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.. LHC Status/plans —
Date for first beams/collisions: = Spring 2007
Initial physics run starts in summer/fall 2007

= collect ~10 fb-! /exp (2.1033cm-2s-1) by early 2008
Depending on the evolution of the machine...

= collect 200-300 fb-! /exp (3.4-10.1033cm-2 s-1 ) in 5-6 years time

Already time to think of upgrading the machine

Two options presently discussed/studied
Higher luminosity ~1035cm-2s-! (SLHC)
-Needs changes in machine and and particularly in the detectors

= Start change to SLHC mode some time 2013-2016

= Collect ~3000 fb-!/experiment in 3-4 years data taking.
‘Higher energy?

-LHC can reach Vs = 15 TeV with present magnets (9T field)

~\s of 28 (25) TeV needs ~17 (15) T magnets = R&D needed!
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Large Hadron Collider Project LHC Project Report 626

LHC Luminosity and Energy Upgrade: A Feasibility Study

Q. Briining’, R. Cappi*, R. Garobyt, O. Gribnerf, W. Herrd, T. Linnecard, R. Ostajic’,
K. Potter*, L. Ressif, F. Ruggiero® (editor), K. Schindlf, G. Stevenson¥, L. Tavian®,
T. Taylor!, E. Teesmelis®, E. Weissed, and F. Zimmermann®

Upgrade in 3 main Phases:

* Phase O — maximum performance without hardware changes
Only IP1/IP5, N, to beam beam limit— L = 2.301034 cm-25s-1

* Phase 1 — maximum performance while keeping LHC arcs unchanged
Luminosity upgrade (*=0.25m,#bunches,...)> L = 5-10e1034 cm-2s-!

* Phase 2 — maximum performance with major hardware changes to the LHC
Energy (luminosity) upgrade — E,,, = 12.5 TeV
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L
—

Machine upgrade

parameter

nom ult. upgrades

no. of bunches mny,

rms bunch length
o, [cm]

rms energy spread
o5 [1077]

beta at IP [m] 3°

crossing angle
f [prad]

beam current
Iy, [A]

luminosity L [10%
em”%s 7Y

as IBS growth time
7is [h]

2808 2808 2808 |
7.6 1.6 7.6, 7500
4.2
1.1 1.1 1.1, 3.8
3.7
(.5 0.5 025 025
300 315 485 1000

0.56 0.86 1.3, 1.0

1.3
[ 2.3 7.3, 9.0
97| <
134 Bh 36, 1712
674

(*) Superbunch: 1 bunch of 75 m (rms) in each ring
Good for electron cloud effects/bad for experiments: 50000 events/25 ns slice
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Latest parameter
set:

F. Ruggiero et al.
PAC2003 report

May 2003

A luminosity of
10%%cm-2 s-1
seems possible
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g ""Detectors: General Considerations

S ——
LHC SLHC
Vs 14 TeV 14 TeV
Luminosity 1034 1035
Bunch spacing At 25 ns 12.5/25 ns
Cpp (inelastic) ~ 80 mb ~ 80 mb
N interactions/x-ing | ~ 20 ~ 100/200
(N-=L 5, AT)
dN_,/dn per x-ing ~ 150 ~ 750/1500
<E> charg. particles ~ 450 MeV | ~ 450 MeV
Tracker occupancy 1 5/10 Normalised to LHC values.
Pile-up noise in calo 1 ~3 _
Dose central region 1 10 10% Gy/year R=25 cm

In a cone of radius = 0.5 there is E+~ 80GeV.
This will make low E, jet triggering and reconstruction difficult.
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xtended Reach: General

Naive example: Z'—leptons
N=100 Events, Z Coupling

D. Green

5 2Tev Mass reach of Z'

" o 14 TeV
10 |

28 TeV

100 TeV

M,,(GeV)

3
10

Discovery: N > 100

32 s o m | s
10 10 10 10

Luminosity(/cmzsec)

Factor 10 in luminosity extends the
reach for Z' by 1-15 TeV.

FNAL October 2003 SLHC prospects

n

—
distr. of decay particles

Z =1TeV

_-i'.--

- I 'r_
] T - T T T T =
= -3 3 Ropidity(p3)

Heavy mass: more central
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Detectors Upgrades for SLHC

- Modest upgrade of ATLAS, CMS needed for channels with
hard jets, u, large E;™miss

* Major upgrades (new trackers .) for full benefit of higher L:
et ID, b-tag, t-tag, forward jet tagging (?)

Jet E-resolution n = O u-jet rreJec‘rlon fac3:0r for ¢ (32):50 To assuming same 2-track
E; (GeV) 1034 1035 pr (&6eV) 10 10 resolution at 103° as
at 1034
20 15k |40% 0100 w0 | 30
300 5% 8% 100-200 300 15 R&D necessary
1000 3.5% | 4% 200-350 | 90 40 hep-ph/0204087

‘ Assumptions for the study ‘

* Detector Performance

* performance at L = 1035 cm-2s-1 is comparable to that at 1034 cm-2s-1 |l
 Integrated Luminosity per Experiment

« 1000 (3000) fb-! per experiment for 1 (3) year(s) of at L =103 cm-2s-1,
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z " Physics Case for the SLHC

The use/need for for the SLHC will obviously depend on how EWSB
and/or the new physics will manifest itself
Likely this will only be answered by LHC itself (except if the Tevatron...)

What will the HEP landscape look like in 2012??

Rough expectation for the SLHC versus LHC
e Improvement of SM/Higgs parameter determination
e Improvement of New Physics parameter determinations, if
discovered
e Extension of the discovery reach in the high mass region
e Extension of the sensitivity of rare processes
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@ Extending the Physics Potential of LHC

* Electroweak Physics

« production of multiple gauge bosons (n, > 3) Examples studied
» triple and quartic gauge boson couplings in some detail

* top quarks/rare decays
- Higgs physics sap 0204387

April 1, 2002
* r.ar‘e decay mOdeS PHYSICS POTENTIAL AND EXPERIMENTAL
) Higgs Couplings 1’0 fer‘mions and bosons CHALLENGES OF THE LHC LUMINOSITY UPGRADE
PY H iggs Self_coupl ings Conveners: F. Gianotti 1, M.L. Mangano 2, T. Virdee *+*

Contributors: S. Abdullin %, G. Azuelos ®, A. Ball L, D. Barberis ¢, A. Belvaev 7, P. Bloch

. Bosman *, L. Casagrande *. D. Cavalli ®, P. Chumney 1°, S. Cittolin 1, S.Dasu 1%, A. De Roeck

s H H 99 b f Th MS SM Ellis L, P. Farthouat L, D. Fournier **, J.-B. Hansen ', 1. Hinchliffe '2, M. Hohlfeld 3, M. Huhti
eavy l S OSO ns o e K. Jakobs 13, C. Joram ', F. Mazzucato ', G.Mikenberg '*, A. Miagkov!'®, M. Moretti'?, S. Moret

T. Niinikoski 1. A. Nikitenko® T, A. Nisati ', F. Paige®®, S. Palestini ', C.G. Papadopoulos®, F. Pice
* Supersymmetry

R. Pittau®2, G. Polesello 2%, E. Richter-Was?*, P. Sharp 1, S.R. Slabospitsky'®, W.H. Smith 19, S.

nes 2°, G. Tonelli %, E. Tsesmelis 1, 7. Usubov?™2® L. Vacavant 2, I. van der Bij*®, A. Wats

* Extra Dimensions M'Minclude ile up, detector
* Direct graviton production in ADD models prie tp.
* Resonance production in Randall-Sundrum models TeV-! scale models
* Black Hole production

* Quark substructure

« Strongly-coupled vector boson system

N W, Z gW,Z ,ZZ scalar resonance, W* W * Preliminary..
* New Gauge Bosons
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Electroweak Physics |

Triple/quartic Gauge couplings
Production of multiple gauge bosons: statistics limited at LHC
E.g. # events with full leptonic decays, Pt>20 GeV/c, |n|<2.5, 90% eff

for 6000 fb-1

Process WWW WWZ ZZW ZZZ WWWW WWWZ . |
N(my=120GeV) | 2600 1100 36 7 5 0.8 qum‘rgp e
N(mpy=200GeV) | 7100 2000 130 33 20 16 | COUP"”QS?
Coupling | 14 TeV 14 TeV 28 TeV 28 TeV LC
100fb~! | 1000fb™" | 100 fb~" | 1000fb~! | 500 fb~1, 500 GeV
A, 00014 | 0.0006 | 00008 | 0.0002 0.0014 Tri ple gauge
Az 00028 | 0.0018 | 00023 0.009 0.0013 coupl Ings:
Ak, 0.034 0.020 0.027 0.013 0.0010 Wy WZ
Akz 0.040 0.034 0.036 0.013 0.0016 .
[
g7 00038 | 0.0024 | 00023 | 0.0007 0.0050 production

Use only muon and photon final state channels, statistical errors only
— Equal or better than LC for A type of couplings, worse for «
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e 0.003

0.002

| 14 Tev 100 b1 | w

95% CLg

| 14 Tev 1000 fb-1 | s

|28Tev100fb1|/

| 28 Tev 1000 fb-! |
& 0.0006
0.004
0.002
Sensitivity into the .
range expected from
radiative corrections "
in the SM L
-0.006
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Quartic Gauge Couplings

lectroweak Physics —

study pp —» qqVV —jjVVv (V=W 2Z)

Indirect Limits LHC, 100 fb™* LHC, 6000 fb~! LHC, 6000 fb~"
A. S. Belyaev et al: Coupling (1o} (1o} (1o} 95% CL.
Oper‘aTor‘s leading to (x107%) (x107%) (x107%) (x107%)

. . . 4 —120. €y <11. | -1.1<ay <11 | -0.6T <oy <0.74 | -0.92< a4 < 1.1
genuine quartic vertices as | 300.<as<2. | 22<as<77| -12<as<12 | -L7<as< 17
L, = oy :T&'{I’:.I’:s]]z ‘_ g -20. <06 <18 | -96<0a6<91 | -35<€a<32 | -43<as<39
roo_ Tr (V. I”"]]E . a7 -19.<ar <18 | ~10.<a7<T4 | -44<a7<2.2 | -54<a7r <28

* K ’ ) K10 =21. < K10 < 1.9 —-24. < 10 < 4. —4.1 < K10 < 4.1 —4.8 < 10 < 4-.8
Le = ag Te(V,VL,)Te(TV)Tr (TV 5 - - - - - - - -
.l':;- — Tl I:],f}:];r'r”]l [':['l(imir’njl'E . 0.03 0.03 71—
E][’J = E Ty (TL;J} Tr (Tlr'”:l]z : 002 [ K 0.02

2

~

Results for
events with full leptonic decays,

0.01

3

001

P20 GeV/c, |n[<2.5,90% eff.

(conservative)

-0.03

FINAL October 2003

I combined limif

LWz, wz

SLHC prospects

-0.02
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CMS

Top Quark

LHC: AM(top) down to 1.0 GeV (and AM,, down to 15 MeV)
—Limited by systematics/no significant improvement expected

Statistics can still help for rare decays

‘ T—qy ‘

‘ t—qg ‘

‘ t—qZ ‘

- Results in units of 10-3

Ideal = MC 4-vector
Real = B-tagging/cuts
as for 1034cm-2s-1
u-tag = assume only B-tag
with muons works

b-tagging || ideal | real. | pu-tag
600fb™" | 0.48 | 0.88 | 3.76
6000 fb~" | 0.14 | 0.26 | 0.97
b-tagging || ideal | real. | p-tag
600 fb~1 22.3 | 60.8 | 210.
6000 fb~! || 7.04 | 19.2 | 66.2
b-tagging || ideal | real. | p-tag
600fb~t || 0.46 | 1.1 | 83.3
6000 fb~* || 0.05 | 0.11 | 8.3

at 1035cm-2s-1

| Can reach sensitivity down to ~10-¢ BUT vertex b-tag a must at 103°cm-2s-1

FINAL October 2003
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. e Higgs at SLHC

I
Couplings obtained from measured rate in a given production channel: -
R« :detoa(e+e',pp—>H+X)oBR (H — ff)

Higgs couplings!

BR(H—)fD:lFf

tot

—

%

L
T G

deduce T';~ g2

- Hadron Colliders: T',;, and o (pp — H+X) from theory — without theory inputs
measure ratios of rates in various channels (I'y,; and o cancel) — I't/T¢

03

{
o W O T,/T, (indrect)
L.g ® O TI,T, (drect)
To2
Closed symbols:
LHC 600 fb!
B—g — A .
01 Open symbols:
H=>m SLHC 6000 fb-!
H— 77 H—-> WW
H-> 77
020 140 160 180
my, (GeV)

—~08

08B

A(T /T AT, T,

0.4

02

A A Ty/T(indrect)
m0 I,/T, (indrect)
®0O I,/T, (indirect) |
* v T,,/T_(direct) |
" / qaH - qqWW
ttH — ttyy qqH —qqrz
ttH — ttbb /
A—"‘-——ﬁ———-ﬁ-——-—'—ﬂ w
WH - 7 +X WH - WWW
! Hopy H->WW
100 150 200
m, (GeV)

SLHC could improve LHC precision by up to ~ 2

FINAL October 2003

SLHC prospects
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CMS

Rare Higgs Decays

Channels studied: BR ~ 10-% for these channels!
o H— Zy > 0ty Cross section ~ few fb
e H - nu —
my (GeV) | S/vB | 22BRUI i)
I | 120 GeV 7.9 0.13 3000 fb-!
130 GeV 7.1 0.14
140 GeV 5.1 0.20
150 GeV 2.8 0.36
Channel my S/\NB LHC S/NB SLHC
(600 fb1) (6000 fb-1)
H—>Zy > iy |~1406eV | ~35 ~ 11
H— uu 130 GeV ~ 3.5 (gg+VBF) ~ 95 (gq)

Additional coupling measurements :
69 FP« /FW 1-0 ~ 200/0

Note: also a challenge at a LC: e.g. Agy,,, ~ 16 % for 1 ab-! at 800 GeV
FNAL October 2003 SLHC prospects
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! 3
s T b o 03 7 - WW+ZZ — HH
-3 . L

—0.75 | 075
-1 =

Z=—2 ety (et tyeeed

| A2 <)< 30/2 |l’§

| Difficult/impossible at the LHC| Yo e w0

FNAL October 2003 SLHC prospects

M, [GeV]

~ H

T T T T T T . .
SM: pp — HH +X DJOUGdl
LHC:  [fb] et al.
gg — HH
4 Dawson
et al.
i_/' WHH+ZHH __ackgr.
- WHH:ZHH = 1.6
T OWWZZ =23
l I | 1 1 | |
160 180 190

Albert De Roeck (CERN) 17



CMS

Higgs Self Couplings

4

Atlas Study
LHC : o (pp > HH) <40 fb m, > 110 GeV Detector Simulation
+ small BR for clean final states — no sensitivity

SLHC : HH - W*W-W* W- - /£ vjj (*vjj studied

6000 fb-1 S S/B | SAB Mass (GeV) | 200 | 200 (fit) | 170
# # 4o 27% 17% | 20%
m,=170GeV| 350| 8% | 5.4 %

& 15% [ 19%
m,=200GeV| 220| 7%| 3.

-- HH production may be observed for first time at SLHC: ~150 <M <200 GeV
-- L may be measured with statistical error ~ 20-25%

LC : precision up to 20-25% but for My, < 150 GeV (Vs > 500-800 GeV, 1000 fb-1)
or to ~7-10% for M, < 200 GeV (s > 3 TeV, 5000 fb-1)
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CMS

Baur, Plehn, Ra

Higgs Self Coupling

—

inwater HH - W*W-W*W- > /# VJJ fivjj

Limits achievable at the 95% CL. for Ah=(A-Agn)/Asm

LHC: A= O can be
excluded at 95% CL.

SLHC: A\ can be determined
to 20-30% (9570 CL)

|
N ppolteteay
I Vs = 14 TeV
7 CL limi
= ] B 300 b1 a5% CL limits
< 7 T — T
1
T3 800 fb
™M
r{ L
| 1 — N
< .
”E I 3000 bt
< 0 SM
< B _____.H___ --------------- o SUQO fb—l
- : ~. 800 b7 |
_1 [ | I | ]
140 180 180 200
my (GeV)

FINAL October 2003

SLHC prospects

Differences w/+ ATLAS study

|| o Parton level < Detector Level
|| * ATLAS includes parton showers

e HO cross sections & effects

e Incorrect simulation 11 in
ATLAS study?

= Jury still out.. CMS starting

Albert De Roeck (CERN) 19




. Higgs Self Coupling for low M,

L . pp = bbyy, SLHC J crr-
~ 25.10-5 [ bed bien g 120 Gev ] pp—bbtt  difficult
& i 1 | pp—bbup not useable
e 10-9 [ 1
£ 2.0-10 - E o New
‘_; 1.5-1072 - B pp—>bbw promising
a : » | e For my=120 GeV and 600 fb-!
T 10107% = — expect 6 events at the LHC
ks oL : with S/B~ 2 (single b tag)
5.0-.1076 — —] i
- ] e Interesting measurement
1.0-1075 | 2 at the SLHC (double b ’rag)
mp = 120 GeV my = 140 GeV
machine “hi” “la” blke. suh. “hi” “lo” hlke. sub. Needs Gccur'a're
LHC, 600 ! I o o - - - pr‘ediCTion of the
N H0.82 H0.74 0,52 LT 1A H0.76 bbY’Y bGCkgr'OUhd
SLHC, 6000 fb — (.66 —0.62 —0.46 ~0.0 —0.8 —01.58
| N . ; . N rate
VLHC, 600 fh! e e e s e o
e . Needs detector
vire 0wt R TR e TR fos o simulation
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T —

Impact of the SLHC
Extending the discovery region
by roughly 0.5 TeV i.e. from
~2.5 TeV - 3 TeV

This extension involved high

E; jets/leptons and missing E+

= Not compromised by increased
pile-up at SLHC

FINAL October 2003

Supersymmetry -
56 contours
—~ 3000 :
% C M S ,fI miss .
O E; + jets |:
‘T@ :r‘: ."f E
L i / b
E = :
2500 £ / :
g /
- /
ts /
£ /-
2000 - / ;
2 [ gaono)
=) /
E !
(%]
" !
@ |
1500 | = /
S
2
o
2
o/
1000
/s =14 TeV : 100 fb™, 200 fb™ 14
:
/ tanp=10 :
500 —
0 500 1000 1500 2000
m, (GeV)

SLHC prospects
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CMS

SUSY Measurements

B gluino M squarks Il sleptons N X" H
CMSSM Benchmarks
QUL [ e s 8 *E LHC % E 'Js={l8TeV' 2z 87
i C 30 b i 30 £ '
F b= = ' = ~3¢F
No EWSB % 25 f» 25 & 115 =
2000 - E; 20 - 20 -0 Ci
E 0 12 M o 15 15 =
1000 |- & K - % 10 10 ] II
o r & ®
- [ 5 H 5 I
S 500 r 0.h* B 8 O:||||I| |:.|||I|.| L . ||||.I|||I|||
= T | < BGCJAMHEFKD ILBGCJAMHEFKD
o 0
E . g ] /Q/v
E= /
=z
200 1 - ® T Js=3TeV i -
A 30 17 m; -
G D 25 25
100 B c Charged LSP ]
[ 20 20
£ | PPN PP PP PEETY PR PO 1 0 ol Uz Ui |
100 200 300 500 700 1000 2000 10 10 i
m,,, (GeV) 5 { II 5 i

0
ILBGCJAMHEFKD

05||||||||||
ILBGCJAMHEFKD

# of parTicles/species detectable

FINAL October 2003

Benchmark points (Battaglia et al./2001)
Difficult points F,H,K, (M) ..high masses/low event rate
High Luminosity beneficial fo complete further the spectra

SLHC prospecTs
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CMS

Sparticle Mass Measureme

nts

Proposed Post-LEP Benchmarks for Supersymmetry (hep-ph/0106204)

~ 100 events =

17.5

15

125

10

7.5

101

600 800 1000 1200 1400

Tricomi, Chiorboli

Model Al B|] C D E H I J K L M
1 /2 600 | 250 | 400 | 525 | 300 1500 | 350 | 750 | 1150 | 450 | 1900
mg 140 | 100 | 90 | 125 | 1500 419 | 180 | 300 | 1000 | 350 | 1500
tan 3 5| 10| 10 10 10 20 | 35 35 35 | 50 50
sign(u) + + + — + + + + — + +
o, (myz) 120 | 123 | 121 | 121 | 123 117 (122 | 119 | 117 | 121 | 116
™y 175 | 175 | 175 | 175 | 171 175 | 175 | 175 | 175 | 175 | 175
After cuts

25

20

15

10

4]

Entries
Mean
RMS

201
236
939.4
216.5

400 600

aala.‘la..l..'.t'.-"
800 1000 1200 1400

= will need more luminosity!

Reconstruction of sbottom (770 GeV) and gluino (920 GeV) for 300 fb-?

FINAL October 2003
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Example: Point K

Squarks: 2.0-2.4 TeV Gluino: 2.5 TeV
Can discover the squarks at the LHC but cannot really study them

Meff — E’_?Z?ESS T Z ET,jet + Z ET?lepton Pf >700 GeV & Ef"“ss>600 GeV
e Jets leptons _ P, of the hardest jet
e F 2 qf
: signal L B
8 0F 8
8 - o 10p
g 10 L
Ll E ) -
1F 4:_
{ :
1051000 2000 2000 4000 5300 6000 7000 8000 S0 " 1000 1500 2000 2500
M_; (GeV) p, (GeV)
Inclusive: Mg > 4000 GeV Exclusive channel
S/B = 500/100 (3000 fb-1) 48 —%1° 11° 49

S/B =120/30 (3000 fb-1)
Measurements become possible |

FINAL October 2003 SLHC prospects Albert De Roeck (CERN) 24



T MSSM Hi ggs hHAH

O ckober 2002

R N O

]

N

100 200 300 400 500

600 T00 BOD 900 1000

My (GeV)

In the green region only SM-like h

observable with 300 fb-1/exp
Red line: extension with 3000 fb-!/exp
Blue line: 95% excl. with 3000 fb-1/exp

Eu 1 ] I 1 LI
. C.Kao
1 A/H—-pp | f
41— 14 191.3" —
| Energy dependence |
m G0 H 28 Te¥,  —
& ; -
z N I -
N S
20| \ '
Ii ) 100 TeV _
10 -—lal P ' _. ]
%’ : T 200 Tev ]
20 400 600 800 1000
M, (GeV}

Heavy Higgs observable region increased by ~100 GeV.

FINAL October 2003
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> Other ways to 'cover the wedge' .

| Use decays of H,A into SUSY particles, where kin. allowed |

.

CMS, 100 fb™’

maximal stop mixing

IV ﬁI‘IllIII|||||llllllllllllllllllllllIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

A, H—>x3x3 —> 4 lept

71 —>|l+7—jet+X, 30 fbo~’

Excluded by LEFP
100 200 300 400 500 600 700 800 900
ma (GeV)

A/H—yy >4
leptons

FNAL October 2003 SLHC prospects

W 100 fb

B 1000 fb™

Excluded by TEF
0 200 400 600 800 1000

m, (GeV,/¢?)

Strongly model/MSSM parameter

dependent M, =120 GeV,
p =-500 GeV,
Mjeptons = 2500 GeV,
M =1TeV

squark, gluino

Albert De Roeck (CERN) 26



Events / 20 GeV

0L

w0

103

0L

0

1
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0EL

I EEEEEEE;ZE:EEEEEEEEE===sEh.

5=2 M, -7TeV

[
)

s = 14 TeW

E wew iwen
|:| W)
L jzeew

@ Signal

— ' 1.5
200 400 600 &0 100 1200 1400 1600
E,miss (GEV)

1800 2000

SLHC prospects

Graviton production!
Graviton escapes detection

ADD type of ED's

Signal: single jet + large missing ET

@ 14 Tev, 100 fb™
® 14 Tev, 1000 fo’
28 Te¥,.100.1b7"
i 28 Tev, 1000 b’

M, reach (TeV)
Loy
(]

]
j]

10 &

| |
2 3 4

On
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> Extra Dimensions at (S)LHC

Large extra dimensions — black holes in the lab?

A black hole event with My, ~ 8 TeV in ATLAS .
Spectacular signhature ! ..and in CMS

42 CMS Detector and Event

Atlentis

File Lights Clips Anims “iewpoints Misc Physics Events
8.7 e———m o

o2 RS B ol

Black holes decay immediately (t ~ 10-26 s) .'
by Hawking radiation (democratic evaporation) :
large multiplicity, small missing E, jets/leptons ~ 5

FINAL October 2003 SLHC prospects Albert De Roeck (CERN) 28



\

> Black Holes
% 10 Oiot = 0.5nb
E (Mp £ 2-Tev,.n=/) Cross sections for
S0 black holes can be
T LHC very large
10 i n_4
10 May dominate the
=120fb_ _ = _ ______ particle production
10 eventdy Jr o= g
er yearmj| (Mp =6 TeV, n=3) - at the LHC
N M, =1 TeV L"LL\
. ATy N But can also be
10 | statistics limited
]-['I_H __________ M, =7 TeV Ik'-L.;L"H for' |le'9€ Ms Cmd
9 | | | | | 1'1,;"-1‘ MBH (add ~ 1 TeV)
" 0 20040 4000 6000 BOO0 10000 12000

, My, GeV
Landsberg,Dimopoulos ™"
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@ Other Extra Dimension Scenarios

Randall Sundrum model TeV scale ED's
e Predicts KK graviton resonances o KK excitations of the y,Z
e k= curvature of the 5-dim. Space e'e
e m; = mass of the first KK state ... | | B
e B e L PR VAR 10°E <
. Tevalron j; . E E
u [Rel<MZ ] % 102; _;
O,OTEE Allowed Region jff . Eg E 0 _E
— A, <10 TeV g — o =
= 0055 ’ LHC - SLHC 3 5 ]
v, o ;j E . T E _;
o Obhquexparamete > 95% excl. i — 20|00 T 40|00 — 60%8 —
« o limits ] m, (GeV)
001 I10|(]OI ) Izﬂlﬂl{}l — I3Ci||'.]0I — I4D|DDI - I5CI|GI(}I - IE-ODO DireCT: LHC/6OO fb-l 6 Tev
m, (GeV) SLHC/6000 fb-1 7.7 TeV
1001000 fb-1!: Increase in reach by 25% || Interf:SLHC/6000 fb-* 20 TeV
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104

L {(fo )

Universal Extra Dimensions

y in the bulk!

* 00
RRRK
W X

S
XX
’
o%e

41Fq
AR=20

0 o200

1000
R7' (GeV)

1500

2000

Search: e.g
4 leptons +
ETmiss

Increase of the sensitivity to R-! from 1.5 TeV to 2 TeV
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o [ Strongly Coupled Vector Boson

If no Higgs, expect strong V,V, scattering (resonant or non-resonant) at J§~ Tev

4 Difficult at LHC. What about SLHC?
a v, Vi . degradation of fwd jet tag and central jet veto due to huge pile-up
VL,‘< - BUT : factor ~ 10 in statistics - 5-8c excess in W* W* scattering
1 — VL — other low-rate channels accessible

Scalar resonance Z, Z, — 4/

Fake fwd jet tag (In| > 2) probability
from pile-up (preliminary ...)

¢ 25
5 Em 3000 fbt I sione!
% - 5 20 2z
A w e L _,c_,gw.a 7 9922 (SM)
&
_ 12.5
. % 10 not observable
o 7.5 at LHC

Koo 600 700800 900 10001100 1200
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CMS (]
New Z' Gauge Bosons
Z" mass (TeV) 1 2 3 4 5 6 | |
o(Z e e )(fb) | 512 [239] 25 | 038 | 0.08 | 0.026 | With Z-like
T (GeV) 306 | 624 | 942 | 126.1 | 158.0 | 190.0 | couplings

Number of events
—
o
w

F H
(\ LT Vs=14 TeV, L=100fb ™" | .
i \s=28 TeV, L=100fb ™"
10 . L
YWs=28 TeV, L=1 ab~ H
LI S T ® Vs=40 TV, L=100f"" | .
e’e” and w Ty modes
A two experiments Vs=40 TeV, L=L ab™! #
Mass of 2/, TeV Ys=100 TeV, L=100fb . .
L] ° II B B -L
Includes pile-up, ECAL saturation.. — vsiorev.i-ta H

s=200 TeV, L=100fb! H‘
Reach: LHC/600 fb-! 5.3 TeV | oorev, it o |

SLHC/6000 fb-! 6.5 TeV RN R
LHC-28TeV/600 fb-1 8 TeV 1000 10000

Di Reach fi ' V
FNAL October 2003 SLHC prospects iscovery Reach for 2" (GeV)

Tevatron (pp) Zx
.\\ ® 3000 fb™' Vs=2 TeV, L=15fb"! . . Z,
LHC ipp) Zn




CMS

Compositeness —

J§ <<A : contact interactions gq — qq
2-jet events: expect excess of high-E; centrally produced jefts.
{5 ; vs=14Tev M;>6.0 TeV 2— 28 TeV my > 11 TeV
-3 | L=30001b" * Aomd0 Tev @ | 3000 fb! O A =BDTev 1+ | cos @* |
Z\d  PYTHIA-5.7 A A,=50TeV § . h o ¥y =
¢ | Z 1—|cos 6*|
= 0.5 — -
=T S 0s :
i = f 0* angle btw jet & beam
: :_3 2Ry, 444l . # b dd * If contact interactions
I " — excess at low ¢
7| L1 1 | [ ‘ [ | [ ‘ [ I
0 10 15 20 25 a 10 20
X X
95% CL 14 TeV 300 fb! 14 TeV 3000 fb] 28 TeV 300 fb! | 28 TeV 3000 fb!
A (TeV) 40 60 60 ~ 85

« For this study, no major detector upgrade needed at SLHC
(but b-jet tag may be important)
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CMS

Indicative Physics Reach

Ellis, Gianotti, ADR
hep-ex/0112004+ updates

4

Units are TeV (except W W, reach)
%Ldt correspond to 1 year of running at nominal luminosity for 1 experiment

PROCESS LHC SLHC VLHC VLHC LC LC
14 TeV 14 TeV 28 TeV 40 TeV| 200 TeV| 0.8 TeV | b TeV
100 fb! | 1000 fb! | 100 fbl | 100 fbl| 100 fbl| 50O fb! | 1000 fb-1

Squarks 2.5 3 4 5 20 0.4 2.5
VA 26 4o 450 I 180 906
Z 5 6 8 11 35 8t 30t
Extra-dim (5=2) 9 12 15 25 65 5-8.5t 30-55¢*
q* 6.5 7.5 9.5 13 75 0.8 5
Acompositeness | 30 40 40 50 100 100 400
T6C (1) 0.0014 0.0006 0.0008 0.0003 | 0.0004 |0.00008

T indirect reach Approximate mass reach machines:

(from precision measurements) Vs =14 TeV, L=10%4(LHC) : upto~ 6.5 TeV
Vs =14 TeV, L=1035(SLHC) : upto~ 8 TeV

Vs = 28 TeV, L=1034 : upto~ 10 TeV
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CMS —

Summary »

The LHC luminosity upgrade to 103 cm-2s-1 (SLHC)J

o Allows to extend the LHC discovery mass/scale range by 25-30%

e Could allow the first measurement of Higgs self-coupling (20-30%)

e Allows further access to rear decays such as H—pp, yZ, rare top decays...
e Improved precision on TGCs, Higgs branching ratios,...

It will be a challenge for the experiments/needs detector R&D starting now
especially if one wants to be ready to "go" soon after 2013-2014

In general: SLHC looks like giving a good physics return for modest cost.
= Get the maximum out of the (by then) existing machine

An LHC energy upgrade to Vs ~ 28 TeV
e Will extend the LHC mass range by factor 1.5

e Will be easier to exploit experimentally (at 1034 cm-2s-1)

e Is generally more powerful than a luminosity upgrade

e Needs a new machine, magnet& machine R&D, and will not be cheap
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CMS

Expected Detector Performance

The main challenge will be for the detectors
« Tracking and b-tagging
* isolated high p; (> 20 GeV) tracks - it should be possible to maintain
similar efficiency and momentum resolution
 without a tracker upgrade, for fixed b-tagging efficiency, rejection against
light quarks will deteriorate by factor 8-3 (p; ~ 50-200 GeV)
 Electron identification and measurement
* For electron efficiency of 80% jet rejection decreases by ~ 50%
* Muon identification and measurement
* If enough shielding is provided expect reconstruction efficiency and
momentum resolution not to deteriorate much
* Forward jet-tagging and central veto
» Essential handle to increase S/N for WW and ZZ fusion processes
» Performance will be significantly degraded — though algorithms could be
optimised
 Trigger
* high thresholds for inclusive triggers; use of exclusive triggers selecting
specific final states, pre-scaling

= D. Green
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@ What if Planck Scale in TeV Range?

‘ - Schwarzschild radius | ..within which nothing escapes the gravit. force
2 Mg,

M, > ¢’
4 + n-dim., Mgy~ Mp~ TeV R, ~ ! (MBHjnlﬂ R, > ~10-1%m
MD

4'dim-' Mgr‘avi'ry: MPIanck RS ~ Rs — <« 10-3%¥m

Since My, is low, tiny black holes |
of Mgy ~ TeV can be produced if 7 A
partons ij with \s; = Mg, pass at a e, Rs /
distance smaller than R >brane

- Large partonic cross-section: o (ij > BH)~ n RS2
‘o (pp — BH) is in the range of 1 nb - 1 fb
e.g. For My ~1 TeV and n=3, produce 1 event/second at the LHC

- Black holes decay immediately by Hawking radiation (democratic evaporation) :
-- large multiplicity
-- small missing E } ‘ expected signature (quite spectacular ...) ‘
-- jets/leptons ~ 5
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