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Collider probes of SUSY. Pre SUSY School Rules of thumb using PDF's

A few comments about PDF's.

Recall to produce a particular final state of invariant mass M? one
needs to sample fz;,© = 1,2 at x1,x> such that

M? =35= Sziz>

o(M?,8) = Y1234 [ dv1dw§(M? — Sz122)5(P1 + P2 — P3Py)

Lecture-II Manchester, U.K. July 15-19, 2014.



Collider probes of SUSY. Pre SUSY School Rules of thumb using PDF's
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Collider probes of SUSY. Pre SUSY School Rules of thumb!

1)The luminosity drops off as a function of M?2 as the parton densities
fall off at large z. Reach in v/3 ~ 0.2V/S.

2) Gluon fluxes dominate for low invariant mass final states.

3)As the energy of the collider increases, the reach for high mass
states which can be produced by gluons increases rapidly.

For tt the cross-section increases by an order of magnitude, as one
goes from Tevatron to LHC, mainly because gluon fluxes become
large, o for gg induced production of ¢t¢ dominates over gq induced
one.

4)In general subprocess cross-sections drop off a 1/M?, unless there
are some t—channel enhancements.
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Collider probes of SUSY. Pre SUSY School Rules of thumb!

5)There are almost no differences between g and g fluxes at higher
energies as the relevant values of x are low where these two not differ.
(That is why we did not need to build the much more difficult pp)

6)The g fluxes rather similar in all PDF’'s, it is the gluon which is
different. But at larger x mostly similar. At large invariant mass rather
PDF uncertainties rather small. On the other hand for Higgs coupling
determination, at high luminosity PDF uncertainties will dominate the
error.

7)The b quark is almost massless..this has implications on how to
compute processes which involve a b in the initial state! Relevant for
SUSY. Charged Higgs production or the pseudo-scalar Higgs produc-
tion as b couplings can be enhanced for these in SUSY.
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Collider probes of SUSY. Pre SUSY School When collider energy increases..

Natural question that will arise: As the collider energy increases what
about the reach in mass for producing new particles particles which
have colour charge. Today address only the cross-section issue.

(from a slide by G. Salam.)

Increase collider energy by factor X
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Collider probes of SUSY. Pre SUSY School Requirements from theory

LHC requires from QCD theory:

e Precise inputs
- as

- Parton Density Functions (PDF's)

e Accurate calculations of subprocess cross-sections
- NLO, NNLO calculations of cross-sections.

- Resummation of large logarithms.
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Collider probes of SUSY. Pre SUSY School Requirements from theory

e New physics — large masses — long decay chains Discussions
of SUSY signals — Multijet final states — high order tree level
matrix elements

e PT-NonPT interface

parton-hadron transistion fragmentation functions

underlying event.

multiple hard scattering.

- low pp interactions(minimum bias interactions).
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Collider probes of SUSY. Pre SUSY School Do I need this?

Do I need to know this if all I want to do is look for exotic physics
(SUSY!)?

Answer is yes..We have to have an understanding of the picture to
evaluate and understand the results that are being presented to us
and also calculate new/unusual signals that one may want to propose
to be studied!

Because SUSY signals seem to be really hiding (if they exist) an ap-
preciation of good calculations of shapes of distribution etc. becomes
important!
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Collider probes of SUSY. Pre SUSY School Cross-sections in QCD

Traditional theorist's way!

Cross-sections in QCD Calculated by truncating perturbative expan-
sion to a fixed order (FO).

6(p1,p2; @ {Q1,- -} w3 =l (u3) {679 (p1,p2: Q,{Q1,. .-

+ aS(M]%) a(NLO)(plap2;Q7{Q17' . },/,L%,,UJ%)
_l_ QE(H%‘{) 8(NNLO) (p17p2; Qa {Qla .. }' :u]%u ,LL%)
+ o

The LO (tree level) calculation has a strong dependence on the choice
of scale QQ. The scale dependence is reduced by going to NLO. To
get a reliable estimate of error on theoretical calculation, a NLLO
calculation is necessary.
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Collider probes of SUSY. Pre SUSY School Experimentalists used MC and PS

Using an actual NLO or NNLO calculation in experimental analysis
was a complicated story.

But

1)For precision SM physics.

AND

2) Efficient search for BSM physics.

Inclusion of these in the analyses experimentalists perform are a must!
If it can be automated all the better!
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Collider probes of SUSY. Pre SUSY School What do the Monte Carlos do?

LI
d

0. Pull out one parton from each of the incoming hadrons
(use PDFs to choose flavour and z)

(Frixione + T. Sjostrand)
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Collider probes of SUSY. Pre SUSY School What do the Monte Carlos do?

L

cig

P

1. Make them collide and produce large-p, stuff
(Hard Subprocess)

(Frixione + T. Sjostrand)
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Pre SUSY School What do the Monte Carlos do?

Collider probes of SUSY.
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2. Let quarks and gluons emit other quarks and gluons
(Parton Shower)

July 15-19, 2014.
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Pre SUSY School What do the Monte Carlos do?

Collider probes of SUSY.
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3. Other partons may undergo the same fate at smaller p;'s
(MPI + beam remnants = Underlying Event)

(Frixione + T. Sjostrand)
Manchester, U.K. July 15-19, 2014.
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Collider probes of SUSY. Pre SUSY School What do the Monte Carlos do?
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4. Convert quarks and gluons into physical hadrons
(Hadronization)

(Frixione + T. Sjostrand)
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Collider probes of SUSY. Pre SUSY School Some words

Parton Shower:

The hard process calculated to a certain order in perturbation theory
and parton emission is added.

On top of this add: Multiple parton scattering + beam remnants :
Underlying event!

Hadronisation: How do the patrons convert themselves into hadrons!

For a real description of the data collected in the detectors this is
what is needed!

How to make contact with high precision, higher order calculations
being done by theorists?

Local expertise!
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Collider probes of SUSY. Pre SUSY School Matching PS with FO.

MERGING FIXED ORDER WITH PS

Parton shower

: o
v
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>
v
SUSY AT THE NEAR ENERGY FROMNTIER i3 FABIO MALTOMI

Weadnesday 13 Novembear 2013
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Collider probes of SUSY. Pre SUSY School Avoid double counting.

MERGING FIXED ORDER WITH PS

Parton shower

Matrix elements
=
v
Q
%
v A
Q<R

v
kr > Q<
2?;3.: Possible double counting

between partons from matrix
elements and parton shower

easily avoided by applying a cut
in phase space

SUSY AT THE NEAR ENERGY FRONTIER 13 FaeBio MALTON
Vednesday 13 November 2013
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Collider probes of SUSY. Pre SUSY School For the BSM on way!

PREDICTIVE MC (SIMPLIFIED) PROGRESS

New Loop
technigques

SUSY AT THE NEAR ENERGY FRONTIER - | FaBioc MALTONI
Wednesday 13 Movember 2013
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Collider probes of SUSY. Pre SUSY School Two independent approaches

1)MC @NLO : Frixione and collaborators
2)POWHEG: Oleari and collaborators

3)Automation of MC at higher order: AMCQ@NLO Fabio Maltoni and
collaborators, for BSM.
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Collider probes of SUSY. Pre SUSY School Probing BSM at the colliders

Probing BSM at colliders:

1)Explore the region in parameter space of the your favorite BSM
model and find the region where all the current constraints are satis-
fied. The most difficult ones used to be LEP EW constraints. Now it
is the Higgs mass, Higgs signal strengths! Since mostly these are vir-
tual effects of the new particles on the Zbb coupling, Higgs couplings,
Higgs cross-section, flavor changing neutral currents... etc.

2)In the remaining parameter space identify the mass, spin of the
new particles (if any) predicted in the BSM. Every version of BSM
has some particles accessible to the LHC. At least we all try to build
models which do.
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Collider probes of SUSY. Pre SUSY School Probing BSM at the colliders

3)Identify production and decay modes of these new particles. Two
possibilities:

e T hey are produced 'on shell’. Study possible signals at colliders due
to 'direct’ production.

e [ hey contribute virtually. Get information ’indirectly’ through vir-
tual effects on collider processes: say jet production, 1T~ produc-
tion....

4)Most of the time signal size way smaller than background.

5)Now comes the fun and magic part of phenomenology. Conjure
up observables such that making cuts in that observable will kill the
background without affecting the signal unduly. Needs calculation
of distributions in kinematic variables for signal and background
Lecture-II Manchester, U.K. July 15-19, 2014.




Collider probes of SUSY. Pre SUSY School Size of signals and bkgds?

proton - (anti)proton cross sections
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Collider probes of SUSY. Pre SUSY School Needle in haystack?

So how to find this needle in haystack?

Paint it red and bright!!

How to do that?

Use information from Kinematics

This is 'fun’ part !

Use the Monte Carlos

This is the difficult part, made easy by the Monte Carlo developers!
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Collider probes of SUSY. Pre SUSY School Cross-section predictions.

No. of events = L x 0,£L = 1033cm~2sec—1 — 10fb~1 /yr

We expect to measure signals which have cross-section of ~ 1 pb or so,
giving 1000 events/yr. Cross section for Higgs production for 125 GeV
mass is about 20 pb. Luminosity now is ~ 30fb 1.

Process o(nb) = # of events/sec events so far
Total cross-sections 108 3 x 10%°
W= — ev 20 6 x 108
Z — ete” 2 6 x 107
tt 0.8 2.5 x 107
bb 5 x 10° 1.5 x 1013
central jets (Pr > 100GeV) 103 3 x 1010
Higgs (125 GeV) 0.02 3 x 104
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Collider probes of SUSY. Pre SUSY School Rules of thumb

Rules of thumb: obviously apply only to things simple. Three things
can happen.

e Particles which do not decay in the detector and are neutral. "miss-
ing energy’

e Particles which decay 'instantaneously’ and produce decay products
at the interaction vertex itself which will be detected: through the
energy deposition in the detectors or as charged particle tracks.

e Particles which decay with a life time ~ 10712 sec. and produce a
secondary vertex.
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Collider probes of SUSY. Pre SUSY School Secondary vertex
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The B-mesons, D-mesons have life times of this order!

What is the significance of this? Using silicon detectors the experi-
mentalists can see the presence of the b-flavoured hadrons.
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Collider probes of SUSY. Pre SUSY School Rules of thumb

First discuss particles which decay in the detector:

1)Look at regions of low rapidity: central region. One is free of the
remnant activity. If majority of your signal sits there you are in good
shapel!

2)Choose final states with ~,e7,u~,7—. Backgrounds are usually
smaller because production rates are controlled by electroweak cou-
pling. One pays the price smaller branching ratio into leptonic chan-
nels with smaller rates.

3)Choose final states with properties very distinctive to the signal and
bkgd can not mimic it.
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Collider probes of SUSY.
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Collider probes of SUSY. Pre SUSY School Choice of final states!

The choice of vy final states ideal for the Higgs in spite of the small
branching ratio ~ 0.002 because of the much smaller SM background
which will come from processes like qq — ~vv, gg — vy etc.

The ZZ final state is better than the WW final state in spite of the
fact that ZZ branching ratio is 10 times smaller. The four leptons in
the final state make it much more efficient than the WW final state
which contains two vs.

The most difficult final state was bb final state which has the largest
QCD background and hence was one of the last ones to see the 5¢
signall
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Collider probes of SUSY. Pre SUSY School Backup

BACKUP
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Collider probes of SUSY. Pre SUSY School Matching at higher order.

MERGING FIXED ORDER WITH PS

Parton shower
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SUSY AT THE NEAR ENERGY FRONTIER 13 FaBio MALTON

Wednesday 13 November 2013
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Collider probes of SUSY. Pre SUSY School For the SM processes works!

V+JETS AT THE LHC
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Collider probes of SUSY. Pre SUSY School For the SM processes!

SM STATUS AT THE LHC START
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