
WG4 SummaryWG4 Summary

Alb t D R k f thAlbert De Roeck, for the conveners
ADR, T. Han, J. Hewett, S Riemann

+ all contributers+ all contributers 

http://sites.google.com/site/lhc2fcwg4/p g g g

1



WG4

2



At this workshop
• New “classical” signatures

– Extend discovery reach @ LHC
Measuring properties of the new particles/interactions– Measuring properties of the new particles/interactions

• New unusual “exotic” signatures
– Impact on present and future detectors (eg at LC)Impact on present and future detectors (eg at LC)

• Connection with flavor physics
• Discussion on data presentation and archiving
• Discussion of “What if” scenarios: which machines are 

optimal/useful for the next steps
– Plenary discussions and discussion sessions on specific– Plenary discussions and discussion sessions on specific 

topics
– General context: the charge of our WG for the physics 

l ll dclasses allocated to us 
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Zprime studies 
T. Rizzo
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Zprime
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G. Azuelos



Zprime

T. Rizzo
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Zprime
Advocated  presentation of the results/sensitivity (M. Carena et al) 
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http://arXiv.org/pdf/hep-ph/0408098



W’ important too
Sensitivity to W’ often larger than to Z’
Less ‘complete’ to extract further information
Of course very meaningful for the interpreation if W’ object is seenOf course very meaningful for the interpreation if W  object is seen
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Zprime: Spin information 
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Zprimes: getting more information
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Zprimes: getting more information
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Zprime: couplings
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Will need more information



Zprime: couplings
T. Rizzo

A case for SLHCf
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Zprime at an ILC
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...But for MZ < 4.√s…



Zprime at CLIC

KK state

M. Battaglia

KK state

Precision similar to LEP
if the Z’ is within the 
direct range
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Zprimes finding not always easy

Weak CouplingsWeak Coupl ngs
Narrow widths

Need a lot of lumi!Need a lot of lumi!
Bump seen at LHC
⇒SLHC needed to
C nfi m & studConfirm & study
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Indirect search
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Zprime like objects: Summary

• If coupling not small and Z’ not too heavy: discoveries with 10 fb-1

(200 pb-1/10 TeV) possible!(200 pb 1/10 TeV) possible!
• Detailed information on Z’ needs more data: full LHC or even SLHC
• Weakly coupled Z’ need full LHC luminosity to be detected and/or  y p y

SLHC or can be missed all together…
• Full map of the couplings needs lots of luminosity or most likely 

another collideranother collider  
– E.g the LHeC  (or a linear collider) can add/resolve the couplings
– If few TeV Z’ like object is found, then CLIC would be the most j

ideal machine (or muon collider, if feasible)
• Indirect Z’ searches at LHC not likely to be useful
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Dynamical EWSB in Warped Extra Dimensions
M. Carena
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Exotic Quantum Numbers of the KK Fermions
T t ith Q 5/3M. Carena

CMS/Les Houches 07 contributuon

Top partners with Q = 5/3
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Single Heavy Quark Production

Tevatron. LHC?
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Highly Boosted Top

Recent developments in models: the prominent role of top production
Top co-anihilation SUSY, top resonances, RS→top top etc.Top co anihilation SUSY, top resonances, RS→top top etc.
Often this leads to ‘boosted top’ ie the hadronic decay jets merge

T. Han et al.

The jets typically appear as ‘fat’ jets
with internal structurewith internal structure
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Re-emphasized as being a major tool for NP searches



KK Excitations of the gluon
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G. Azuelos



Top Resonances from bulk RS KK gluon
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Experimental studies are ongoing



Warped Space KK Gauge Bosons

S. Gopalakrishna
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Not easy with first data



RPV SUSY (e.g. Baryon Triality B3)
H. Dreiner

Proton protected as UDD terms are prohibited
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Missing ET and high PT muons in RPV SUSY
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Color Octet Scalars at the LHC

J. Kalinowski

Cross section
10 1000 fb~ 10-1000 fb
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Black Holes

B. Weber
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Rotating Black Holes
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Included in BlackMax and CHARYBDIS2



Black Holes
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Seesaw Mechanism: Majorana Neutrinos

T. Han
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Seesaw Mechanism: H++ H-- production
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Seesaw Mechanism: H++ H-- production
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Seesaw Mechanism: Heavy Leptons
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Seesaw Mechanism: Overview
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Heavy stable charged particles
GA. Giammanco

D. Milstead
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Heavy Charged Stable Particles

Impact on future detectors: TOF or multi-bunch information
ill b i t t (SLHC?)
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will become more important (SLHC?)
Mass scale determines the energy of the next machine 



Non-pointing photons

Δt reconstruction
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Impact on future detector



Moedal: MOnopole and Exotics Detector 
At th LHCAt the LHC

J PinfoldJ. Pinfold

Figs are preliminary
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The Heavy Flavor Physics connection
G. Isodori
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Λ should not be too large for super-B factories!



Heavy Flavor ↔ High pT Interplay
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Unfortunately no systematic comparison between the 
LHCb and ATLAS/CMS New Physics reach yet…



Importance of precision measurements
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4th Generation
E. Kou, G. Hou
K.F. Chen, S. Sultansoy

Tevatron limits

I thi i th li ht Hi i l d t
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In this scenario the light Higgs is ruled out

New physics required < 1000 TeV



4th Generation
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LHC Sensitivity
Early data will cover the region up to 500 GeV

Tantalizing ‘hint’ from CDF on t’
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What does D0 say?
What is the MC ’tail’ uncertainty?



4th generation E. Kou, F. Richard
• Allowed by precision measurements provided that the quarks are semi-degenerate in mass mt’-

mb’~50 GeV. This extra contribution to T allows to increase S and therefore allows to accommodate 
a heavy Higgs  
S t d th b i f T V b i ( id i d CPV) d id h i f• Suggested on the basis of TeV baryogenesis (provides increased CPV) and provides a mechanism for 
EWSB (through condensat of heavy quarks)

• Can explain various hints of experimental deviations in the B sector and a small excess observed in t’ 
search at CDF se c C

• LHC would cover this scenario with the luminosity foreseen in 2010 since unitarity sets an upper 
limit mt’,b’<550 GeV    (4th generation SM)

• The Higgs sector is deeply modified. One expects mH~mt’ (stability limit) meaning that there is a 
heavy Higgs decaying into ZZ and therefore easy to discover at LHC. Moreover the gluon-gluon 
cross section is multiplied by ~9 allowing an early discovery at LHC

• 4MSSM is possible with tanβ~1 (to limit Yukawa couplings) and would allow to have a light Higgs. 
It would also provide the scalars needed for a 1st order EW transition for baryogenesis if the squarksIt would also provide the scalars needed for a 1st order EW transition for baryogenesis if the squarks 
are quasi-degenerate in mass with the heavy quarks

• LC at ~1TeV would allow to reconstruct precisely the properties of the new fermions more 
particularly for what concerns the leptons not easy to produce at LHC. In 4MSSM where one predicts p y p y p p
a complex scenario (quarks and quarks of the same mass) a LC would allow to disentangle the 
various hadronic states

• In a near future, Tevatron should allow to confirm the presence of CPV in Bs mixing which 
constitutes a important clue in favour of 4th Search for t’ is ongoing at CDF and D0
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constitutes a important clue in favour of 4th. Search for t’ is ongoing at CDF and D0     

Start of the WG4 write-up  ☺



LHeC
E PE. Perez
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LHeC: Leptoquarks
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LHeC: Leptoquarks
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LHeC: Zprime & Contact Interactions
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LHeC: Excited Electrons
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SLHC…
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CLIC: Example
M BattagliaM. Battaglia
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Indicative Physics Reach

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

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

PROCESS               LHC SLHC DLHC  VLHC VLHC ILC             CLIC
14 TeV 14 TeV 28 TeV       40 TeV    200 TeV 0.8 TeV     5 TeV
100 fb-1 1000 fb-1 100 fb-1 100 fb-1 100 fb-1 500 fb-1 1000 fb-1100 fb 1000 fb 100 fb 100 fb 100 fb 500 fb 1000 fb

Squarks                   2.5 3 4                 5             20 0.4             2.5 
WLWL 2σ 4σ 4.5σ 7σ 18σ 6σ 90σ
Z’ 5 6 8 11 35 8† 30†Z                               5 6 8 11            35 8† 30†

Extra-dim (δ=2)        9 12 15               25            65 5-8.5†         30-55†

q*                            6.5 7.5 9.5               13            75 0.8              5
Λcompositeness      30 40 40 50 100 100            400

† i di t h

p
TGC (λγ)                0.0014 0.0006 0.0008                       0.0003 0.0004      0.00008

Approximate mass reach machines:
√s = 14 TeV,   L=1034 (LHC)     :   up to ≈ 6.5 TeV
√s = 14 TeV,   L=1035 (SLHC)   :   up to ≈ 8 TeV
√

† indirect reach 
(from precision measurements)
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√s = 28 TeV,   L=1034 :   up to ≈ 10 TeV



Example of the LHC Outlook

P Ch m nixPre-Chamonix
plot ☺
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More of these plots with 
more details?



Data presentation/storage discussion
• Often released data are presented under model assumptions, thus 

making it difficult to interpret in a different context
• How to communicate/catalogue an excess best• How to communicate/catalogue an excess best
• Time overlaps between running of big facilities (Eg LHC/SLC and the 

LC) could  be small. How to bridge that gap so that (S)LHC data is still 
ll l lfully alive when the next machine comes online?

H H d
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Lively discussion! To be continued

J. Hewett, C. Henderson
J. Incandela



Finally: Questions to Complete for Write-up
• Many of the exotica signals are accessible already with low luminosity. 

More lumi will extend the reach and allows to measure for 
characteristics Some model tests will take more time (Eg little Higgs)characteristics. Some model tests will take more time (Eg. little Higgs)
– Road-map of present knowledge on when we are sensitive to what 

mass  200 pb-1 (10 TeV) - 10 fb-1 (14 TeV) but also higher, up to 
SLHC (s l ) Wh t if NO si l? I t t ti f Si lSLHC (see example). What if NO signal? Interpretation of Signal

– What characteristics can we determine with LHC alone and what 
would be needed as next machine… Energy/luminosity?gy y

– Detector design: unusual signatures. When can we get exp. feedback 
on stopped gluinos, Hidden Valley, Heavy stable charged particles?

F r ur stud : s l ct f b nchm rk pr c ss s lik Z’ l pt qu rks?• For our study: select a few benchmark processes like Z , leptoquarks? 
Contact interactions? Fourth generation…

• Some scenarios identified where good next options would be SLHC, g p
LHeC, ILC or CLIC. No specific scenario for a muon collider, but should 
be similar to CLIC. DLHC/VLHC extend discovery reach, as shown 
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