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Overview

* EXciting time

 Where are we today?

* Large Hadron Collider

* Look beyond msugra

« Scan and hierarchy study
* Mass determination

e Summary
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Z Exciting new era

Pesees ——

E
k
P

e,

Physics Beyond Standard Model Partha Konar (PRL)




Fil: 1341 I: ODIGaW 2132000 30:10:11
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. Latest from the LHC: a well-deserved break
6 Dec'10 - ~21 Feb'1l1l

7/ TeV Collision : 29 Mar'10

 ~ 50 pb-1 of Integrated lumin

ATLAS Online Luminosity Vs=7TeV
[[] LHC Delivered
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< Exciting new era
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A long way

Tevatron discovered the top qu
Precision measurements from LE
new physics possibilities

— Many new physics scenarios excluded =
Dark matter and dark energy discovered
— Informed (inspired?) model building
Neutrino masses aren’t zero
Calculational tools greatly improved
— Much better handle on backgrounds

..... + many more
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a‘ Many more questions

Is there supersymmetry at the TeV scale?
What is the source of electroweak symmetry breaking?

Are there new Z bosons?

Are there extra dimensions?
What is the source of dark matter?
What do neutrino masses tell us?

Many questions will likely remain even with large data sets from the LH
Next year at this time we will be in a very different position
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2 Standard Model

SM is a Non-abelian Gauge Theory

Standard model provides excellent interpretation of
experimental data starting with LEP

Where is electroweak symmetry breakin

Measurement Fit  |O™ea_Qft/gmeas

m, [GeV] 91.1875+0.0021 91.1874
I, [GeV] 2.4952 +0.0023  2.4959
S0y [Nb] 41.540 + 0.037 41.479
R, 20.767 + 0.025 20.742
A 0.01714 £ 0.00095 0.01645
0.1465 = 0.0032 0.1481

0.21629 + 0.00066 0.21579

0.1721 £0.0030  0.1723

AL 0.0992 +0.0016  0.1038

Tevatron Run Il, pp atJs = 1.96 TeV

¢ Jets o CDF Preliminary

.-
eavy Flavor = CDF Published
= M Theory

w

A2° 0.0707 £ 0.0035  0.0742
0.923 + 0.020 0.935
0.670 + 0.027 0.668

Y4

z
w
2y

A(SLD) 0.1513+0.0021  0.1481
WW ¢ WZSlngle sin“0'°?'(Q,) 0.2324 +0.0012  0.2314
=
=
~10 orders = Prz my, [GeV]  80.399 + 0.023 80.379
of -EI 5 r,, [GeV] 2.085 + 0.042 2.092
W 1ggs ew m, [GeV] 173.3 + 1.1 173.4

] [y
Vet Hen, W' 2 W, 2 Wy & Wz ¢t | 22 M Ne July 2010
J’F;ayo Viy

- M, =160
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Standard Model
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o_(E." > 100 GeV)
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SUSY : jet + missing energy

% 200 CMS preliminary ] f;Dquﬂb: tanﬁi& u:o
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http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf

Supersymmetry

o Supersymmetry : Very predictive
* No knowledge on SUY mass spectra
- SUSY Dbreaking!
* Large no. of parameters
» Specific benchmark points
Do we miss some interesting signals?
* All SUSY masses as free parameter — Scan??
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Alternative view of search

Quantitative Searches Qualitative Searches

1 30°=19,683,000,000,000

|00 GeV = 3TeV by AM= 100GeV = 30 points
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Neutral LSP: Example

Q—L—H
Q—+B—+H
Q—+B—+L—+H
Q—+W—H
Q—W—L—+H
Q—-+wW—-+B—H
Q—W—B—L—H

Suppression Decay product
none jet
lepton

(eI = = T P = S =
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Under the Lamppost

”0>0h )hhhﬂ 12768
30240 [ 10080 | 1824

19770 6030 1500

4656 | 1296 | 312
1656 | 396 y

(R-parity) we can have up to 8 leptons from cascade
decay channel + (Up to 2 more leptons from V) , In
total, we can have up to 12 leptons.
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8 lepton events

e For the given Q, we scanned Optimistic, optimistic:
the W, L, B, E and H mass terms. How soon can we get

109 ¢
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M e ;"ri"[‘; M M M e M g My 4 ._ﬂ-rﬁp___,é - ' Tayr EE{Q?Q__’_BI‘?FE 18
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600 | 500 [ 350 | 210 | 130 [ 120 | 120 | & |
700 | 600 | 420 | 2 150 | 130 | 120 ol
800 | 700 | 480 160 | 130 | 120 |
900 | 800 | 500 | 170 | 130 | 120 100 |,
1000 | 900 | 510 | : 170 | 130 | 120
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BR(QQ - B lep + 2 jet = K
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8 lepton events

xxGQWLBEH
LHC 7 TeV

e Simulation : PYTHIA + PGS

e Count isolated leptons with
Pt cut : electron |10 GeV
muon 3 GeV
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Missing E;, tri-Ieptons,'s

— Classic SUSY signatures _
OR may be, being too opti

- Missing E;, 8-leptons!!!

e Have to probe mass spectrum

— Usual method is using kinematic endp

Prove couplings have SUSY relation
— This is another motivation for future colli
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Events@LHC: Different viewpoints
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Mass scale measurement

Ey =3 E,sind,
—

1

Find: The mmdimoem vaive of the Mandelstam wvariable consistent
with the measured values of the otal anergy E. total visible momeaen-

wrm (P, Py Pz and Aissing B

fPE 4+ M2
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AN /dES (per 20 GeV bind

+ GMSB SUSY events
— identify the N4N1 threshold from

the 2 photon subsystem
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e The peak of V/5,..., locate the thresholds for individual
dominant production sub-process

e GMSB study-point - GM1b : EW and strong productions
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*’ Dark matter at the LHC

The “Standard signhals”: Missing transverse energy
+ maybe jets, maybe leptons, maybe photons

Physics Letters B

I n V a ri a n t m a S S [ ‘ volume 231, Issue 4, 16 November 1989, Pages 539-547
i i Measurement of the mass and width of the Z“-particle from
\ | multihadronic final states produced in e*e™ annihilations

PR R P S VPR S
T - -

Transverse Mass (MT)

M} =m-(e,v)

= (|59T| + |§vr|)z — (}_5«3'1* + Dy )2

Physics Beyond Standard Model Partha Konar (PRL)



Transversification

 If §yand gp,are obtainable : M,, = max{m, (py,,dr, ), m(Pr )}

If we don’t know the * Butsince we don't get them, we can do partition !
Missing particle mass, we M, > Mﬂiﬂljﬂ [max{m. (p.. ), (B, d,)}]
need to guess it's mass to intin=ly

formulate each
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Second Transversification

» Having projected on the transverse plane, one can
additionally project on the direction of Upstream P

* The endpoints of “perp’
distributions are stable

against Prvariations
Konar,Kong, KM Park 2009

Invisible 2

N(M,) = Y  H(Myr(M.)— MJBFE(M.))

all events
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. Summary

» EXciting time to cross-check the facts
 New physics at TeV energy scale
 Dark Matter motivates new physics

« WIMP — our best bet

* With improved search strategy for BSM

* Tune with latest tricks in studying missing
energy events.
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