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two most important
slides from LHC so far



Standard Model Production Cross Section Measurements  siaius: varch 2015 JLdt
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two (quite different) discoveries
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Events/5 GeV
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‘easy’ new physics
ruled out at Run1 (?)



Run?2 = Subtle New Physics
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BSM means operating
N this moving field

©GC Images



BSM means operating
N this moving field
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Outline

* Precision top observables and subtle new physics signals

Precision Observable Programme on the TOP
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* Precision top observables and subtle new physics signals

Precision Observable Programme on the TOP




Moo related observaples

measurement at =0.5%! = precision QCD

Distributions used for top mass should be well under control

Many observables have been proposed ()

A 4

Suitable to look for subtle effects


https://agenda.infn.it/getFile.py/access?contribId=6&resId=0&materialId=slides&confId=9202

Status

measurement at s0.5%! = precision QCD
* precision Is systematics limited (JES, ..., hadronization)

The strength of the future LHC top mass measurement will build on the diversity of methods
= not very useful to talk about “single best measurement’
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leading uncertainty from theory can be reduced

pT(top) reweighting smaller than other methods (Lxy, pTZ ...)




NLO E*(mtep)

Agashe, RF, Kim, Schulze - in preparation

pT;>30 GeV, n;<2.4, pTE>20 GeV, nk<2.4
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Miwop related observaples

Distributions used for top mass should be well under control

Many observables have been proposed (link)

A 4

Suitable to look for subtle effects

my guess for t— ty°

* max(Mmoemin) (truly”?) unaffected

* mrz2 larger end-point

 Ev affected by top polarization (mayoe smai)

e pre, Lxy,S(tt)), affected by top DOOSt maybe smai)

To know the answer we need to see signal injections


https://agenda.infn.it/getFile.py/access?contribId=6&resId=0&materialId=slides&confId=9202

New physics effect on Moeand Eb
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New physics effect on meeand Eo
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New physics effect on meeand Eo
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A first look at scale uncertainties
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A first look at scale uncertainties
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A first look at scale uncertainties
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on-shell tops

Mbe at NLO
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Many measurements

Use the correlated effect in many observables that is expected from a new physics source



Many measurements

several different mass-sensitive observables can be used and give
independently disagreement from the SM: QCD or new physics effect?

Use the correlated effect in many observables that is expected from a new physics source
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Subtleties of the subtle effects

Amiop=300 MeV despite 5% deviations in the tails
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.. a delicate task
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Subtleties of the subtle effects

Amiwops1 GeV and large deviations in the tails
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Subtleties of the subtle effects
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beyond RPC SUSY

e generic "top-like”

new physics
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lop as a trigger

stops from top in RPV SUSY

hadronic stops in RPV SUSY
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stops from top in RPV SUSY

hadronic stops in RPV SUSY
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lop as a trigger

stops from top in RPV SUSY

Petersson, Torre, in progress

4 displaced
. . search
hadronic stops in RPV SUSY %

resonance
search

would appear Iin top properties measurements



lop as a trigger

Ferretti, RF, Petersson, Torre, in progress

stops from top in RPV SUSY

4 displaced
search

hadronic stops in RPV SUSY X

resonance
search

would appear Iin top properties measurements

CMS “BR” measurement 1506.05074
CMS “Vib” measurement 1404.2292



lop as a trigger

, Torre, in progress

stops from top in RPV SUSY
+ more exotic models

hadronic stops in RPV SUSY
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lop asatrigger

stops from top In RPV SUSY

+ more exotic models
hadronic stops in RPV SUSY BSM hadronic top
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lop asatrigger

stops from top In RPV SUSY

+ more exotic models
hadronic stops in RPV SUSY BSM hadronic top
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would appear Iin top properties measurements



lop as a trigger

Ferretti, RF, Petersson, Torre, in progress

stops from top in RPV SUSY
+ more exotic models

hadronic stops in RPV SUSY BSM hadronic top
RPV A"

displacead
search

would appear Iin top properties measurements

CMS “BR” measurement 1506.05074
CMS “Vib” measurement 1404.2292




Precision |et rates”

Inclusive Jet Cross Section Measurements

Incl. jet R=0.6, |y| < 3.0
-1yl <0.5,0.1 < pt <2TeV
-05<|y|<1.0,0.1 <pr<2TeV
-10<|y] <1501 <pr<2TeV
-15<|y| <2.0,0.1 <pr<2TeV
-20<]y]<25,01 <pr<0.9TeV
-25<]y|<3.0,0.1 <pr <0.5TeV
Incl. jet R=0.4, |y] < 3.0
-1yl <0.5,0.1 < ptr <2TeV
-05<|y|<1.0,0.1 <pr<2TeV
-10<|y|] <1501 <pr<2TeV
-15<|y| <2.0,0.1 <pr<2TeV
-20<]y] <2.5,0.1<pr<0.9TeV
-25<]y|<3.0,0.1 <pr <0.5TeV
Dijet R=0.6, |y|] < 3.0, y* < 3.0
-y* <0503 <m;<43TeV
-05<y*<1.0,03 <m;<43TeV
-1.0<y* <1505 <m;<4.6TeV
-15<y*<2.00.8<m;<4.6TeV
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Conclusions

* Run2: more emphasis on precision in SM and BSM

 Many new observables for precision SM measurements

(exciting new results e.g. CMS TOP-PAS-15-002)

 Precision can be turned into an asset to search for BSM!

* Top quark is ideal playground because of the precision QCD effort and

motivation for BSM

* Mass-sensitive variables are an “obvious” set of observables to exploit
* Preliminary studies of precision on the shapes started
e Potentially far-reaching approach (RPC, RPV, top-like, ...)

* Jet physics can soon be in the same status



Thank you!



How special is this invariance?

Shape changes, peak doesn't! Shape changes, peak does too
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The sensitivity to the boost distribution is the key
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lop as a trigger

hadronic stops in RPV SUSY

large QCD cross-section for direct production

larger QCD background!
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lop as a trigger

Ferretti, RF, Petersson, Torre, in progress

stops from top in RPV SUSY
+ more exotic models

hadronic stops in RPV SUSY BSM hadronic top
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would appear Iin top properties measurements

CMS “BR” measurement 1506.05074
CMS “Vib” measurement 1404.2292




Precision |et rates”
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New light colored states
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Thank you! (again)



A simple mixing model @
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Each methods based on different assumptions/beliets

e kinematics of the event (going beyond tt— bWbW)

» MC choices (NLO, scales range & functional form ...

.. width treatment, color neutralization, radiation in decays, hadronization)

|deal situation

Have many inherently different methods
possibly based on different experimental objects/quantities

e deal with reconstructed jets
e only-leptons

e only-tracks



Many measurements

The strength of the future LHC top mass measurement will build on the diversity of methods
= not very useful to talk about “single best measurement’




Many measurements

due to different hypothesis, different mass measurement methods can result
in significantly disagreeing measurements: QCD or new physics effect?

The strength of the future LHC top mass measurement will build on the diversity of methods
= not very useful to talk about “single best measurement’
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