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Outline

Disclaimer:         mistakes and omissions are purely my fault... 

Great thanks to all those who gave input and feedback  (via documents, or in direct conversations)

QCD/EWK sector 

(fermions and gauge bosons)

Take-Home
Messages

Higgs sector

BSM sector
Anomalies

P. Hansen



G. Dissertori on where we are:
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NLO QCD describes data over ~9 orders of magnitude!
excellent exp. progress: jet energy scale uncertainties at the 1-2% level

for central rapidities: similar exp. and theo. uncertainties, 5 - 10%
inclusive jet data : starts to be important tool for constraining PDFs, eg.

also by using ratios at different c.o.m. energies
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W/Z (+Jet) Production
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Inclusive

incl. cross sections: 

experimental precision at the 1% level, especially for ratio-observables

excellent agreement with NNLO QCD, both at 7 and 8 TeV

many diff. distributions measured

these data are important handles for constraining PDFs, at the few % level. 

In fact, “theory” uncertainties, in the plot above, are PDF-driven
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+jets

V+jets:

“triumph” for MCs with matched matrix elements and parton showers

also multi-leg NLO calculations available by now

confidence in background predictions for many searches

Astonishing precision!
Note that data is now 
constraining pdf ’s and amp’s. 
(note prominence of NNPDF2 
and BLACKHAT).
<->an argument for LHeC..



Standard EW+QCD theory strikes again:
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EWK fit: she did it again...
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References:
SM prediction: Phys.Rev.D69:053006,2004
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private communication M. Grünewald:

adding mH=125 ± 2 GeV to the EWK fit:

- gives �2 / Ndf = 17.95 / 14,  Prob = 20.9%

- was before:        16.85 / 13,  Prob = 20.6%

- changes in other parameters insignificant

- most important changes in correlation matrix

see also arXiv:1209.1101

R. Lopez de Sa, Moriond QCD 2012
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Heinemeyer, Hollik, Stockinger, Weiglein, Zeune ’12

experimental errors 68% CL:

LEP2/Tevatron: today
LHC: future
ILC/GigaZ

Extending the concept to a BSM framework, 
and projections:

see http://www.ifca.es/users/heinemey/uni/plots/
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The LHC discovery
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arXiv:1207.7235v1 [hep-ex] arXiv:1207.7214v1 [hep-ex]

expected and observed p-values....         

ATLAS and CMS: significance driven by the !!, ZZ and WW channels

besides the excess at 125-126 GeV: 95% CL exclusion of a SM-like Higgs up to ~600 GeV
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Signal strength per channel
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combined

arXiv:1207.7235v1 [hep-ex]arXiv:1207.7214v1 [hep-ex]

Tevatron:
o 3sigma excess
o New MW, Mt

Next from LHC:
o JP  (by end 2012)
o BR’s (uncertain 
+-20% at LHC14)
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Most important of all...

22

our huge investments have paid off, since Danni has one less thing to worry about....

for the full picture you have to google....

seen in a talk by R. Erbacher at SUSY2012



No SUSY signal yet
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in the context of a simplified MSSM scenario

arX
iv:1208.0949v1 [hep-ex]

Interpretations of generic searches

26
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in the context of a concrete model, here cMSSM

squark/gluino masses excluded below ~ 1400/1200 GeV

for m(squark) = m(gluino), exclude below ~1500 GeV

these searches typically target large Meff and large 

difference m(SUSY) - m(LSP)

the very inclusive searches keep sensitivity even for 

m(LSP) up to a few hundreds of GeV (at some stage 

trigger-constrained) 

recently targeting more compressed spectra 

and higher jet multiplicities
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In simplest MMSM version, m(squark)=m(gluino)>1500GeV

Focus is then on third generation squarks.
Only a region around 300-500 GeV is excluded
for M(LSP)<120 GeV. (G. Dissertori)



Indeed no BSM hint, at all. Some examples (G. Dissertori):
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Exotica

30

the philosophy: leave no stone unturned...
examples:
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Z` q 

q - 
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l- 

Z’ with SM-like couplings  > 2.59 TeV

W’ with SM-like couplings > 2.85 TeV

already clear now: if a heavy resonance such as a 
Z’ is found, we need high luminosities in order to 

study precisely its properties, eg. couplings...

8 TeV data: excited quarks  > 3.66 TeV

7 TeV data: quark contact interactions, scale > 7.8 TeV

ATLAS CONF-2012-088
high-mass dijets
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Exotica
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the philosophy: leave no stone unturned...

further examples:

Kaluza-Klein gluon excluded for m<1.5 TeV

arXiv:1207.2409

search for ttbar resonances

ttbar inv. mass spectrum : no anomalies seen so far

modern tools deployed (boosted top reconstruction)

mono-jet/photon searches: nice complementarity with direct DM searches
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arXiv:1206.5663
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But LHC has only started scratching the surface:
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Parton luminosities
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40-50

rise because 
of steep 

fall-off of the 
lower-energy 

PDF, at large x 

from http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html

G. Rolandi, private comm.
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Prelim. Projections : direct searches

34

from the ATLAS/CMS input documents to the strategy process

stop searches

reach in TeV

 “large” masses, small couplings: HL-LHC

 “very large” masses: HE-LHC

   LHC14 will be a new game!

note: LHC projections based on well-tested 

simulations (validated with current data)
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from the ATLAS/CMS input documents to the strategy process

stop searches

reach in TeV

 “large” masses, small couplings: HL-LHC

 “very large” masses: HE-LHC

   LHC14 will be a new game!

note: LHC projections based on well-tested 

simulations (validated with current data)



Very few “BSM hints” at this point (G. Dissertori):

o Top AFB at Tevatron (2-3 sigma)
o W+b x-section slightly high 
o Di-boson x-section slightly high
o Tension between bb and l+l- AFB’s in Z decay 



A theorists view (A. Pomeral, at ICHEP Melbourne):
Things are far from perfectBut not so excellent for all theorists: 

Specially for fans of Higgsless models:

TechnicolorModels

1979-2012

   (Goldstone of the spontaneous breaking of scale invariance)
  Couples as a Higgs up to an overall scale   !  A Higgs impostor

TechnicolorModels

1979-2012

It is not unconceivable that a light dilaton appears 
in Higgsless theories

Dilaton

but be careful about resurrections...But

A composite Higgs
can also still be 
squeezed into 125 GeV



A theorists view (A. Pomaral)Higgs mass range

MSSM

SM (valid up to MP)

Composite Higgs

50 100 150 200
GeV

All possibilities still open!
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A logical next step: ILC
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o Industrial production of SC cavities well established.
o L=30 km for E=500 GeV.
o Japanese statement of interest of being host (40% of cost)



CLIC: A longer term option

!"#!$

%&'$(')*+,-*,./$+01.23$
•  "'&$,1,4567$8058$2)44,19$

(40:,$*,./$;'&,43$<=>>$
?@A/$BC$2.:0D,3$01$/.01$
+01.2$

E$

F4'G,29,($019,54.9,($+)/01'3096$
H'4$!"#!$I32,1.40'$JK!

•  %&'$32,1.40'3$2'130(,4,($H'4$39.5,($
2'1394)2D'1$'H$/.2801,$

•  L2,1.40'$M$,/;+'63$8058,4$.;,49)4,$
2.:0D,3$H'4$N>>$O,@$4)11015P$
–  .++'&3$8058,4$*,./$2)44,19$.1($H.29'4$Q$

0124,.3,$01$+)/01'3096$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
.*':,$RRS$'H$T3$

–  *)9$98,3,$2.:0D,3$/)39$*,$4,;+.2,($H'4$U$%,@$
4)11015$

•  L2,1.40'$J$,/;+'63$1'/01.+$.;,49)4,$
2.:0D,3$984')58')9$98,$;4'54.//,$9'$
/010/0V,$':,4.++$2'39$

W:,4:0,&$'H$98,$!"#!$+.6')9$.9$T3$X$U$%,@!

!"#!$

%&'$(')*+,-*,./$+01.23$
•  "'&$,1,4567$8058$2)44,19$

(40:,$*,./$;'&,43$<=>>$
?@A/$BC$2.:0D,3$01$/.01$
+01.2$

E$

F4'G,29,($019,54.9,($+)/01'3096$
H'4$!"#!$I32,1.40'$JK!

•  %&'$32,1.40'3$2'130(,4,($H'4$39.5,($
2'1394)2D'1$'H$/.2801,$

•  L2,1.40'$M$,/;+'63$8058,4$.;,49)4,$
2.:0D,3$H'4$N>>$O,@$4)11015P$
–  .++'&3$8058,4$*,./$2)44,19$.1($H.29'4$Q$

0124,.3,$01$+)/01'3096$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
.*':,$RRS$'H$T3$

–  *)9$98,3,$2.:0D,3$/)39$*,$4,;+.2,($H'4$U$%,@$
4)11015$

•  L2,1.40'$J$,/;+'63$1'/01.+$.;,49)4,$
2.:0D,3$984')58')9$98,$;4'54.//,$9'$
/010/0V,$':,4.++$2'39$

W:,4:0,&$'H$98,$!"#!$+.6')9$.9$T3$X$U$%,@!

o Two high current drive-beams giving 100MV/m
o Scenario A has 2x luminosity at low energy
   but needs to replace cavities for 3 TeV



Circular e+e- collider :
o LEP3: Double 240 GeV e+e- accelerator in the LEP
tunnel (lifetime is 16min - need replenishing of beam)
o SuperTristan is the same proposal in Japan
o TLEP in a 80km superLHC tunnel (E=350 GeV to 
reach nunuWW and top pair).
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e+e- summary (Terry Wyatt)!"!#$%&''()!*$+,--.*/$
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All with a GigaZ mode to pin down sin
and other Z couplings and an intermediate
mode to measure MW and Mt. 

θW
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Muon Collider

Advantages:
o Polarization, size, energy-spread
o Synergy with nu-factory
Disadvantages:
o Proton source, target, cooling, insane radiation



LHeC: Linear e+- accelerator for ep (eN) @ LHC!"!#$%&'()%&$&'*#&""+,!%*-./!01*
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Energy recovery

Main HEF interest:
o Precise pdf ’s and alphaS 



Photon-photon collider!"#$#%&'"#$#%()#**+,-./(
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Advantages:     Low energy, no e+ source
                      Only a Higgs (or continuum) produced
Disadvantages: Needs R&D, No extensions

γγ → H → anything



Higgs couplings potential: 
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p+p e+e- x-section
 (multiply by L~=1000)

An e+e- machine would be better than LHC.
o 50MeV on mass, 5% on widths, CP information.
o LHC can only do relative widths to O(20%). 
o Self-couplings hard at any machine



Vector Boson scattering potentials:
LHC:
Anomalous couplings in WW+jj : ~3% level
e+e- collider :
Due to fantastic calorimeter (WW->4j) and beam 
polarization: 1% on each term in the Lagrangian!"#$%&'(%)%*')#+,"&-*.'+$'/0'
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Bonus measurements at e+e- (Terry Wyatt):
o MW, weak angle etc (factor 10 improvements)
o Mt to 20 MeV (+-100 MeV theory), width to 30MeV
o Such measurements give indirect access to new physics
   at the10TeV scale.
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Discovery physics:

LHC is better than ILC for direct searches:
o From top resonances mKK limits can be set at ~6TeV
o From l+l- resonances SSM limits can be set at ~7TeV
o Spartners to light quarks and gluons up to 3 TeV
o Spartners to top and bottom up to ~1.5 TeV    

Krakow
Sep 12 G. Dissertori : Experimental Status, HEF

47

prelim. extrapolations from the ATLAS/CMS input documents to the strategy process
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My conclusions for the “short term”:
o It is inconceivable that Europe will stop LHC in 2020. The US is 
also committed to exploiting the full LHC potential.

o ILC (or LEP3) would be a logical and hugely interesting 
supplement, but only South East Asia has muscle to do it now.

o LHeC would be a very nice supplement, but is difficult/unlikely 
on the proposed timescale. 

o The SM triumphed, but no guidance from theory on extensions 
- no more predictions of things “around the corner” - and from 
the real world, the only hint is dark matter.



LS1
2013-14

Prepare machine for ~14TeV and L=1034/cm2/s
Insertable B-Layer, new Si services, shielding+++

Phase 0 
2015-17

Run 2 nominal machine (FDL ~100fb-1)

LS2
2018-19

Machine upgrades to 2 x FDL
new Muon Small Wheels, new Triggers, AFP

Phase 1
2020-22

Run 3 (100fb-1/year)

LS3 New inner triplets, CRAB waist for HL with leveling
new ID, calorimeter and mu upgrades, LVL1 track-trig

Phase 2 Run4 up to 3000 fb-1

ATLAS plans

The detector upgrades are necessary to maintain physics
 coverage with the increasing radiation and particle density 



!"#$%&'&()*+#,%&)-#.$&#.,&/+*#.01#20/.

! "#$%&'(

)&((&#*$+*,-(&-(*
.#&/&-(&0*1-0*
1..#$2&0*34*

)566*7

,-8(819*:&/8;-*
<&28&=

>8'?@$++*
A&&(8-;

6B*
1..#$219

C:<*0D&
)566*

1..#$219*
/&//8$-

,@EFG*
-&&0&0

EFG@0D&*+$#*
/8;-1(D#&*
H<<BI

' !"# $%&'()&%$ $&*+,&%- .&*+,&%- $/&012&%% .-&34)&%. %%&012&%. 5+6 %7&8,9&%.

3 2:;< $%&'()&%$ $=&31>&%$ .%&31>&%$ 7&8,9&%$ .%&'(5&%. %%&012&%. 2?9<,@+() %7&8,9&%.

4 A3)<B<"C@+6< $%&'()&%$ =&0(2&%. %%&0(2&%. D&!+E&%. %7&:+4&%. $/&:+4&%. 2?9<,@+() %7&8,9&%.

5 "*3F< $%&'()&%$ $%&0(2&%. $$&0(2&%. D&!+E&%. %7&:+4&%. $/&:+4&%. 2?9<,@+() %7&8,9&%.

6 3!G< $%&'()&%$ %H&:+4&%$ %=&:+4&%$ $-%/ $-%/ $-%/ 5+6 %7&8,9&%/

I +J1CK(@+29<9?<9L+<MC)69<@+K+@<)+KC+N<M?)<O?69<M12PC2><(>+2,C+6Q<2+,+66()5<M?)<(@@?,(9C?2<?M<4)+&P+K+@?4O+29<M12P6

Total cost: 34MCHF
DK contribution: 200kCHF, hereof ~100kCHF in kind 
Central Trigger Processor board
MoU: Next October. No detailed plans for funding and 
physics yet for us. We should also remember the TRT.


