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Past few decades

“Discovery” of Standard Model

through synergy of

hadron - hadron colliders (e.g. Tevatron)
lepton - hadron colliders (HERA)
lepton - lepton colliders (e.g. LEP, SLC)



What have we learned the last 50 years
or
Status of the Standard Model

The physical world is EFLEMENTARY
composed of PARTICL ES

Quarks and Leptons

i

interacting via force carriers

Force Carriers

Last entries: top-quark 1995
tau-neutrino 2000

7 EXPERIMENT



Test of the SM at the Level of Quantum
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HERA: Tests of QCD

e

Running of as

as from Jet Cross Sections

- H1 Preliminary

" a(u=Q)for Q> <100 GeV? (HERA I)
* o u=Q)for @*> 150 GeV? (HERA I+lI)
~—— Combined <o (u)> (incl., 2-, 3-jet)
from Q2 > 150 GeV

NLO uncertainty

¢

o= . . ..

10 Q/GeV

as(Mz) = 0.1168 = 0.0007 (exp.)

Joachim Mnich | DESY Particle Physics Programme ,-’fi‘,.:}‘-,
| DESY |

oY

T

0.3

0.1

0]

jet

jet

PDG 2008

\ t,Y production, ete-
“\._ JADE,TRISTAN, LEP

1.7-190 GeV

10 102
H GeV

+0.0046 (1) ) +0.0016 (PDF)

Isfahan April 2009 | Page 5



HERA: Tests of Electroweak Interactions

- Textbook example: electromagnetic and weak interactions become
equally strong at high energies

HERA I &I

F E I T T TT ‘ I ] I T T T TT | E
% - % H1e'p NC 94-07 (prel.) -
Q 10= A H1 ep NC 94-07 (prel.) E
'g_ - o ZEUS e'p NC 06-07 (prel.) -
o E o ZEUS ep NC 05-06 =
% - —— SMe'p NC (HERAPDFO1)
S 107 —— SMe’p NC (HERAPDF01)
© = 3
103  * Hie'p CC03-04 (prel.) =

= A Hiep CC 2005 (prel.) -

;_ = ZEUS e'p CC 2004 _;

= e ZEUSepCC04-06 E

10° _ —— SMe’p CC (HERAPDFO1) |

= —— SMep CC (HERAPDFO1) s

= y<09 =

= P.=0 -

1 0—7 _— | | A I | ‘ 3 | I | | 2 | | —l:

Yvaui WLl | ULO 1 Faluuis ru-!:gw riogiannne E&; 10 Q@ (GeV?) Isfahan April 2009 | Page 6



HERA: Tests of Electroweak Interactions

- Polarised CC cross section

HERA Charged Current e“p Scattering

= 120 L L L A A I B ]
= ep—vX -
8 o H1 2005 (prel.) :
S 100 * H198-99 8
B A ZEUS 98-06 |
- e'p =X 7
80|~ * H1 99-04 a
. A ZEUS 06-07 (prel) |
B A ZEUS 99-00 .
60— ]
- == HERAPDF 0.1 7
40— _
200 2 Q*> 400 GeV> ]
I y<09 | - Noright-handed
0 | Ll T N N R N | h d t
)4 05 0 0.5 ] charged currents
Pe
Joachim Mnich | DESY Particle Physics Programme ,-fl‘,-““‘-, Isfahan April 2009 | Page 7

| DESY |



Status recent Summer Conferences

Standard Model Analysis

Measurement Fit  |0™-Q"|/g"

0 1 2 3Fjtto17 high-Q2 observables
m,[GeV] 91.1875£0.0021 91.1875 plus Aoipaq:
[,[GeV]  24952+0.0023 2.4957 M D ~ o
oL [Nb]  41.540£0.037  41.477 m— x~/ndof = 18.2/13 (15.1%)
R 20.767+0.025 ~ 20.744
A 0.01714+0.00095 0.01645 mmm Largest X2 contribution:
R, 021629 + 000066 0.21566 mem A'(%\Ilitrr)‘ll\ft‘cihié:’;?rftl EP)
R, 0.1721£0.0030  0.1722 | the fit is too good!
AD 0.0992+0.0016  0.1030 ———
A 0.0707+0.0035  0.0742
Ay 0.92340.020  0.935 mum Afb(b) has largest pull: 2.9¢!
A, 0.670£0.027  0.668
A(SLD)  0.1513+0.0021  0.1401 mm—

however . . .

m, [GeV] 80.398+0.025  80.374
[y [GeV] 2.140 + 0.060 2.091 m—

m[GeV]  1709+18 1713 m ... many key questions ogen

0 1 2 3 .



Key Questions of Particle Physics

60 - 1/a,

50 -

origin of mass/matter or
origin of electroweak symmetry breaking

40 -

.30 -

»

unification of forces

20 -

mit Supersymmetrie

fundamental symmetry of forces and 10 - oyl
maltter 1 O R S I I

0 10° 10" 10"
Wechselwirkungsenergie in GeV

unification of guantum physics and ,
. stars Daryon neutrinos
general relativity dark energy dark matter

number of space/time[dimensions

\4

what Is dark matter

what is dark energy



Solutions?

Politzer Wilczek

.

- Forall

Hofstadter  Steinberger
Schwinger

Feynman

eV scale or below

-

Gross ISI Glashow Wein er

new particles should appear

gFoE== 1
b

I
Richter

r

Supersymmetry
New particles at = TeV scale, light Higgs
Unification of forces

Higgs mass stabilized
No new interactions

cessful for ever ??

g
VeI_an 't Hoo

Technicolor

New (strong) interactions produce EWSB

Extensions of the SM gauge group :

Little Higgs / GUTs / ...

ft

5 "
(TP 3 3

Selected NP
since 1957
Except P.

Higgs

Extra Dimensions
New dimensions introduced
mGravity = melw [ Hierarchy
problem

solved
New particles at = TeV scale
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Proton-Proton Collisions at the LHC

s 2808 + 2808 proton bunches
separated by 7.5 m
— collisions every 25 ns
= 40 MHz crossing rate

51011 protons per bunch

sat 1034/cm2/s
= 35 pp interactions per crossing

pile-up
— = 109 pp interactions per second !!!

s in each collision
= 1600 charged particles produced

enormous challenge for the detectors
and for data collection/storage/analysis

7/6/11



Enter a New Era mu '-‘undiental Smence

- scientific pr01ects ever, |s the most“exclmgfﬁrn ﬂf e)

y ok ; .HJ‘?;*FE‘




Specialised detector to
study b-quarks I CPV

heaVy 10n colhslons




Key feature: reconstruct
secondary vertex

LHCb Preliminary

EVT: 49700980
RUN: 70684

|
il



- gty \7

. m - \

Key feature: reconstruct
> 20’000 charged tracks in
one event

physics

- :

i ALiE

iy e—— e —
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Tsinghua University Beijing, January 2010



HERA: Impact on PDF

Fits to new combined HERA data: HERAPDF1.5

HERAPDF1.0 HERAPDF1.5

. H1 and ZEUS HERA I Combined PDF Fit : H1 and ZEUS HERA I+I1 Combined PDF Fit
St — =
= : Q% =2 GeV? i Q=2 GeV* g
G- —— HERAPDF1.0 = i —— HERAPDFLS (prel) E
B exp. uncert. / L B exp. uncert. /
|:| model uncert. " |:| model uncert. = /

- parametrization uncert. - parametrization uncert.

0.6

0.4 0.4

0.2 0.z

HERA Structure Functions Working Group

Joachim Mnich | DESY Scientific Council May 16, 2010 | Seite 19
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Stored Energy in the LHC

m = reached m =goals
E | | r 1rriri I || ] 1 I 1rriri I || 1 1 L L L L L I T 3
i LHC (ultimate) m
: O
I LHC (nominal) 1
: LHC Goal 2010
I - = ]
LHC Injection LHC Oct. ‘10
- SPS :
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= RHIC. Tevatron |
E L L L1 111 I [ L 1 L1l 0L 11 I 1 [ 1 L1 1.1 I 1 E
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Beam Momentum [GeV/c]
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Overall LHC efficiency in 2010
65%
avallabllity

|
~50/pb
delivered

I‘I
OLE

venin
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important tesis of pQD and detector performnce
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Jet production at 7 TeV

Tevatron LHC
ECM= 2 Eey= 7 TeV
CDH_E‘]” Il Preliminary CMS prelimlnary, 60 nb1 \fg 7 TeV

1o

—_
Q,

Iyl<0 5 {x1024)
0.5<lyl<1.0 (x256)
1.0<lyl<1.5 (x64)
1.5<lyl<2.0 (x16)
2.0<lyl<2.5 (x4)

2 5<lyl<3.0 (x1)

Kr D=0.5 O0.1<ly’" 1<0.7

—ea— Data
Systematic uncertainties
—a— NLO: JETRAD CTEQG.1M
corrected to hadron level

T

i = i = Max piE 12 =,

- PDF unceriainties

fo/dydp_ (pb/GeV)

-t
Oﬂ

10 — NLO pQCD+NP"
[ ] Exp. uncertainty & 1}

L

10" - Anti-k; R=0.5 PF \  aw-oon

| llI.I.IJI. 1 I!IIJII

20 30 100 200 1000
p, (GeV)

x7=p7//s=0.005

mportant test of pQCD over many orders of magnitude
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UTOI/

o Ohiggs (M= 150GEV)

| |
L 7Tev |,
. I
V yandul g

0.1

.
Ecy (TeV)

10

—
o
e |
1

3 =] =
Events/sec for L = 1033 cm—“2s-

—k
A
o

;)D W and Z production at 7 TeV

i 4

. (%, Q2)

.| CMS Experiment at LHC, CERN
i| Run 133877, Event 28405693

f| Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

Electrons p=34.0,31.9 GeV/c
Inv. mass = 91.2 GeV/c2




Muon

Electron p*
1

“e-.. Neutrino

Llnaew [yingg evem

( ETH Institute for
N Particle Physics

2 GeV

nts 7

number of eve

CMS 2010
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29pb” @\s=7TeV _

W and Z production at 7 TeV

80

10
M(n

number of events / 2.5 GeV

Felicitas Pauss & Glnther Dissertc... _...

29pb” @ \s=7TeV |

—eo— data
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CMS 2010
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HERA PDF

- Combination of experiments

s e.g. proton structure

- HERA PDF important to
describe LHC results

L
w

s e.g. W asymmetry

dow+/dne — doy- | dn-
dow+/dne + dow-/dn-

o
Ao

AMe) =

Lepton Charge Asymmetry

o
-

Joachim Mnich | DESY Scientific Council

36pb! at \'s=7TeV
| | | I I | I I I I | | I I

CMEEWK-1 0-006-003 / CERN-PH-EP-2011-024 (arkivi 1103 3470 —

pT'E““ > 25 GeV/c

oW — ev
oW —puv

) === HERAPDF1.5 (prelim.)
et === MSTW2008NLO
—— CTIOW

——— ™ 1 171  —

2
Lepton Pseudorapidity |

May 16, 2010 | Seite 27




=CMLUVII Llial

YT AdoyllllliCL y 111 HHIVIUOIVC vV

We are ableto produce precison EWK measurements good enough to

congrain dnnificantlv the PDF nlnhal fitg

CMS+LHCb (*) Ns=T7TeV | Q?=M, ratio to NNPDF2.1
I | | | |
13
041 p.'>20GeV ; 4 [
T LHCDb, prelim. 16.5 pb ; NNPDF2.1
= I + prelim p | 1.25¢ .
5 = Wopv | |NNPDF2.1 + WASY CMS 30 GeV cut
€ U2 — 12F
£ I | o
> M. Ubiali, LHC EWK Workshop Apri
3 oL cMs,preim 3sp i : R Aprl
® W MCFM+MSTW2008NLO 2011)
= 1 L L 4 l.l\’ 1]
-t T
X
202+ - .
O
- | |
2 -04 =
3 T T T T T 1 1 C|MS|'_| 1
LHCb
06 -
| | | | |
0 1 2 3 4 5 — pr 3 rp |
Lepton Pseudorapidity | i i g P "
G. Tonelli, CERN/INFN/UNIPI SPC_272_CERN

20 2011

June 28



Top quark production at 7 TeV

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST
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2 3
Events/sec for L = 1038 cm—2s-1

CATLAS
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Summary of main electroweak and top cross-section measurements

ATLhS Preliminary

Ldt 35 - EDpr\
».,l‘ ?TBV

THeorj-,r {NL@}
| Data 2010 {~35 pb Y
o De:ita 2011

JLdt:E
" 156 pb! |

Measuring cross-sections down to ~ 10 pb
Uncertainties dominated by systematics in all cases except Zy, WW, WZ
Good agreement with SM expectations (within present uncertainties)

pxn |mon+n| precision starts to rhn”onno 'l'honr‘\l 'Fnr' \A/ 7 tob-bairs 3030




)) Excellent performances 2010

Excellent start-up in 2011:

d Experiments demonstrated
readiness in the exploitation
of the 7 TeV p-p and
2.76 TeV Pb-Pb data;

d analyses proceeded very

Events/GeV

rapidly;
CMS Preliminary d Experiments have about
Vs=7TeV, L =40pb’ completed their journey
through the Standard Model
o Inass (Gev/c) ... and have started to take

us into uncharted territories
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Not enough data yet
[ Interesting in 2011 and 2012!
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Search for the Higgs-Boson at the LHC

proton - (anti)proton cross sections

events/sec for L=10"cm s

10" g
. I()g Glot
Production rate . s
. Tevatron LHC
of the Higgs-Bosons o
GD
. o o1om 10"
as well as its decay possibilities 1
10’
("Signature (or picture)” S SR
as seen in the detect 3l o,
1 e =T | T v = a,
F bb . E ol 10 .
- \ ] c,(E" > 100 GeV)
E A Y . 10"
[ * =z
L i 10
10-1 = B ‘ll / = -
= = 5 10 5,
T E = g W \ / |IJ ] 4 jet |
EE [ = f\x“ \ 2 1O Gjet(EI > \/s/4)
m [ ,_:.; S Wl /l_l : 10 O M, = 150 GeV)
= ||-' -.“. \‘I“t g
102 L / ‘~\\ \ = 107 E g, (M, =500 GeV)
- f \\\ i o7 bl
. \ \ | 0.1
L ||| Zv | '\\ = ,
_ _ﬁ_‘f'?;;‘h\h\ / | Vs (TeV)
103 [ .'fJIII / \ltll \I'. ! \ 1 1 [BEERR(RRRE (RR 3434

1 7__/\ 102 " VII\:HI'LE:(IEG\E{EEI)IU\JIMIMI L ) 1IIJE*\]une 2009



CMS & ATLAS Projections Compared

—
-

95% CL Limit on ¢/ogy,

—
<

F’rcuected 95% CL Limit on G/GSM

:ﬁﬁffffﬁéﬁfffféfffﬁ - 1fb TTEV S — 1 fp @ 7 Téﬂjﬁfff:

... e

¥ 5fb fTeV| ... —5 fb- @ 7 TEV ................ ]

120

200 300 400 500
Higgs mass, m [GeV/c?]



Summary of Prospects

SM Higgs Search Prospects (Mass in GeV)

ATLAS + CMS 95% CL 3 o sensitivity 5 o sensitivity
% 2 x CMS exclusion
1 fb-1 120 - 530 135 - 475 152 - 175
2 fb-1 114 - 585 120 - 545 140 - 200
5 fb-1 114 - 600 114 - 600 128 - 482
10 fb-1 114 - 600 114 - 600 117 - 535

Higgs Boson, if it exists between
| - masses of (114 - 600 GeV) will either
be discovered or ruled out in = next

two years
[ Decided to run in 2011 and 2012

3636



) The 2011 and 2012 run ...

Search for physics beyond SM
Discovering new particles
Making precise measurements of
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New Rough Draft 10 year plan

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

M J|J AS OND|JIFIMAMJ JASON|D|IFMAMIJ JASON|DIJFMAMIJ JASONDIFMAMIJASONDIFMAMIJJASONDIJFMAMIIASOND

L NNNEN - NN ENRNNRREN - 101 NNNRENEN] - AR N RN NN NN ENNNNN i ANNANEEN - 1) INNNEEEEEE -1

Machine: Splice Consolidation & ‘
Collimationin IR3

ALICI

- Shutdown will

beam

s extend far into

ICons¢

LHCh
?Cryo-co I\;ma!mn point

jectors  (ENRINININY | SRR R (N I (NNENENE N NENNNNEN] N AN

SPS upgrade ‘ ? SPS - LINAC4 connection & ? PSB energy upgrade |

X-Masmaintenance
X-Mas maintenance

update of European HEP Roadmap

| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 |

JIFIMAMI|J|A|S|IONDJ FMAMI|IASONDIJFMAMIJ|JASONDIJFMAMIJ|JASONTDIFMAMIJ JASONDUIFMAMIIJASOND

U NN NNENNENN -1 NRENNEZR RN | ENNRENANE -0 INEENEENE - 1N INNNNEENE - I NEENEEA NN

Machine: Collimation & prepare for
crab cavities & RF cryo system

Machine - maintenance &

ATLAS - New inner detector

ATLAS:m\

e Shutdown

ALICE- In

o r 201 -
WZQJ“ZQ 018 Plan to continue

LHCb - full trigger upgrade, new

vertex detector etc. until around 20 '
Injectors | 0] | IERNNENNEEE 1 ENRENRREN| | NN EEEEEEA

SPS - LINAC4 connection &
PSB energy upgrade

ALICE - Second vertex detector
upgrade

X-Masmaintenance

CMS - New Tracker

X-mas maintenance







Next decades

Road beyond Standard Model

through synergy of

hadron - hadron colliders (LHC, HL/HE-LHC?)
lepton - hadron colliders (LHeC 7?)
lepton - lepton colliders (Lc (ILC orCLIC) ?)



Linear e+e-Colliders

N The machine which will complement and
extend the LHC best, and is closest to be
realized, iIs a Linear e+e- Collider with a
collision energy of at least 500 GeV.

PROJECTS:

0 TeV Colliders (CMS energy up to 1 TeV) [l Technology ~ready
ILC with superconducting cavities

0 Multi-TeV Collider (CMS energies in multi-TeV range) 0 R&D

WO bBea ccelerartion

4141



il Cavity Gradient Milestone Achieved

o

Electropolished 9-cell cavities

JLab/DESY (combined) up-to-second successful test of

| B AICPG1.0ct2009 WAAPG6.Jan.2010 SLCWS Beijing 26.Mar2010 OTDP Rev.5 30.Jun2idl |

100

90

80

IWLC2010

|

TDR
Goal

70 1

B0 1

S
— 50
ke,
2 a0
==
30
20
10
0
>10 >15 >20 >25 =30
max gradient [MV/m]
22-Jan-11 Global Design Effort

EAILC QI A

2010
Milestone




Gradient at CLIC 4*10-7 BDR and 180 ns pulse length

Evolution of breakdown rate

10 T T T T
= —<&-BDR at 25(msec, 100MV/mn
g
= ' 1400 : %
I R R : °
M o)
. é exp(-t/400hrs)
_ r 3900 T o
= \Q
=
T18 —strong tapering (continuation with recirculation » 280 .
10°
0 1000 2000 3000 4000
T18 — strong tapering (CERN built 550 Rum start time since RF on (hours)
BDR vs Eace
TD18 — waveguide damping 1300 d points which were intentionally taken
R ws Eace at 252nsec at 1571-1726
TD18 - WaVEgUidE‘ da n'lpil"lg 3200 vs Eace at 512nsec at 33000y

5364 0 Faped 014
E

a e v

Eacc®
3050 7
(<> A 1500
LR
QN
r ﬁ/".‘ﬁ
108

50 85 20 95 1m0 105 110
Eace (NV/m)

101017

T18 and TD18 built and

TD18_Disk #? BDR vs Widch

tested at SLAC and KEK Wt
4~ BDR 100MVim around 2800hr - 4
real prototypes with S0 sestvmacssstsarmie | GO |
improved design are T24 : b é”,é’/mﬂ.sa
and TD24 E 0 ’
measurements in plot on % o
the right for TD18 at KEK :
10 i

0 100 200 300 400 S00 600
Width ns (set value)

101017



Next decades
Road heyond Standard Model

through synergy of
“-On’(\e"
hadron - hadron_coliggTs ene'S’ _ et
ders (LHeC ??)
colliders (LC (ILC or CLIC) ?)



Past decades saw precision studies of 5 %

of
our Universe [l Discovery of the Standard

Mode
The LHC is delivering data

We are just at the beginning of exploring
95 % of the Universe




Past decades saw precision studies of 5 %
of

our Universe O Discovery of the Standard
Model

The LHC is delivering data

We are just at the beginning of exploring
95 % of the Universe

exciting prospects
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