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Searches for New Symmetries at LHC

» Fourth generation quarks (extension of the three generations)

+ Heavy new vector bosons (W', Z) — Left-Right Symmetric Models
+ Search for large extra dimensions (extension of 3D+1 space-time)
+ Search for supersymmetry: — fermion-boson symmetry

» and many more models (symmetries) ...

+» and many variants ...
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Theory Arguments for New Physics

» (Too) many parameters (25)! F 60 b tra

+ Why three generations? 50 __w

+ Why so different masses (Yukawa couplings) e 1/a;

» Grand Unification (GUT) — couplings? :O __

» Fine Tuning and Naturalness Problem of lz

the Higgs Mass (M, <M _ ) N M L

+ Ultraviolet catastrophe at high energies j “log Q
+ Unification with Gravitation? electromagnetic (y) a,~1/137
» Mechanism of CP violation? - T:F: [y R """ W% a,~1/29

strong IA (gluon) a,~1/10
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rimental Searches for Supersymmetry
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Beyond the Standard Model

SM Gauge Group (unbroken):
SU(3),ep X SU(2), x U(1),

Fermions have the following transformation properties:

0 — Z = (3, 2, 1/6) Comments:
= (3, 1, _2/3) SMis a real gauge theory (renormalizable)
= renormalizability requires:
d = <3’ 1, 1/3) + same number of quark and lepton families
v + conservation of baryon and lepton number
=1, 2, —1/2)
. Absence of gauge anomalies requires
4 » + quantized hypercharges (electric charges)
e=(1,1,1)
Gauge couplings g., g, and g, are different!
relation to electric charge: Q=T,+Y : PANSS 81, 8, A% 9,
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iral) particles
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neutrino can be embedded in SO(10)
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Lifetime ~ 1/MX4

2 >> 10% years m, > 10" GeV
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Behavior of Running Coupling Consatants
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Coupling Conztants Mest
At GUT scale

101!
Energy Scale (GaV¥)

qgs doublets unification scale below
proton lifetime bound !
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U(5)

right amount of Higgs doublets
s correctly predicted sin? 6 = 3/8

ed with masses M, ~10" GeV

ue to new interactions X
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) A |gf2|

2
log A/m SM:, =
> > ) g 167"

[—2/\2 + 6m;10g/\/mf
note factor 2

ences corresponding to physical objects are renormalized.
ratio of bare Higgs mass to the observed Higgs mass of
=107 OM iy =My e + OM,

dered to be unnatural — fine tuning problem

SUSY the quadratic divergences from fermion loops are compensated
y scalars. Only “usual” logarithmic divergences remain.
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the SM

oy |gf2|
g 16T

Alm,| 5 M —2A’ + 6m’log Alm,|

note factor 2

cellation happens if the number of scalars is twice
r of fermions

ent symmetry: 2 x # scalars <« # fermions
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Superpartners

+ Supersymmetry (SUSY) connects SM particles with SUSY partners

+ SUSY partners are different from SM particles only in spin by -1/2.
All other quantum numbers are identical

» SUSY is broken because we haven't seen SUSY particles yet
(different mass of SM and SUSY particles)

» SUSY particles are SM partners with respect to the SM chiral particles
and denoted in the following way:

€, 7€,

€r—€p

» To each SM fermion correspond two SUSY particles!
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Standard particles SUSY particles

Higgs

. Leptons

. Force particles Squarks () Sleptons ) susy force
partcles

ly, there are two Higgs doublets — 4 Higgs states!

rtners not seen (heavy) — SUSY is broken

Breaking Scale should be ~ 1 TeV otherwise hierarchy problem
ppears

16 LHC Recent Results, Searches WS 2012/13



Table 8.1 Chiral supermultiplet fields in the MSSM.

Names spin () spin 1/2 SU(3)., SU(2), U(1),

squarks. quarks Q (i, dy) (g, dy) 3 2 13

(> 3 families) or (IXH' Xa)
it i, = ﬁL iy, = (ug)° 3 1 —4/3
_ or Xa = Vi
d dy = dj; di. = (dy)* 31,273
or Xa = ¥§
sleptons, leptons L (VeL, €L) (VeL, €1) I, 2, —I
(x 3 families) Or (Xv.» Xe)
¢ &L = &y &, = (ep)* A
or e = s
Higgs, Higgsinos  H, (K, #D) (H}, HY o
Hyg (HY, H) C(HS, ) 1, 2, -1

Table 8.2 Gauge supermultipier fields in the MSSM.

Names spin 1/2 spin | SU(3)., SU(Z)., Ucl),
gluinos, gluons o, g S 1, O
winos, W bosons w= wo w*, wi . 3 0
bino. B boson B B 1, 1, @
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coupling unification in SUSY
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16
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SUSY?

ukawa couplings)
— couplings?

uralness Problem of the Higgs Mass

astrophe at high energies
with Gravitation?

nism of CP violation?
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ing (GMSB)
ity SUSY-Breaking (AMSB)
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SY Model (MSSM)

odels (IMSUGRA)

SY breaking and the large number of parameters are concerns!
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MSSM Parameters

- Coulings: g, 9, g' corresponding to the SU(3) x SU(2) x U(1) gauge groups
- Higgsino mass parameter p

» Higgs-Fermion Yukawa coupling y,, Y,, Y. (fermion-Higgs, sfermion-Higgsino)

SUSY breaking parameters:

Masses:

» gaugino masses M, , M, M, associated to SU(3) x SU(2) x U(1)
> scalar squared mass parameters

Mé, M%], M%, M%, M% correspondingto  (u,d), , u;, d;, (v,e )., e]

» trilinear Higgs-sfermion-sfermion couplings: A, A,, A

e
- 5 2 2 2 2 2
» scalar Higgs mass parameters: m;+u’, mo+u’, m;,=Bu

can also be re-expressed by: tanf=v,/v, Vvi+v:=(246GeV)’

In total 124 parameters in MSSM
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neutralinos

charginos

es depend on SUSY-breaking scheme and
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e

0 0

Figure 12.10 The SUSY particle spectra for the benchmark points corresponding to the parameter values SPS la (equation
(12.155)) and SPS 2 (equation (12.156)). [From B. C. Allanach, et al.. Eur: Phys. J. C25 Figure 1, p. 118 (2002), reprinted
with the permission of Springer Science and Business Media. ]

t parameters sets (“Snowmass Points”)
xcluded in the meantime...
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R|SM|=1 R|SUSY)=-1

» R, Is a multiplicative quantum number

s if conserved SUSY particles can
only produced in pairs and
“SUSYness” is conserved in decays

relation: R=(-1)38*+28
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lightest

2) " b > SUSY particle
| | | (dark matter
vt - vt et candidate!)
7 ! dk, : k. : not stable
_____ ik T ijk T ijk
d) e) - )
d* & T
~i 7 Jk i ~7 Jk —i e, ] Jk#*
EL?;QJ-E& = ;jk [_ELuidR — epupdp — () up dy
it dh dy + vpd) d + (Ei)cdigi*} + c.c..
1
Copy = Te= N M (but could be long-lived)
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arity

s AL=1 and AB=1,

g couplings are not excluded in general
y combinations of non-zero terms are constrained!
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rategy at LHC

Irs will decay in cascades
no is the lightest SUSY particle

s detection and leads to missing energy

- - T leptons or
VT / quarks

1

MET
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ATLAS Preliminary Same-Sign Dilepton

® Data
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tes

-g production, g— tt%", m(q) >> m(Q)

I||III|IIII|I?IIIIIII|IIIIIIIIIIII|I_
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production, g— ttx
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at LHC

e LSP (can be very light!)
decays to photon and gravitino
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CMS Two Photon Event

e

Ih""'.

CMS Experiment at LHC, CERN
Data recorded: Tue May 15 01:44:25 2012 CEST

Run/Event: 194151 / 74934725

Lumi section: 76
Orbit/Crossing: 19726567 / 1553
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Other SUSY Searches

Discussed:
» MSSM SUSY searches with neutralino in final state (missing E.)

» Searches with photons and gravitinos in final state (missing E.)
» Searches with same-charge leptons and missing E..
» Searches with R-parity violation

Not Discussed:

» Many more (complex) topologies exist and studied

» SUSY particles could be long-lived and massive (highly ionizing)
» SUSY particles could decay half way in the detector (kinks)

» SUSY particles could form R-hadrons (SUSY-hadrons) which
Interact in the detector

» and, and, and ....
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Summary

» Despite the fact that the cross section for the production
of light SUSY particles is large at LHC, no sign of SUSY
seen yet (in most simple models and analysis)

» Searches will continue with larger datasets and at higher
beam energies (s'?=14 TeV). More complex models will

be studied. Main problem is that the mechanism of SUSY
breaking is unknown.

» SUSY cannot experimentally ruled at at LHC if the SUSY
mass scale is large. However, than it would not solve
the fine tuning problem.
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