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1. Introduction
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History of Colliders
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LHC | (E,, =14TeV)

“Highest energy on the Earth”
(10T - 20PeV - E_,~ 6T€eV)
,.-?—’- - = i i lze'

E(parton-parton)

~ 1/6 x E(proton-proton)
Hadron colliders giving effectively
~5x higher energies than e*e colliders



Brief History of Particle Physics
InthelLast 30 Years
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The Standard M odel

Elec:trnwak
Mode

Standard
model

Magnetism

QED  Electrod [ong range
magﬁr;ae E&T Electrici

Fermi

] Weak Theory  Weak Force

Short range

SM : checked with <1% accuracy, but
Higgs not yet found (“Missing link” of SM)
m,# 0

Nuclear Force
B ]

Short range

sign of SUSY-GUT
Why 3 families?

gravity? —_—>

SM isnot an ultimatetheory, ---

Find Higgs
L ook for something
beyond SM
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ThelLargeHadron Collider

ALICE

Superconducting
magnets

27 Km ———>

14 TeV Proton-Proton Collider
At CERN




L HC Experiments

Gener al-purpose pp experiments

SR S

pp experiment dedicated to b-quark physics
Single-arm forward spectrometer

Heavy-ion experiment (Pb-Pb collisions)
at ~6 TeV/nucleon
Quark-gluon plasma studies




LHC Machine Parameters

Proton-Proton Collider

Circumference: 26.7 km (using LEP tunnel)

Beam Energy: 7TeV  (Injection E: 450 GeV, PS> SPS>LHC)
1232 MR dipoles B=8.33 Tesla, L=14.3m, 1.9K (2-in-1 magnets)
368 MR gquads B’'=223 T/m, L=3.1m

No. of Bunches: 2808

Bunch spacing: 24.95 ns

Bunchsizeat IP; 16 pm /

Bunchlengthat IP: 77 mm
Half crossing angle: 160 urad

Luminosity: 10%4cm2s? A
Heavy lon Collider —
Po-PbE, : 1312 TeV

Pb-Pb Luminosity: 2x10%" cm2st

~23 pp coIIisions/cr@




oy =14 TeV

LHC: Proton-Proton Collider at E
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Large BG - Analysisisnot easy.

Discovery potential @

Precision measur ement 2




LHC Experimental Challenge

High Interaction Rate
40MHz beam crossing

first trigger decision, fast electronics
datarecorded at ~100 Hz

Large Particle Multiplicity
~20 superposed events in each bunch crossing (min. bias events)
~1000 tracks emerge into the detector every 25 nsec
=>» need highly granular detectors, i.e. large number of channels

High Radiation Level

neutrons,y 's
=» radiation hard detectors and el ectronics

Huge Amount of Data
= World-wide computing grid (for data analysis and storage)



Cross Section vs Particle M ass
at LHC

=» Puzzlein the next dide



Challengesfor
sub-detector system

(Trackingin Inner Detector)

< Such an event every 25 nsec
without Higgs!

“ Searching a needle
In a haystack”

(H-ZZ-4y)

Hnd 4 straight tracks.



Make a“cut” on the
transverse momentum
of the tracks: p>2 GeV

or

find muon tracks.




Muon Detection and M agnet System

ATLAS A Toroidal LHC ApparatuS CMS compact Muon Solenoid




ATLAS Detector

EM Ca orimeterM
Toroid Magnets Hadron uon Spectromeer

Calorimeter (air-core Toroid)

23m

(Weight = 7000 ton)

|Nnner Detector ATLAS Collaboration

M agnet 35 countries
150 institutions
1800 physicists (incl. engineers)




ATLASInner Detector

Barrel Silicon Strip
Detactor

Forward Silicon Strip
Detector

7 ":."- j I.Il :'.II.'-

Transition Radiation
Tracker

Fixel Datectors

« Solenoid Magnet (2T field)

» Pixel Detectors o(rg)=12um (1.4x 10%channels)

« Strip Detectors o(rp)=16um (6x 10° channels)

o Transtion Radiation Tracker  o(r¢)=170 um/straw (5% 10° channels)

= o(pr)/pr ~0.4pr (prinTeV)



ATLASLIq. Ar ECAL




M uon Detector

MDT

Precision
chambers

Trigger
chambers

= — _
10 B 20m

M onitored Drift Tubes(n |<2)
with asingle wire resolution of 80 gy m

Cathode Strip Chambers (2< |n | < 2.7)
at higher particle fluxes

Resistive Plate Chambers (Jn | < 1.05)
with a good time resolution of 1 ns

Thin Gap Chambers (1.05< |n | < 2.4)
at higher particle fluxes




ATLAS Magnet System




Activitiesof ATLAS Japan Group

15 Institutions (UT/ICEPP, KEK, Tsukuba, TUAT, TMU, Shinshu, Ritsumeikan,
Kyoto, KUE, Kobe, NUE, Okayama, Hiroshima, HIT, NIAYS)
~50 Staffs ( + Students)

Toroid Magnets
(Air-Core)

Hadron |
Calorimeter EM Caorimeter

Muon Spectrometer

+ DAQ
+ Software
+ Regional Center

Inner Detector Solenoid Magnet




Thin Gap Chambers "'5

for Muon Triggering in Endcap
Region (1.05< |n | < 2.4)

| lT 1.4_n:én<_ o L8mm —| [:

S0y

TGC production
@ KEK

T1.8mm LGND

Japanese group is making
1056 / 3600 chambers
all the éectronics

1.6m x 1.2m
Triplet chamber

TDC/TMC for MDT isalso
a Japanese contribution.




Inner Tracker

\, : 1 Tracker

Barrel Silicon Strip Modules

Transition Radiation

Fixel Detectors

Japanese Share of the Work

— 6000710600 Detectors
— 2500/2500 Hybrid Boards
— 980/2220 Modules

Production Schedule

— Sep. 2004 Modules Ready
— End 2004 Cylinders Ready

Wire-Bonding of the Module




ATLAS Magnet System

Fe yoke
(Calorimeter)

Superconducting Central Solenoid
( 2T, L=5m, 10m¢, 0.8X;)



Data Analysis System

Regional centers and world-wide networ k
for LHC data analysis

ATLAS raw data:
2.8 PB/year > 4M CD-R’s

For all LHC experiments, need
CPU: 2000k SI95
(100,000 PCs)

Disk: 2600 TB
Tape: 20 PB

Regional Centers
Computing GRID /7 LCG



L ow-f3 Quadrupoles

Production in progress
— 16 of 18 (incl. 2 spares) Quads. Completed
— Production to be completed, early 2004
Test at KEK
— 14 magnets tested
— Acceptable Training
— Good field quality and stability
Delivery to Fermilab for cryostating
— 13 Quads delivered

R

Low-B Quadrupoles

Tests at KEK Warm measur ement

™ ‘il'l | -. il

Inner Triplet Inner Triplet

Sl

[E'T

Cross Section




ATLAS Status

an d SCh ed u | e by y ':?.;.-_ka.f,ﬁ. > .

4
4

» Detector parts under construction
» Experimental hall ready (June 2003) , I _ ;
« Detector installation in the pit (by end 2006) Sy, i = - s
 Detector commissioning (beginning 2007) ' ' = :
« Single beam injection (Apr. 2007)
« Start experiment with pp collisions

(from summer 2007)

Barrel toroid cryostat
pre
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L HC Status and Schedule

«— ¢ First beam transfer line magnet installed
(Dec.2003)
154 SC dipole magnets (= first octant)
delivered (Dec. 2003)

* LHC ring closed (end 2006)
* Cooling LHC (beginning 2007)

* Beam commissioning (Apr.2007)
* Start pp collisions (June 2007)
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_“CERN/LHC Budget Crisis?” >

*

In 2001, it became apparent:
cost increase for LHC completion
tight schedule

In 2002, ERC recommended:
cut non-LHC activities
delay the schedule - start-up in 2007

Former DG

“Old concerns have been overcome

the project’ s cost is stable and its schedul e unchanged,
foreseeing first beam in April 2007 with first collisions

following in June.” (Council, Dec.2003)

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
"
*

< LHC is the utmost priority of CERD ey ——




3. Physics Expected







What do we know today about it ?
 Needed in SM to generate particle masses

e Mass not predicted by theory except that
my, < 1000 GeV (from Unitarity)
—> tighter constraint from the argument of
L andau pole and vacuum stability

(5

. Aty =

L —0,02761£0.00036
1 e 0,0274740.00012

Withawut MuTal

my, > 114.4 GeV from direct searches at LEP

Indirect limits from fit of SM to:
-- LEP1/SLD precise measurements at Vs=m,

-- m,,, measurement LEP2/Tevatron
-- My, Measurement at Tevatron

Preliminary -
400

Excluded

0 el
20 100

my, [GeV]
Best fit of SM to data
m, <219 GeV (95% C.L.)

(minimum y2) found for
my= 917 GeV
= Higgs could bejust around the corner !
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integrated luminosity (fb-1/exp.)

Higgsat Tevatron Run-I1?

Original and Current Plan

—

2 =il SUSWnggs wﬂrkshup -
- Higgs Sensitivity ('98-'99) -!E
: : - 15
b Study ('03) bl
[ statistical power only £ -
| (no systematics) E wl Original Plan
E- TE I,L“Hiﬂﬂ .
4 5 Base »
.._.E:.:§=Z:5= 56 diSCDVE r-y 1 We are Here
AN _ ggue“' ! ‘i'_‘”—‘"ﬂel : Job 2002 2004 2006 2008 2010
100 120 140 160 180 200

o

my (GeV)

M, <120 GeV at 3o by 2007 (?)
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Gluon Fusion

Asoc. Prod. with t/b

G (pb)

Higgs Production at LHC

FEEEE TR LR 0 PR O LS 2R T, EL R PR EE O T RR TN R NS I I
'HJEHE a(pp —= H+X) 17
; \\ Vs = 14 TeV
T 9 \\\ gg —H m, = 175 GeV 1']5 _
._".,l. “\\ CTEmM b
1 o} R 1[]51:1&
. qq —rhuxﬁ\\-ﬁ,ﬁ -
=1 ~ . ) T 4 =
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1072 10° c
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m-ﬂ M. Spira et al. IE "-'|:-:—"H'.'.'|:I. g, e _'__-_i_' i, s 1[]2
NLQ QCD s T
1['-4 O | IJI.|.I.IJI|.IIII|JII.I.I.I.IIJILIIIJI.lI.IJ.JII:'I‘L.tlJI
0 200 400 600 800 1000
—p
Excl. by LEP M, (GeV)



Higgs Decay Process - |
4 Wihoul MuTsY
7]
5
E. -
0 Excluded . v . Prediminary |
20 100 400

my, [GeV]

. Simportant decay modes
in the massregion indicated
by LEP

1000

M, [GeV]

Observation of multiple decay modes
— Detailed study of Higgs properties




Promising channels for SM Higgs boson (H<140GeV)

Production modes

Decay modes
bb TT YV WWwW /7
gg-H X X Mass > SR ——
Discovery Discovery
VBF ? (Y b) - Gw (Discovery) aw2 |
ttH | VY,Y, | Y.Y, | = |- |
WH X S I el et R
x BGtoohigh --—--- o or Brtoo small

Blue: we can measure couplings and mass




Promising channels for SM Higgs boson (H>140GeV)

Production modes

Decay modes
bb TT YV WWwW /7
_ Discovery
gg - H X | mmmem | meee- DISCOVErY | \1cs <pin
Discovery
VBF N GwGz
Gw?
ttH | === | e | oo GwY, | -
(<180GeV)
WH | -—-—- | - | ——-- Discovery | ------
x BGtoohigh --—--- o or Brtoo small

Blue: we can measure couplings and mass




H-ZZ" - leptons

Ieptnn maoss (GeV)

a
v, 80 ate I =
& H—ZZ's4 /% CMS
] [ =
3 + 30, cul, 1[}5 t'_'l"
_'IE 601 tracker iscl., all leplons: P N
“};;,: — (R =02 py>25GeV). -
| (IP/a) <3 L I
e ¥ e bkdg:
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H-yy

8000
T
€ 7000}
S M ,;=130GeV
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2 6000
=
S
2 s000}-
5
&

4000

110 120 130 140
myy (GeV)

A

ATLAS

., M,=120GeV

"
S
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h"

i,

'5-.,1._

m, (e

135

Signal-backgroamd, events / 2 GeV

z

E




M

TT

Dist.for H-T T

Dist. for H - WW

Mumieer o cvenls

+ —
Tt >hvivy,

25

Fal]

15

BG:Z->t t

Signal(120GeV)

40 60 B8O 100 120 140 160 180 200 22
MriGeY)

=120GeV M =160GeV
+ —
_|_ .
T T DAYy WWT S vy
O RURT SUUEE G A '_E 3 [ o reocers )
E T m=120 GeV- E s B ] e Wt bockgraund @
g 6 5 g
- b E
AR - 4 075
: : 1 =
4 tt, WWEW- £
4 o5 |-
3 ¢
2 _5 025 [—
1 B 3
0 = 0
80 100 120 140 160 18 0 50 100 150 200 250
m_ (GeV) M, (GeVic?)
>5c for 140<M,<200 GeV
with 10 fb1

Feature of VBF Process:

High Pt jet in the forward region
Higgs decay products observed in the central
rapidity gap (no color flow)
=» Large reduction of background



10 *

Signal significance

10 |

Discovery Potential of SM Higgs

T L UL L L |

i Ll

H - yy
HH{H — hhj
H = 772" 5 11

H — WW" 5 Iviv

" oggqH — qq“'“f'h
& gqqH — qq

I L dt = 30 " .
(no K-Faclors) &

ATLAS

Total significance

Recent wor ks

For theint. lumi. of 30 fb1,
> 80 discovery
M_>114GeV:LEP limit)

Light Higgs VBF 1 1
Heavy Higgs VBF WW
M, <200 GeV mult. decay mode
M,>200GeV > 200 with
H - ZZ - 4lepton

j_ll.IJ.I. ]

L 1M}

80 200
my, (GeV/ic')

& L 4 i i
120) 141 160)

SM Higgs would be discovered
within one year after LHC start
(10 fb) with > 50 .

= And what’s more?




.-'j.mH_#m H

Measurement of Higgs Mass

ATLAS D> A
m,/m 0.1%
o 300 b2 A
WH, ttH (H - bb)
3 o And its decay width
i 10— T [ T T T [ T T T
10 | =
EI @® H-Z7 - 4]
H->272Z-> 4
3
10
10" .
All channels (assuming abs. scale of
10 H EM cal. known to 0.1%)
| All channels (if it’s known to 0.02%) i ATLAS
. S I P
102 0’ 300 fb
my, (GeV) e T T

M,, (GeV/c2)



From angular distributions of decay

]
(8

M
O

decay correlation function Fd)

—
tn

10

Higgs Spin and CP

productsin H—->ZZ—4l
=» Angle between decay planes of
two Z’s from Higgs decay

— theoretical curve
—— expected errors
— data sample

ATLAS

my = 200 GeV
[Ldt=100 o

2

® (rad)

0.006

0,004

0.002

Azimuthal angle distribution of
two forward tagging jetsin VBF

- do/dad, (H—r) [fb]

“m, =120 GeV .-
o - “'\
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g“(H.X)

A g (HX)

Measurement of
Coupling Constants

0.8—

'

Reconstrction., Detector Bnckgr malizition AN
G W Laminosity shivrpr Masspeak 1
2 Dhetectar of all ol 111

2% Leptom reconstr,

2% Pleton reconst .
. i lC:_'\.rIIIIIIII s Srctinns
3 ocing Afw . BR),
5w Tag-jers .
3 ! | )| | bartween 10 % and 40 %

— i _-__-‘""ll—

Major error sourceisBG
(10—-40 %)

| > Need study of QCD/IMC

Yi Y1 9zzn Owwh
will be determined with

20 % accuracy.

M, = 115 — 140 GeV)

110 120 130 140 150

160 170 180

190
m,, [GeV]
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Super Symmetry

Symmetry between fermions (matter) and bosons (forces)

SUSY Patrticles

Standard Model Particles

| Scalar-
000 Gauge Particles quarks
e 7 @

GUT? leptons

' I

Ve U Ved |

Leptons |

€ Hy .
N\ /| Gauginos

3 Generations Not yet found

H ' Higgsinos
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oupling Constants 1/afu

i~
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Motivations for SUSY

« Solution for the hierarchy problem (protect m,, from divergence)
 Unification of all the forces including gravity
* Provides an important candidate for Dark Matter

Experimental indications:
- Gauge coupling unification (with low E SUSY)
- low mass Higgs

BO — . i ]
Grand Unified Theories ry
i t M;Tdn
i —0.02761:0.00036
C i - 002747000012
4 Without MuTey .
N Non-SUSY SU (5) e
]
=2
F s ] {]
30 E - _
okt
o F SUSY SU(5) o |Excluded NG 7" Preiminary |
[v] Lasiil icoinal i inial sl ool iiiondl igiiial oseinal i el diieal ool iiiiesl sl sl essl o iieal o on ED Tm:' q‘ﬂu
12 I'EI: 'I.'I'a ll:l‘ 1EI-:cl 1(!-" Il:i'1 I-EIB I:'.Ilil ‘EII:I 1|'.‘!I 1|.'.I: I'.'.:'L1| I-:|H !I'.Iw 1Ei“’ 1|:.‘I? ".el!l-
Mass Scale u (GeV) ITIH IGEHJ



SUSY Phenomenology

Minimal Supersymmetric extension of the Standard Model (MSSM)
which has minimal particle content (two Higgs doublets)

! 1

MSSM particle spectrum :

bosons :

guarks — squarks
leptons —  sleptons
W+ —  WInos

+ — charged higgsino

—  photino

— ZIno
—  neutral higgsino
— gluino

4

But still it predicts many new particles
and many new parameters!
(SUSY isnot aperfect symmetry.)

R-parity conservation

u, dj etc.  R=+1for SM particles
~ ~ ~ e R=-1for SUSY particles
e,u,v,ec

= %1 X )

2 charginos

— %% 534 >LSP (Y, 01) isa good candidate
A neutralinos  ©f Cold Dark Matter

g



I\/ISSI\/I Higgs senS|t|V|ty at LHC

Q}_Eﬂ
§ 40
T e h, HO, A0, H
e described by 2 parameters
20 (M, ,tanf ) intreelevel
(tanB =v,/vy)
10
3 e largetan3 —-> bbH/A coupling
: becomes lar ge.
5 HA-T T JM Dbb
4
3  charged Higgsin gb—>tH-
for tanf3 >10
2 |
S N ROl R RO h HSM

\' 4 Higgs observable m, (CeV)
[ | 3 Higgsobservable

2 Higgs observable

5 1 Higgs observable Most region will be covered with 30fb-1




H/A Production

Atanfirtanfi § ¥a)

%’E’?ﬂ / tan3

. H

%J"M“" —~

g9 - bbH/A > 11, uy, bb

Lk =20 &'
il m, = 150GV
" _.-'.lrl. } T -F‘
.
'I
e = ."_ I __-'r."l > i
L] l"
| l-i
l+‘
'i.' lhi".l-i'Flr
(-9 =
1
ak
10
1
1 mn

tanf

’f%m A ATLAS+CMS
i=- v fLdt = 30 16" fexp
30 o Moximal mixing

\
|
20 el
1
I
i :I--\..--
10 Voia
8 - ¥
E 1
r IR :
R 1
b
A4
A
' L A= Zh—>mpb i NVA TN
;L b TR |
50 100 150 200 250 300 3SC 400 450 500

m, (GeV)
—> Important channel to determine tan3



Production

farf

a0 {=>bH", H" =% i

30

g L
‘ : (t,b) Br=90% *
H: .\ . y
b \ (t,v) 10% MMMM

.’E =1 -..r -.' - o
5 o —> , * T
~ | P>
suppressed at tanf~+/m /m, . ATLAS
& fLdt = 300 b~
2 Moximal mixing
CMS 100 fb! 4
30 i 3 ; —
pp=1H H —= w.t—=qb LEF 200x)
5 m,, = 00 Gey, fanf = a0 2
i gbh—>tH", H" —=tb
j L _|
] S0 100 1500 200 250 3 350 d00 450 500

~ 55 ey ents m, (CreV)

Events for 10%0 17 20 GeV

e 1 )
n 100 aco a0l 400 ROL

My (cjel, B ) [Gev]



Mediation of SUSY Breaking

Hidden sector
R
Gravity int. .+
SesY D M
““‘ X
M essenger M-
Gauge mediation (GM SB) Gauge 4

* M, A, Ng, tanp, sign(u)

E

1M

Planck

i I\/IGUT

- 101 GeV ?%

- 100 TeV ?

- 1TeV

- 100 GeV

«LSP=G,NLSP=1y9,

Observabl e sector

Gravity mediation (SUGRA)
* M, My, Ay, tanB, sign(p)
e LSP=1y0,

m, : scalar mass

my,, : gaugino mass

A, : trilinear coupling const.
u : higgsino mass

T
"+ SUSY particles
SM particles



Production cross section q G|
of SUSY particlesat LHC s

My (GeV)

_ g =~
MSUGRA model g q
I | |
1400 - - J vvann,——» a
1fb - —
e -*--ﬂ‘_-q:"u rofsguark : ¥ as55. prod q
1200} 1y b ol q———" g
gluino, squark pair |'.Irli'§ll'.i‘.-"'=__n_
1000 - =
e, 101
800 | .0 2TeV v o e
100 fb '
(09,00,0q) produced via
600 | » - strong processes
Sy 10 q 2TeV
400 |- e =
s, 10 it T _
T k g 1Tev Iarge Cross section
200 §:1TeV i not much dependent on SUSY
] (Ex Ag=0,tanf=35u>0 |2 parameters
| ] |
0 500 1000 1500 2000

my (GeV)
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Decay Processes

T m@<m@ | m@~m@ | m@>m@
qﬁ? 0 — a0
g $ Cﬂvyo(z 2) q(y
gW = (= 4) = tfl
g—
< bb,
~ ~ N . qWO(z
A 4= >ﬁqw+(~ 2)
ﬁq/ G205 w \

Strong interaction

EW interaction



SUSY Signals

m?}:{ .'%_, i} L 1:—:i—_'_:—_;'{highll Pt jet
min (g.q ) -
l l e
X X

Y \L L
¥e = lept
& (missing) \:ﬂ 7

Higgs->bb

Expected event topology

multi leptons
[, + High P; jets + b-jets
T -jets

BG --- tt, QCD, Z+njets, W+njets

5 LHC Point 5
1|:| E..I i e : i e e .l =11
oF
L -8 T
310k T;ﬂ—m— signal ( 700Ge\]
E [174 O E
100 [oF -
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Discovery would be easy.
To study further details,
SUSY itself would become BG.
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What more can one study on SUSY at LHC ?

|n some cases, --- 6 4 x Ik N

Nw.hm - l\ v\
.,
model dependent
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If we arelucky, --- = e m () spctrum

end-point : 109 GeV
exp. precision ~0.3%
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4 constraints — We can determinethe masses.
(3-12% for 700-800 GeV squark, gluino



ATLASEM Calorimeter

Towersin Sampling J
Ages A = 002454005

oz/ E=10%/ sgrt(E)
oy =60 mrad / sqQri(E) | e

DULEr copper Eayer

nner copper layer
kapion

OLUter Copper layer

stainless steel




A Possible Gauge M ediation Signal
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Top and B Physics

m,,,, from t—=/v+J/y+X decays

[nvariant mass m, ,, s correlated to m,,

J v
Cuts: ™ -
S . .
. S0V < "—\-J"" ; W ")
- Isolated lepton: p~20GeV, n|<2.4 gt Lt
" s
2 [ [ ot - AW =) -
- 3 Win jet: pr=> 4GeV, n|<2.4 /}7/’ \‘{F‘i‘?«-ﬂ_
2 s have my ~ my, 2 ~ T )
- [my, -m,[=10 GeV, Emiss=4( GeV
- 2 additional iets: p.>15GeV | |
2 additional jets: p,=15Ge\ + possible extensions

o _ - use b—=Jhy—eteas well.
In 4 vears at LHC high lumi (400 fir1)

~ 4,000 events expected.
stat. error < 0.5 GeV

- use jet-charge method instead
of W—ev, v,

- pTR Y - other heavy particle instead of Iy
syst. error < 1 GeV er heavy p € W



B-physicsat ATLAS/LHCD

(1) Measurement of SiN2[3 using B, — 3/ w(u' 1 )Ka(z" 77)

Events

ATLAS

«datarate  10Hz (2u , Pt > 6GeV) - :
« reconstruction of Jy, K% > B (S/B=32) 1111
e high statistics: 250k event/30fb .

- A sin23 =0.016 (stat.) +-0.005(sys.)
2% accuracy (3 yearslow lumi. run) et LA
. ' -~ Mas;e (GeV)-

LHCD

 low Pt trigger
*TT, e W Separation by RICH [ g
2% accuracy With 119k events/ 2 fb e

. r
PFraper lime ips)



(2) Physics of Bs meson

Amsfrom B, — D, m and Bs— Ds a,

o detectable up to30ps! (LHCb 58ps1?
» measurableup to 0.05pst Ams ~ 12ps

(3) Rare decays

Br (SM) - 35x 10° 15x 1010

Sipnal signal BG

Bl — ptp By — ptp
1 year 10%%em “s 02 14 GG
3 years at 107em—45— 27 4 03

}

5c signal




Extra
Dimensions

Concept of ED isnot unfamiliar.

e Kaluza-Klein
e Quantum Gravity
e SUperstring
e M-theory
=» 10 or 11 dimensional space-time



Is it anything to do with LHC ?

e ED must be compactified.
\0&9‘\6 -> But how large, and how are ED compactified?
o chn,  Various models
\k G « Some ED may befairly large. (Exp. not excluded)
A EAS A o If gravity propagatesin 4+n dimensions, quantum
gravity scaleaslow asM = 1 TeV ispossible.
BU| K - No hierarchy problem!

 Graviton becomes massive. (KK excitations)
» Gravity becomes strong.
—> Effects of Q.G./string may be observed at LHC.

Some models.
e Large ED (ADD model) --- R >>1TeV-1 => Graviton KK excitations
e Small ED (variation of ADD) --- R.~ 1 TeV?
= KK excitations of SM gauge bosons
» Warped ED (RS model) =» Gravitons and Graviscalars(radions)
(Radion ~ SM Higgs; They mix; SM Higgs search at LHC may be confused.)
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Black Hole Production

I T the Planck scale in ~TeV region: can expect Black Hole production

Simulation of a black hole event with Mg, ~ 8 TeV in ATLAS
(Mp ~ 1 TeV, n=6)

Atleptis

e Large cross section

e ~Spherical events

e Many high energy jets,
leptons, photons etc.

Ecological comment:
BH’s will decay within
~10-26 secs, so that
the detector (and rest
of the world) is safe!




It might be possible that BH is produced at LHC.
It will then disappear immediately by Hawking radiation.
And | will get the Nobel Prize.”




Summary of LHC New Physics Reach

SM Higgs

MSSM Higgs

SUSY (sguark, gluino)

New gauge bosons (Z)

Quark substructure (Ac)
a*, | *

Large ED (M for n=2,4)

Small ED (M)

Black holes

M (top quark)

My

CP-violation in B-decay

Rare B-decay (Bs =2 up)

100GeV  1TeV
coversfull (m,, tanp)
<2 TeV (100 fb?)

—> Discovery for sure
+ Some measurements

< 4.5TeV (100 fbrl)

< 25/40 TeV (30/300 fb)
< 6.5/3.4 TeV (100 fbrd)
< 9/5.8 TeV (100 fb?)

< 5.8 TeV (100 fbrd)

<6~10TeV %

oy ~1GeV (~0.5%)

oy ~ 15 MeV

o(sin2p) ~ 0.016 (30 fb?)
~ 50 (130 fbt)

»can say “final word”
about (low E) SUSY

Any one of those will change the
understanding of our universe!



L HC L ooking Down at New Phenomena
In the TeV Region

(Original drawing by S.Orito, arranged by T.Mori et al.)
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