o0 Exﬁ

E a % Béﬁa"_ ]

il ! .., = o|uc}" -+ -{E‘l“

e 3 = L

ﬁ Ii.' : ; "@"‘“ﬂ : -

| S f - L G Sl .|

v ‘ - - = g,

" = o &et

z - p 5

8 5 _

E =1 ! e A 3 F ion resho!

= 5 g, g ?rndud"

= | "

U4l CMS+ATLAS CMS+ATLAS

T :

- + (R | |
100 200 300 400 500 700 1000 10 | 10 102

m (GeV/c?) LHC luminosity per experiment (fb~')

More particles in the Higgs sector? Is the Higgs boson elementary or composite?
Origin of fermion masses ?

Extend the mass reach of new particles ! Determination of SUSY masses and
parameters !

TWEPP 2009



Precision measurements of the SM Higgs sector

~03
-
= ATLAS + CMS
= [Ldt=300f" and | L dt = 3000 fb™
N B O T[T, (indirect)
I:;-_ I ® O T, /T, (direct)
T 02+
LHC +—> 't\ H—WW/H—ZZ
I \\-
sLHC .
\ E____ "-\..‘__-_ - ______.
01 et
H—)YY/ H—)ZZ
D 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
120 140 160 180
m,, (GeV)

0.8

A(CWTYAT/TY)

04

ttH—yy/ttH—bb s
02 —

ATLAS + CM3
JLdt=
 AA T, JT (indirect)
_ m[ T[T, (indirect)

| @0 T,,/T, (indirect)

I, /T, (direct)

300" and | Ldt =

3000 fb

v’ Higgs couplings to fermions, gauge bosons

v/ Rare decay modes :

H-> Zy (~1073 BR),

H-> up (104 BR)

ﬁ—-——-__ﬁ_._ﬁ_,__—ﬂ \!—ﬁ- E-}E
WH—-yy/H—yy
1&“] I 1%13 20
m,, (GeV)

v" Self couplings A : H -> HH -> WWWW -> Ivlvjjj (sLHC 20-30%)

Vo

TWEPP 2009
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Over part of the parameter space the LHC
should be able to discover two or more
SUSY Higgs bosons

The sLHC should extend significantly the
region over which only the lightest Higgs
boson h can be observed
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SUSY mass reach !

3000
Squark / gluino reach
%’2 CMS
2500 [~ v gMiss jets i
— t
oy
E
8 “ys=28TgV: 100 o7
2000k 3 e
< S
@ e St W) T
) >
v |8 [ssuT
E § [T,
1500 = & R ——
1000 B\s = 14 Tev: 100 1", 200 b
")
Ap=0.tanf =10, u>0
500 | | |
0 50 1000 1500 2000
mg (GeV)

The mass sensitivity grows logarithmically
with the statistics

A factor 10 in Luminosity -> 500 GeV

This will increase the mass reach around

3.0-3.3 TeV at sLHC

S~ M reach ~ 500 GeV

more than LHC

TWEPP 2009



New forces (Z, W’) ?, Compositeness ?

® 3000 b

Number of events
—
=
T

! ! | H H | H
C 1 1

rlEt>Etmin) fh

e'e”and y'u modes
4]  twoexperiments
3 35 4 45 5 55 6 65 7
Mass of 2, TeV

10

The mass reach can be pushed by
~ 1.1TeV to 6.5 TeV

108

108

Lo—®
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Lesson from the Tevatron

Collider Run Il Peak Luminosity
4 00E+32 4 00E+32

3 50E+432 L 3508432
3.00E432 B 300E+32
@
g
% 2 50E+32 L 250E+32 5
=
=]
£ p
E 200E+32 A 200E+32Q
3
- E
- =3
S 1506432 L 150E+32°
o ®
i @
o
1.00E+32 i s 4 1.00E+32
&
= a 4
5 00E+31 5 00E+31
\ A
& ik
0.00E+00 ; —L 0.00E+00

T e e wm e e e e e e e we wm mm g e e e e e e R e e e e e we we w= ee e

The lesson from the Tevatron is that once data are available, the
experimental ingenuity can deliver the "impossible” (M.Mangano)

..but it also says that it takes time

TWEPP 2009



Detector requirements @ sLHC

Detector performance needs to be maintained despite the new environment we will
find at sLHC (pile-up, radiation, ....) ...... in particular now when we don‘t know
anything about the new energy domain

q
f_.,f-f"r High-mass (~TeV Z'W/.. ) can
q .- wz 7 tolerate some degradation;
R backgrounds are low
W, Zscattering:
e "L . . .
q Wz Tl WW scattering (Higgs couplings or
T ; vector boson fusion) needs forward
T . . .
jet reconstruction and central jet
K veto
e P |
< Vertex, missing E;, p; resolution and
g t

| v efficiencies remain important, for
oW many channels of interest
] g . o

. - Electron and muon identification
Eimiss D id , lepton id*, "~ w= fundamental for W/Z, W'/Z', and
'} | SUSY

A g
TWEPP 2009



Detector environment and requirements

)
3
—t
o
—h
o

Inner tracker fluence predictions
at the SLHC, using FLUKA2006.

= Integrated luminosity of 3000 fb™'

} — ovid geometry {(Sem moderator)
,'3

b8
ol R 1015

.IO'H ‘

1 Mev neutron equivalent fluence

5
V;:‘S.‘;‘.k\

0 20 30 0 5

0 60 70 80 90 100

1 4

Radius from beamline (cm)

Minimum bias events pile-up dominated by

the peak Luminosity. Different sLHC scenarios Detector radiation resistance

define the value we have to assume in our requirement dominated by the

design (today’s worst case 300 to 400 pile- delivered integrated Luminosity. Here
up events / bunch crossing). Detector the detector radius and pseudo rapidity
granularity, detector transparency and trigger location (n) are the scaling factors.
strategy will need to be tuned to it 1077 /cn¥ neutrons will be the fluence

at the front face of the forward
calorimeters
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The CERN accelerators complex upgrade

v’ The LHC-imposed beam brightness (N, /&, ) must be present from the
lowest energy on (Liouville’s theorem)

= Beam loss is higher than foreseen:

ultimate beam characteristics (N, =1.7 10" p/b, €,
=3.5 mm.mrad)cannot be obtained.

Nominal N, =1.15 10" p/b achieved in the SPS

LEP/LHC

North Area

= Operation is complicated and involves the
control of many RF systems: risk of drift and of
long duration of repair/re-adjustment

AD . . Grar

= Reliability is uncertain: many equipments ~ are , )
old (e.g. PS magnets) and used at the limit of P e
. . = Est Ar
their capability — \\7} _ S-I e
4 \‘\:
¢ LINAC °
ms-lﬁ
BOOSTER, solbe Lo
e Leir
b p (proton) pP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion -+~ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutrons Time of Flight

b neutrons p neutrinos SPS Super Proton Synchrotron CNGS Cern Neutrinos Grand Sasso



The CERN injectors complex upgrade

v Beam at sLHC injection shall have up to twice the ultimate brightness
(N, =3.410' p/b, &y =3.7 mm.mrad)

= Simple operating mode

= Margin in beam performance

= Margin in equipment ratings

= Advantage of shorter LHC filling time

—
'

Qutput energy

v" Linac4 project has started, ready
in 2014 for phase 1

VIIIE FN PI AN — 1/9C00



Peak Luminosity also depends on the IR properties

N, number of particles per bunch
n, number of bunches
f. revolution frequency

g, nhormalised emittance

B beta
F reduction factor due to crossing angle

—_—»

injector chain

L _ 0,/2
_luminosity reduction factor x\,

nominal LHC

0.8} effective beam
size o->o/F

0.6} |

0.4 crossing angle reduces the luminosity

AND the beam-beam tune shift
0.2}
2 4 6 g 0 10
1 lo. . . .
F - . ¢ =—— "Piwinski angle”

20

_1/1+¢2’ ’ p

beam-beam tune (AQ) shift proportional to
F and beam brightness (beam stability)
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Crossing angle : the LHC solution !

long range =

interactions ‘ crossing angle
v ~~-.
4 @
~30 long range beam beam interaction per IP
N

tune shift would increase 30 times
without crossing angles

To increase Luminosity choose between
head-on collisions, large beam brightness,
minimize transverse emittance .... ora

combination of them ... \ ... but minimize beam

beam tune shift AQ,,
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Several solutions still possible 1!

Large Piwinski angle (LPA) Low transverse emittance (LE)

larger-aperture triplet magnets stronger triplet magnets

50ns, flat intense bunches, 6, o, >> 2 o, Constraint on new injectors, ye~7-2 um

Early separation + crab cavities (ES) Full crab crossing (FCC)

stronger triplet magnets stronger triplet magnets

Dipoles inside the experiments Crab cavities with 60% higher voltage
TWEPP 2009



Full crab cavities : a very elegant solution !

v RF crab cavity deflects head and tail in opposite direction so that collision is
effectively “head on” for luminosity and tune shift

v" bunch centroids still cross at an angle (easy separation)

v" 1st proposed in 1988, in operation at KEKB since 2007

TWEPP 2009



Possible Luminosity Upgrade road map

nominal? make LHCb Increase
and ALICE bunch intensity
transparent (to maximal
1.7-2.4 x 1011)

IR-1: reduce
3*to 25 cm
& increase 0,

50 ns spacing ’ IR-2: reduce
& increase bunch| curent 15N\ |P* to <15 cm
intensity to ﬂ;ited ;;f;‘-‘#ed & install local
5x10"1 flat shape crab cavities N

F. Zimmerman 2009
TWEPP 2009



Luminosity life time

luminosity [1 0 em?s! |
15 ES oj LE Very inefficient way to use the
FCC beam, very difficult experimental
environment at the very beginning

10 PA of the fill, short cycles (5-6 hours)

——

events per crossing

LPA
. il 1 I 400
5 10 15 20 25tim230[h]35 es. Le\bs ns 50 ns
300 or | §pacin pacing
FC
expected very fast decay of
luminosity (few hours) dominated by 200
proton burn-off in collisions
100}
N,n, | | | | |
r —__bb 510 15 20 25 30 35

n,Lo. time [h]
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The solution : Luminosity Leveling

events per crossing

140 | [PA
120 Flat luminosity profile (~80 events per
100 crossing, ~10 h fill lifetime for leveling
80 | with crossing angle
60 | ES,

FCC, Optimize Integrated Luminosity vs. Peak
40} IE Luminosity
20 |

s 10 15 20 25 30 35
time [h]
Luminosity leveling (changing dynamically 8., B* or o, in store to keep

luminosity constant) becomes a powerful strategy to reduce event pile up in the
detector & peak power deposited in IR magnets

Leveling with crossing angle has distinct advantages:
- increased average luminosity if beam current not limited
- operational simplicity

Natural option for early separation or crab cavities
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p-p experiments plans/strategies for sLHC

B Assess and understand which components of the existing
detectors can still be used at very high Luminosity

B Improve detector and background modeling, based on the
real LHC environment experience

B Fully rebuild the inner detectors (tracking), mostly using
silicon technology

B Improve the trigger capabilities to cope with ~ factor 5-10
higher amount of hard collisions, in particular at level 1
(useconds scale)

B Minimize cavern background (new TAS, forward shielding)

@ TWEPP 2009
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Example: ATLAS LAr Calorimeters problems at sLHC

2 types of problems (mainly related to
dose and dose rate):

v" Hadronic end cap cold electronics: radiation
hardness at the limit. Need to measure radiation
levels in situ after LHC turn on to clarify safety
factors!! The related electronics boards with new
preamplifier and summing amplifier IC's can be
replaced without taking the HEC wheels apart, but
requires cryostat opening in situ. More radiation
tests are ongoing!

v FCAL : various problems (dose :10!7-18 negq/cm?)

-Boiling of LAr
-Ion build up between electrodes
-loltage drop over HV resistor

!"!|

FCAL 1

F

AL 2

TWEPP 2009
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The Lar Calorimeters (forward) will need a major rework

Studies and tests under way; if these show
that action is needed, two solutions are
considered:

- Warm calorimeter in front of current
calorimeter (diamond technology?)

-Open cryostat, insert complete new FCAL
with smaller gaps and more
cooling power

MINI-FCAL
LOCATION

All this will require a major shutdown of
about 15 months to operate in the
experimental cavern

.~ POLYBORON
_ SLEEVE

ELECTRONICS
ARRAY

28

TWEPP 2009
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Inner Tracking Detectors

Phase 1:> 300 b1 L ~2-310°cm?si ~ 2014
v’ Present Pixel detector, in particular b-layer will become inefficient

v’ Both ATLAS and CMS plan a major upgrade

+ Two identical half shells

Existing b-layer

+ 1 type of fullmodule only

* Layer 1: R 39mm; 16 faces
+ Layer 2: R 68mm; 28 faces
+ Layer 3: R 109mm: 44 faces
+ Layer 4: R 160mm: 64 faces

+ Clearance to beampipe 4mm

New b-layer

Add new b-layer around a smaller beam Full substitution : 4 barrel layers + 3
pipe, stave structure, 160 MHz readout, disks per side, weight a fact 3 down,
CO, cooling 160 MHz readout, CO, cooling

TWEPP 2009



Inner Tracking Detectors

Phase 2 : > 600-700 fb%, L ~ 10°° cm?si ~ 2018

v" The present silicon and straw tracker will definitely not survive and will
need to be replaced

v" Both ATLAS and CMS plan a major upgrade, needing a substantial
shutdown (ATLAS ~18 months) for in situ installation/integration

TWEPP 2009



Bringing more realism in the layout
(services and supports)

Key issues are:
v' an effective cooling system (~-30 C, CO, .... smaller diameter pipes)

v’ an effective power distribution (serial/parallel power, less copper needed ! )
v’ testing with prototypes the stave concept (prototyping phase just starting)

H
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Trigger upgrade

v’ The goal is to maintain the trigger rates. At 10°° crm?s the single e and u trigger
rate will easily exceed 100 kHz. Increasing the p, thresholds (and using isolation
from calorimeters) will not help much

5 — generator
‘ L1

L2

L2 + isolation (calo)
L3 =
L3 + isolation (calo + tracker)f

t
 * O m e

v’ Still challenging! We have to reject 10 times more” ="~
events at LVL1 and process much more data at i
(pile-up > bigger events)

3 , ..
10 | ,

v’ For sure there will be a continuous process over gl
years of replacing and increasing the processor
to get more efficiency and rejection power Ry R
10 CMS : L = 103 cm2s°!
the HLT level b

( muon L1 trigger rate

1 1

10 20 30 40 5 60
p} threshold [GeV/c]

v' One could consider increasing the LVL1 latency (from ~2.5us to 5-6us) to allow
more complexity at the early stage

v' Bringing in the tracker information at LVL1 is an interesting solution (CMS is very
active on this!)

TWEPP 2009



High P, track trigger
Cluster width

Stacked layers
select hits with low strip Correlate hit positions in
multiplicity closely spaced (~mm) layers
R-) pitch Pass Fail
v read out electrodes
MIP \ (pixels, .strips)
High oM )
multiplicity '
cluster__ ~1mmI Upper Sensor
1R G. Parrini, CMS I
‘ ~16(')'”m Lower Sensor
' R-® plane S
tar First simulation results show a very good
wl, potential : at R=25, Zmm separation rejects
B! almost 100% below p=3 Gel/c
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Forward muon spectrometer

Jan03 Base (24620) - Neutron Flux, Kz/em*2

o 2 4 6 & W & M 8 B @ 2B A
7 (m)

By its nature the muon spectrometers (trigger
and precision chambers) sit in large neutron
clouds. Neutrons will be captured, will convert to
photons and electrons, contributing substantially
to the overall signal/trigger background

This problem is particularly acute for ATLAS with
the Toroid air core concept
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Forward radiation shielding

Years of optimization have been spent

Most of the available space is used. The new
large aperture triplets will require a new
painful optimization of the forward region

We will need for sure transparent Be beam
pipe everywhere (factor 2)!

Radiation shielding optimization in an air core
toroid is a really difficult problem

The muon spectrometer occupancy and its
LVL1 trigger depend on it severely

New additional layers of trigger chambers
migth become necessary

[N TS S
ine Forward

Shield (JF)

JF - Core
i D - Cone 5 om 5% H3BO; PE
cm
5% B,05 PE éznzlszgell(g JF - Octagonal Front
2x442 kg § cm
5% B,05 PE

3 cm lead 2x 540 kg
JD - Hub 3 cm steel
Sem JF - Octagonal side:
5%B,0; PE 8 cm 5% H;BO PE
2x133kg 2x2824kg
3 cm lead 3 cm steel

JTV - Petals

8 cm 5% B4C PE

2x924 kg

N ~ S The Nose
Shield (JN

5% B,0; PE

JTV - Front Ring

2x2.
49cm s%B,CPE X 01ms JTV - Back Wall
2x432kg JTV-BackRing  8cm 5% LiPE
37.8 em 5% B4C PE 2 x 3.5 tons if
R=1.6-3.5m

2x220 kg
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Detectors Upgrade Strategy

" Major R&D and construction work needed. Even if we
learned the lesson with the first LHC detectors, it will take a
many years of construction work and few years to integrate it
and getting it operational (ID in particular).

" Designing today also means that we assume the technical
feasibility of sSLHC and we integrate in the design the worst
pile-up and radiation/activation environment

" While the financial green light for this new enterprise will
probably take a few years and will be tuned to the first LHC
discoveries, the detector community has to act now,
preparing technology, making choices, testing prototypes and
going deeply in the engineering design.
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Summary

v’ Both accelerator and experiments are vigorously planning the LHC Luminosity
upgrade

v’ The accelerator will have to consolidate its injection chain. A series of new
machines are in preparation. The LINAC4 is already an active project, ready for
2014. Several solutions exist for phase 2 upgrade, but need now to mature in a

proper R&D environment. The experiments look with great interest to the
Luminosity leveling concept

v’ The experimental challenge for the detectors is in the tracking and in the trigger,
which will need to be fully rebuilt around 2018

v’ The detector upgrade projects have started and will now enter the usual phase of

proposal and approval (LOL TP, TDRs, MOU, ....). The project organization is slowly
taking shape!

v’ I am sure, once the first LHC discoveries will be evident, this luminosity upgrade

strategy will become a natural and necessary road map of the LHC program and of
the HEP community at large
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To conclude

m By year 2013, experimental results will be
dictating the agenda of the field.

m Early discoveries will greatly accelerate the
case for the construction of the next facilities
(sLHC, Linear Collider, v-factory ...)

m No time to idle: a lot of work has to be done
In the meantime

N TWEPP 2009






Thank you!

Recent CERN Academic Training Lectures (June 2009):
http://indico.cern.ch/conferenceDisplay.py?confld=55041

... and special thanks to : M. Nessi, M. Ferro Luzzi, F.Gianotti, M.Mangano,
F.Zimmerman, ...
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