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Standard Model + fundamental questions

—— |
Elﬁmentary particle®

Mi-i » how come model works ?

EEE does Higgs prevent breakdown ?
V.

puzzles:

» other particles / forces ?

« cosmology !
great success:

agrees with experiment

O=10"eV-10"elV

precision: percent or better



SUSY

(incl dark
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Highlights of the last 10 years

(not all at terascale ...)

* particle properties
C{r o [#.. * electroweak interactions
» strong interactions
bound states

» searches
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Tau neutrinos exist !

Direct
Observation of

NU
Tau

final results
2008:

9 V_CC events
1.5 events bkg
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#* Neutrinos: oscillations and masses

solar: Ve —> Vx +reactors +accelerators

----- Doy 68% C.L.

— @8%, 95%, 99% C.L.
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* sun is doing all right !

* neutrinos oscillate

— neutrino masses not all zero
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s Top Quark

B multijet -

%o 100 150 200 250 300 350
» top properties as expected m3j(GeV)

©m,, =173.1+1.3GeV

CDF+DO

best known quark mass
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Weak triple boson couplings

Vs > 189 GeV: preliminary
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@ Data
Standard Model T
- —— no ZWW vertex
Vv, exchange

170

0 180 190 200

Vs [GeV]

« SM confirmed:
ZWW and YWW



s \“.e;a experimental errors 68% CL: L]
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on SM Higgs
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» tight constraints:

4 4 e 20
— _ Theory uncertainty i
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~1.0 —0.5 0.0 0.5

1.0 1.5
p
Babar, Belle !

AW . . i
o o CKM matrix and CP violation
e
1-5 | L | T 1T 1 | I I Y P | | I T 1T 1 | I 1T 1
: | excluded area has CL > 0.95 |E : ”@/ .
: v : 200"
1.0 - Kobg .
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: Skang
0.5
= 0.0 :— ------------------------
05:_ - precise measurements
+ CPinBsector  _
1.0F - all fits together
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QCD

>10"E D@ Run || ¢ |yl<0.4 (x32)
S 108 o 0.4<|y|<0.8 (x16)
ﬁ 10° s 0.8<|y|]<1.2 (x8)
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=10 s 1.6<ly|<2.0 (x2)
;g 10° A 2.0<ly|<2.4
o 102

10

\s = 1.96 TeV
10’ L=0.701fb"
102E Rgne = 0.7
10°E — NLO pQCD

10 E +non-perturbative corrections

10°E CTEQ6.5M ho=u_=p,

10-6 I 1 L
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pr / GeV

* many successfull tests

- a,=0.1184+0.0007

world average

10 orders of magnitude !



o' ies proton structure
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Hadron masses
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impressive success of lattice calculations



“o‘;“‘es Heavy Baryons and Mesons
S not yet
e

first baryon with

quarks from all

three families ! \

also:

B =bc

J=1/2 b Baryons /

e completing quark model picture
. but: X(3872) ?
* masses agree with theory




%%W\\gs Many many S_earches
(example: SUSY)

CDF Run Il Preliminary L=2.0 fb™
600 L L S B
Inthe calculation of the I Bl observed limit 85% C.L.
===« expected limit
500 Ag=0, tanp=5, u<0 -~ .
( ° squark, gluino
™ - '0. n u
3 mass limits:
400 RS-l
o up to ~ 400 GeV
; 5 no mSUGRA
ég,oo solution
[ -2
=
200 FNAL Run |
100 * no discovery yet
LEP1+2 * many stringent limits
0
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Highlights of the last 10 years

ud cd t
* particle properties

o & b - electroweak interactions
» strong interactions
bound states

» searches

A lot has been achieved !



1999

1999 - 2009 - 2019
consolidation of Higgs ?
Standard Model beyond Standard Model
(except Higgs)
Electroweak scale Terascale
start of LHC

Nov. 2009

2019
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Higgs ;
(incl dark




|II-1II!

WA

X
1,

gaugephobic Un-

higgs SUSY particles

(incl dark

matter) composite
ness




Are we sure what to expect ?

» SM: cross sections violate unitarity for s ~ Tel >  wawwweaavonw
something must happen ! -
W AWMANAMAAAW

« Masses: complicated ... different mechanisms:

Higgs — gauge coupling (W,2)

Higgs — Yukawa coupling (fermions)

Higgs self coupling (H)

Soft SUSY breaking terms (SUSY mass terms)

can that be the final answer ?

be open minded and be prepared for the really new !
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LHC machine
mmm) Rolf Heuer, DG of CERN




LHC detectors beam splash 2008

cosmics




LHC detectors
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SM higgs search at LHC
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expected significance
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final answer !
need a couple of fb-!

not in first year of LHC

| experimentum crucis |
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Supersymmetry at LHC ?

1000 =
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big jump in sensitivity: §,8 ~2TeV (10fb™")

no guarantee that Supersymmetry is within reach




SLHC

=) |>3000/1
per exp.

10
LHC peak luminosity (103‘ecm-2s')

B  No phase |l ® Phase ll

Mew injectors + IR
upgrade, phase 2

collimation
2 phase 2

Linac4+IR upgrade
phase |

2010 2012 2014 2016 2018 2020 2022

extend mass reach by about 25%

example squark/gluino: 3 TeV — 3.75 TeV



(s)LHC detector upgrades

existing
b-layer

phase |
additional
b-layer
R-Z view of 1/4 of barrel showing Z segmentation
28 Z segments Layer 5 lla.;o,?e;:m lg.;omon
10 Z segments Layers 3,4, 5
[— VT Outer Station
28 Z segments /) Layer 3 ?
phase Il ey Layer 2 -- Middle station u
2‘|Zsemnants_ Layer 1 -- Inner station
b CMS tracker
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e*e- linear collider

precision measurements

ILC 500-1000 GeV c.m. technical design choice depends
CLIC 3000 GeV c.m. R&D on LHC results !

QUAD

QUAD
POWER EXTRACTION

STRUCTURE

e-
drive beam (decelerator)
~100 A, ~ 1 GeV

ACCELERATING
STRUCTURES

main beam (accelerator)
~ 1A, ~ 1000 GeV

BPM -
e

NO collisions by 2019 !



2009-2019  neutrinos, bottom, light hadrons

new physics ?

+ reactor based v exp.

+ accelerator based v exp. rare decays

heavy ions

e e 1036/cnf;5/s

or Super-B

+ axion searches, rare muon decays, ...
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Terascale Accelerators 2019

14000 GeV






	Status of Particle Physics�1999 - 2009 - 2019
	Standard Model + fundamental questions
	Terascale Accelerators            1999
	Highlights of the last 10 years�(not all at terascale …)
	Tau Neutrinos – direct detection
	Neutrinos: oscillations and masses
	Top Quark
	Weak triple boson couplings 
	 Constraints �on SM Higgs
	CKM matrix and CP violation
	QCD
	proton structure
	Hadron masses
	Heavy Baryons and Mesons  
	Many many Searches …�(example: SUSY)  
	Highlights of the last 10 years�
	1999 - 2009 - 2019
	Are we sure what to expect ?
	Terascale Accelerators            2009
	LHC machine
	LHC detectors
	LHC detectors
	SM higgs search at LHC
	Supersymmetry at LHC ?
	SLHC
	(s)LHC detector upgrades
	e+e-  linear collider
	neutrinos, bottom, light hadrons
	Terascale Accelerators            2019


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


