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Abstract it exists in the mass range 100 to 1000 GeV; and if not seen, it

. i . ) , . will be ruled out at 95 % confidence level. The lightest super-
The LHC will begin collisions in Spring 2009, and build up tQymmetric particle could be observed if its mass is belovuabo
nominal luminosity (.0 x 10°* cm~?s") over the next few 1 5 Te\. Several other discoveries are possible over thevfol
years. This will be followed by a continuos programme of imag years. However, much more data will be needed to really
provements leading eventually to a ten-fold increase abowue probe what has been discovered. The physics opened up at the

inal with the super-LHC (sLHC). Within a few years of operas) ¢ will depend on just what is found, and has been reported
tion, the LHC experiments should discover or rule out a Stgf-seyeral places, for example [1] and [2].

dard Model (SM) Higgs, and could find supersymmetric parti- ) ) L . .

cles if they exist below about 1.5 TeV mass. Several other dis T @ Hi9gs is found, it will be important to see if it behaves.
coveries are possible. However detailed knowledge of amy n s a SM Higgs. H|g_9$ decay branchlng ratios are detgrmmed n
particles will be needed to understand exactly what theipiaysI e SM;.any deviation would S'Q”a', new physics. V_Vh_'le Some
behind them is. Large data sets will be needed for this; th&&l0S Will already be systematics-limited, many will irope

will also allow the mass limits for discovery of new partigleS'dnificantly with more data. Improvements of up to a factor
to be increased. Upgrades to the general purpose expesim Q are possible in the precision of measuren_wents_ of rafios o
ATLAS and CMS will be necessary to deliver these large deH§C2YS 10 gauge bosons, with somewhat less in ratios of slecay
sets with good performance. This paper presents some of @IvVing top quarks. Couplings among the gauge particles a
physics goals of the upgrade, LHC machine plans, the Sda‘edaparacterlstlc of the electroweak theory. There are 5 exdra

and summarises the changes and challenges for the detattdfdnd Parameters possible in a general model of Triple Gauge
the SLHC. Couplings. Measuring any deviation from the SM value would

signal new physics. Table 1 shows the significant improvesnen
achievable in the precision with sLHC statistics. The Higgié-
coupling is also important. The LHC will have very few events
Most measurements at the LHC will benefit from larger da\f\é{th two H|gg§ particles, limiting .the precision, t'he gLH@m
ake a large improvement reducing the uncertainty in thé dev

sets, though not all since some will be systematics Iimiterqion from SM coupling A — Asar)/Asa from 200 % to about

The LHC is expected to increase in performance, initially %) o X
the nominal luminocityl x 1034 cm~2s~1, then with Phase- % for the most favorable mass Higgs.

| upgrades to3 x 1034 cm~2s~! with integrated luminosity
650_ fb~!, and Phase-Il leading to the S_LHQ with a peak lumizple 1: Precision of measurements of Tripple Gauge Couplings with
nosity of aroundL0 x 10** cm~2s~!. This will allow a much gifferent integrated luminosities from [2]. In most cases, SLHC statis-
larger data set (target 30007fh) to be collected by each experitics give considerable improvement.

ment. The physics goals and machine luminosity determiae th

|. INTRODUCTION

—T1 —1
performance requirements of the detectors. Much of the cur- Par;meter 18%::’14 1%08(:86
rent detectors and all the magnets will work well at the sLHC, 4l : :
. . . . Az 0.0028 0.0018
but several items including the inner trackers, forwarcedet Ax 0.034 0.020
tors, and substantial amounts of readout electronics,neid An; 0'040 0'034
upgrading to cope with the high particle and backgroundsrate 7 0.0038 0.0024

and integrated radiation doses. Note that the inner tracker
both experiments will have reached their radiation limigsn

the end of Phase-I and so need to be replaced independantly off no Higgs is found, then something must happen before or

an sLHC Phase-Il upgrade.

around the TeV scale. Stron§W or ZZ scattering for exam-

le via a resonance at 1.5 TeV would only produce a few events

This note summarises the physics goals and the expetﬁﬁih

machine luminosity development. It then discusses thectiste

tronics development.

e LHC, but a clear discovery at the sLHC, wisii/B

changes planned, along with some of the main needs in eraercqund 10

Several models predict more than one Higgs, for example

in MSSM models there are five. Searching for more than one

Il. PHYSICS MOTIVATION

Within a few years, the LHC should have delivered enoug

Higgs is therefore important. The sLHC can extend the region
in the (m 4, tan 3) plane in which more than one Higgs will be
gen.

luminosity for discovery of the Standard Model (SM) Higgs if Searches for supersymmetric partners will increase the dis


https://core.ac.uk/display/44209047?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

covery region or push the limits further. Typically the reaan increase without increasing the machine current beyorid ult
increase 40 %, with the limit for the lightest, , rising from mate, and run at 25 ns bunch spacing. Whichever scheme is
about 1 to 1.5 TeV. If supersymmetric particles are disoederadopted, the expectation is for the sLHC to achieve a luminos
at the LHC, then spectroscopy to measure heavier partnérs ity of 10 x 1034 cm~2s~!. Both schemes give very high pileup
require the larger data set of the sLHC. rates: the LPA scheme will give 4Q scatterings (diffractive

Several new forces have been proposed, resulting in S inélastic) per bunch crossing at the start of a sp#@nab
heavy gauge bosori#” andZ’. The mass range for discoverychemes will give 300.
can be extended by around 20 % at the sLHC. If already discov-Luminosity levelling schemes are also under investigation
ered at the LHC, the sLHC should provide precise measurmenitese detune a parameter such as bunch-length, Crab motatio
helping to distinguish between the models, for example on @ 5* at the start of a spill to reduce the peak luminosity. As the
cay widths. bunch charge reduces, the parameter is tuned to maintaim-a co

In a few years from now, much more will be known abogttant luminosity. Levelling is attractive at the sSLHC whéne

physics at the TeV scale, and we can expect a rich varietySB%” length can become shorter than the machine filling time
physics goals requiring the SLHC machine. the integrated luminosity need not be much lower than the-max

imum. Furthermore, some of these schemes reduce the beam-
beam interaction, allowing a higher machine fill: this altolu-
I1l. EVOLUTION OF THE LHC ACCELERATOR minosity levelling to actually increase the integrated inosity
AND INJECTORS at a much lower peak pile-up rate, and is clearly very intargs
to the experiments.

The LHC will start collisions in 2009 at low luminosity and  recent discussions between the LHC. ATLAS and CMS
ramp up to 40 % of nominal luminosity in 2 to 3 years, limitefl,ye |ed to an understanding of the most likely scenarioter t
by the absence of _the full collimation scheme. The collim&atq,,qution of the LHC luminosity. Whilst there are many un-
will be completed in the 2010-11 shutdown, and allow furth@gaingies, this represents the best current estimateFjgjire
rises in luminosity up to nominal. 1 shows the peak luminosity evolution, and figure 2 shows the

Upgrades to the LHC and its injectors will allow further imanticipated integrated luminosity assuming 60 ‘fiper year of
provements planned in stages known as Phase-I and Phaseflbminal luminosity running. This value takes into accoung t

Phase-l will introduce two major changes in the 2012-% r_unning time_planned fqr the LHC, and typical fill times al-
shutdown: new focussing magnets with larger aperturesvalld®ing for machine down-times.
ing a 8* reduction from 0.55 m to 0.25 m; and a new linac, The machine will require a longer shutdown than usual (8
called Linac4, allowing brighter beams to be fed throughithe compared to 5 months) for the installation of Phase-I equip-
jector chain and into the LHC. This will allow further inces ment; the experiments will need a long shutdown at the end
in luminosity up to a maximum of about 3 times nominal.  of 2016, consisting of a year’s running time plus two winter
Phase-II will introduce more new accelerators into the igtutdowns (18 months total) in order to install major new de-

jector chain: a superconducting proton linac SPL to repla&stor elements. The experiments will work towards thiseseh
the PS-booster: and a new superconducting proton synohrotl"'e’ adjusting their programmes as experience with the mach
PS2, to replace the current PS. Superconducting magnéasresV0!Ves:

ing the current SPS magnets are also envisioned later on Eac

new component will allow brighter, more reliable operatien-

abling the LHC current to go well beyond the so-called Ultiena 12

level 0f2.3 x 1034 cm2s~! for which the LHC was designed.

The higher currents will be supplemented with other nove 10
elements. Just which are best is being evaluated. The Large |
winski Angle (LPA) scheme uses a high bunch chawé &
10" protons compared tb.15 x 10! at the LHC) in bunches
50 ns apart, and a large crossing angle to reduce the beam-be
effects. Wire correctors are needed with this scheme tbdurt
reduce the beam-beam effects. The Early Separation schei
avoids the geometric reduction in luminosity caused byaingd 2
crossing angle by allowing head on collisions and rapidly se J/
arating the beams with dipoles close to the interactiontpoin o ‘ ;
The placement of machine magnets deep inside the detectc 8 8
is technically difficult, can cause increased backgroundbté © ©
experiments, and reduce forward calorimetry performaige.
using Crab cavities, which rotate the bunches away front theiy e 1: Best estimate of LHC peak-luminosity evolution in future
direction of motion, a crossing angle can remain while stjlbars in units of nominal LHCL(x 10%* cm~2s~1). The upper curve
minimising the geometrical loss. These can allow the dipolgssumes Phase-Il is implemented; the lower curve is with only Phase-I
to be further from the interaction point, or even be omittadachine upgrade.
all together. These Crab schemes can achieve the luminosity
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Figure 3: Example of a SUSY decay chain with many particles in the
Figure 2: Best estimate of integrated luminosity evolution (in'fo final state, including-jets, missing energy, and leptons.
over the coming years. Upper curve assumes Phase-1l sLHC aed low
curve is without.

A. Phase-l Detector Upgrades

The Phase-I LHC upgrade will lead to instantaneous lumi-
nosities of3 x 103 cm~2s~! and a data set of about 700th
IV. DETECTORCHANGES The B-layers of both experiments will not survive this. Also

) _ they will loose hits because of limited bandwidth in the tron
ATLAS and CMS detectors will have to cope with extremelgnd readout chips: The CMS B-layer will be about 12 % inef-

demanding conditi_ons at the ;LHC: these are greatest forﬁ%?ent, and the ATLAS B-layer will be somewhat worse, on a
B-layers. Depending on thee final scheme, th.ere could be\}éﬁ‘y steeply rising inefficiency curve. Therefore both ekpe

to 30 charged tracks per cnper bunch crossing or 13,00G,,0hts plan new B-layers. The best opportunity to inserties
tracks. After 3000 fb! data recorded the integrated ionising - & t5 8 month shutdown foreseen for the Phase-I improve-

dose Wlig be tens of MGray and the non-ionising dose will 8o s in 2012-13. CMS s also considering more ambitious
0\_/er19 1 MeV neutrop-equwale_nt cnt. These doses tail off plans, with a range of options under study including repigci
with distance, but remain much higher than the current dimxacthe whole pixel detector.

were designed for. ]
There are several other changes planned, such as adding

. : .
hi Eome hlgh-m_aTs ph_yilti_s lsuchléf and Z* involve very some forward muon trigger chambers in CMS which were
igh energy particles with little background, and can @ler gy, for financial reasons but become very important athig

some re_:ductlon in detector performance_. Howgv_er, mOSt'Chﬁ‘ﬂninosities. In both experiments, the triggers will degeton-
nels of m_tere_st nee(_j the current resolution, _efﬂmencyfakd tinuously, taking advantage of cheaper processing powew N
rates mguntamed or |mprove_-d. For_example, f_|gure 3 shows_a as such as topological triggers, which combine triggens,
cay chain of supersymmetric particles involving many [t 50 jnestigated: also at ATLAS a study is underway for a fast
in the flna] statg, which are relgtlvely low in energy. Thesgalfi track trigger using associative memory to recognise htepas
state particles include neutralindsquarks, electrons, MUONS¢ 0 tracks using data read-out at the level-1 trigger, amnd p

and jets. So missing tranverse energy resolution, VEREX&t- ;iqing jevel-2 with high quality track parameters early @MS
formance, electron identification and resolution, muonkirag investigates the use of silicon photo-multipliers (SiPMioh

and the trigger all need to be maintained. StudieB/@¥” and 50 4 ajanche photo-diodes) to replace their tile-caletemhy-

zz scattermg need measurgment of Very forward jets (1.5) brid photo-multipliers. These are very low noise reduciaigé

and central jet vetoes, requiring calorimetry performaieche yioqers. large dynamic range allowing muons to be seen, and

maintained even at the very forward regions. allowing more segmentation which can benefit calibratigees
Despite the much increased luminosity, most of the ATLAGally if radiation damage reduces light output of frontraitia-

and CMS detectors can stay and are expected to perform wat more than others.

throughout the life of the sLHC: all magnets, and most of the

muon detectors and colorimeters will stay. Both willneetheo B Phase-Il Detector Upgrades

pletely new inner trackers: they will have reached theiiaad

tion limit, have too low a granularity for pattern recogaitiat For Phase-Il, both experiments will replace their entireein

10 x 10%* em—2s7!, and have insufficient band-width to readtrackers; also changes in the forward calorimeters andéfiatw

out the data. Note that even in the absence of an sLHC pmuion systems are under investigation. These changes need a

gramme, continuing ATLAS and CMS will require new innelong shutdown, and both experiments have agreed to do the

trackers around 2017 due to radiation damage. changes in 18 months. This is challenging, and requires care



ful design and planning early on. will be needed in view of the higher pile-up.

The electromagnetic calorimeter at CMS can suffer darken-
1) Inner Trackers ing of the crystals and vacuum photo triode light detecttirs;

The radiation damage at the inner-most region, the B-Iay%frf,eCt depends strongly on pseudorapidity.

will be much higher than for any LHC active sensor. This re- At ATLAS, the liquid argon (LAr) forward calorimeter
quires either new technology for the sensors to surviveuhie f~CAL will have increased heat-load, higher ionisation ie &-
dose after 3000 fb', or planar silicon can be used and replacét®n, and higher electrode currents; these could lead tapoil
frequently. Several technologies are under investigatidin Signal deterioration, and voltage drop across the higtagelre-
amond, 3D-edgeless sensors, thin-silicon, and Gossiprgmidistors. The limits are being explored in a test-beam avifot
pattern gas detectors). Two solutions are under investigation for use if necesséuy:
I%gt a new, warm calorimeter in front of the current one; and to
ré\place the FCAL altogether with a detector with more caplin
rd smaller gaps between electrodes. The latter requireiita
evelopment of tooling to be able to carry out the changeen th
time available, but engineering studies show it can be daRe.
LAS considers reading out all data at 40 MHz from the detector
"YF both LAr and Tiles. High speed links to achieve this are be
ing developed. Such a scheme can greatly simplify the feoat-
Both experiments will add extra pixel layers at larger radilectronics and allow higher granularity giving increafiesi-
replacing a region currently using silicon strip detectof$ie ility in the trigger.
pixel sizes will also be reduced; for example, the current AT The detector sensitive elements and fibres of the hadronic

LAS pixel size is 50um by 400um and will be reduced to tile calorimeters in both experiments will perform well &kt

50 um by 250um. This is possible by taking advantage of th ; . e
availability of 130 nm read-out chip technology in place o t SLHC. Light loss after 3000 " will be significant, but the

current 250 nm versions. It gives significant improvemerth photon statistics are sufficient to maintain acceptabléoper

X . . _mance. The electronics however will probably need reptacin
z-vertexing, needed to separate the primary vertex fromyple . . .
vertices - both power supplies and readout. The current versionsiare i

sufficiently radiation hard, and will be reaching their esfelife,
In the regions just outside the pixels, either short-steép dwith spares hard to find.

tectors (about 25 mm long in ATLAS case) or “strixels” — piel

~ 2 mm long — will be used. At outer regions, long strips (about

100 mm long) will have low enough occupancy. The TRT stra8s Muon Systems

of ATLAS will be removed and replaced with such long strips.

The strip sensors about 400 mm from the beam need to copd=or both experiments most of the muon systems should per-
with non-ionising doses up to 10n,,/cm? (including a safety form well. CMS will install some new trigger chambers which
factor of 2). This requires very high bias voltage ( 600 V) fovere staged from the original design. At CMS, the iron for the
full depletion. Irradiated sensor prototypes for ATLAS bae- Magnetic return provides good shielding from background, a
cently been shown to hold this. only some of the very forward cathode strip chambers wilthee

Front end chips are under development for the strip delxect[)erplacmg'

at both experiments. The goals here are high radiation easin At ATLAS the air-core toroid has less shielding. The back-
and single-event upset tolerance; and also low power, stille ground rate _estl_mates have large uncertainties. Th_e chrambe
coping with the high data rate. Low power is important to sagén handle five times the current background prediction mi-no
material bringing the power in and in cooling sytems to reeoinal LHC luminosity. If the backgrounds are as predicteénth
it. at the sLHC only a small fraction will have to be replaced -
. . . . : the cathode strip chambers on the small wheels. But if back-
Powering remains a very important issue. There is no space L . -
: rounds are five times higher than anticipated, far more eham
for the present solution of one set of power cables per modlge

. : . NN . ers will need replacement, or solutions will have to be tbun
powering will have to be multiplexed, bringing in currenhigh . .
. . that reduce the background. It is therefore very important f
voltage for low cable losses. Serial and DC-DC options are

o Yhe backgrounds to be understood in early running at the LHC.
der study. System aspects — control, monitoring, and Safe%everal radiation monitors are in place for this.

are very important.

There will be a very large number of tracks and a large nu
ber of primary vertices in each bunch crossing at the sLH
To do pattern recognition and maintain good track-finding ej
ficiency with low fake rate requires increasing the grarityar
of the inner trackers, ideally to the point where occupamare
much less than 1 %, limited by cost and also the amount of
terial that has to be introduced.

Data links also need developing, to find rad-hard optical The current ATLAS muon chamber read-out architecture has

communications at much higher rates (about 4 Gbit/s) than Some places with insufficient band-width for the sSLHC. Tomin

(40 Mbit/s), and using multiplexing. High voltage and détec Imise changes, a scheme where only chambers in regions with a

> . . level-1 muon trigger are read out is being developed.
control systems also would benefit from more multiplexing.
New detector technologies under investigation include mi-

2) Calorimeters cromegas, drift-tubes with smaller diameter, and thin-ajagm-
bers (TGC) for higher rates. Micromegas and TGCs can provide
The barrel and most of the endcap calorimeters will perfotmoth trigger and precision measurement in one chamber. This
well at the sLHC. Some re-optimisation of signal processiiegn save space, allowing more shielding.



4) Triggersand Data Acquisition optimised shielding. Some improvements are nevertheless p
sible. CMS can install borated polyethylene in their forsvar
Trigger processing power and network band-width will bgyielding, improving muon system backgrounds. The most im-
expanded as it becomes cheaper and is needed. Additioaal i%rtant for ATLAS is to substitute the stainless steel bexpe-
are under investigation. Increasing the level-1 triggé taoks sections which pass through the end-cap calorimeters aoid to
to be very difficult, but increasing the latency may be pdesibmagnets with berylium. This reduces muon backgrounds a fac-
This gives time to do more at level-1, reducing the burden g5 2 or more. Also 50 mm of polythene moderator on the
higher levels. outside of the inner tracker volume will reduce neutronshi t
In addition, maintaining trigger rates will require raigintracker a factor 2. Other improvements could come if muon
thresholds. However at CMS the level-1 muon trigger rate s#ambers can be made smaller, making more space for shield-
comes almost constant once the threshold rises above abtit
30 GeV. Higher trigger levels do give good reductions well
above 30 GeV, by including inner tracker information. It is
therefore interesting to develop track triggers at leveR&ad-
out at 40 MHz is not possible. Instead several ideas are beingA few years from now, there is likely to be a rich field of
investigated, including novel read-out chips looking anhce physics to study, that will benefit from a ten-fold lumingsiit-
dences between pixels or strips at fixed azimuth in sensprs sgease. The sLHC will set demanding conditions for the detec
arated radially by about 2 mm. Such coincidences can be caors, requiring substantial upgrades. The timescale iderita
municated to the end of a stave, and further processing cén ling, particularly to install new inner trackers in 2017, deé
for pairs of such coincidences at the same azimuth but iediffeven without the sLHC due to radiation damage of the present
ent layers. This can give a sharp threshold to a high trasevetrackers. Several research and development projects deg-un
momentum trigger. way. Electronics developments are essential throughetdith-

Other ideas are also under investigation, such as topalbogRetectors, and are often on the critical path.
triggers - for example the combination of muon and calorenet
information to find isolated muons. ATLAS is investigatirget REFERENCES
use of a large associative memory to spy on the level-1 td-leve
2 data transfer, and provide level-2 early on with qualitivhe [1] Talk by Michelangelo Mangano at SLHC Kick-off Meet-
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