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Summary of Petersson’s talke

D

In models with a low SUSY breaking scale the gravitine (goldstine)
is very Light and can be the LSP

The Lightest neutralino can be the NLSP and can therefore decay
only into a goldstine and a gauge or a Higgs boson

1f the neubralino is also lighter than the Higgs and the gauge
bosowns, it can only detav into a goldstine and a photon

In this case the Hiqqs boson can d&t&'j ko a neubraline and a
goldstine with the former decaying into a photon and a second
goldstine

This process qgives rise to a signature with one isolated photon and
missiihg transverse enerqgy in the region pr < 100GeV

I will present a study of this signature within a simplified model
and then I will comment on how bthe effective SUSY model
introduced by Petersson can give rise to this signal
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The bottom-up approach

Cur approat:k

1. Define a simplified model (effective Lagrangian) giving rise to the
sighal we want to study

2. List and compute all the SM backgrounds for the corresponding signal

3. Study the sensitivity of the LHC@¥ TeV with the integrated Luminosity
expected for the next run (15+20/4b) to the relevant BRs (and cou[au,hgs)

4. Look at effective low scale SUSY breaking models that can account for
this signal and see if BRs and coupling interesting for discovery are
allowed

Remaries

1. 0f course in effective SUSY models, the relevant BRs will depend on
more than one parameter (e.g. scalar and fermion masses and mixings),
therefore Limits can be set only on combinations of parameters

2. However, even just the observation of a signal can give important
qualitative information on the nature of the new physics
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Simplified model for y+rMET

o The signal we are interested in is described by the following effective
Lagrangian

»Ceff T £SM 1= »CNP
Sy
m
£NP = \/§f ghxhX?G e %GO‘MVFMVX?
+g>;il Got” M,,x? SIS 77 2@5“Zuxg) + h.c.

o We are inkerested in bhe case it which v/ f , which we Ln&erpre% as the SUSY
breaking scale, is at the TeV scale and m represents a typical soft-mass
parameter cie.[z?e.mdi,hg on the model

o The gi are dimensionless couplings

o The o/, 7" and ¢"” are the usual combinations of the Pauli matrices and
the two dimensional identity matrix
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Cur assum!p&oms

1. The goldstino is the LSP, the neutralino the NLSP and they are the
only s-particles relevant for the phenomenology of YrMET

2. The Higqgs is SM Like with m;, = 125 GeV as suggested bj the Last LHC
resulks

3. The Higgs and Z boson widths are negligibly modified with respect
to the SM ones by the new decay channels

v TR P

D= e e ['(Z — x1G) < 6Tz = 2.3 MeV
4. The neutraline is Llighter than the Higqs boson (bounds on the

neutraline mass in general models can be made very weak)

5. The neutraline detajs promptly and within the detector (nok an
tnvisible Higqs boson d&taj)

1 (100GeNE . /P i o
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& Ghy SIS (1 TeV m2 =

X X
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New d@.ﬂ&j channels
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New d@.&&j channels
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The signal: y+MET

o We are interested i signals with a single isolated photon and missing
tramsverse energy

o This final state arises from our Simplified Model through the following
Feyhman diagrams

o Conkributes in the region g @
pr S /2 | i Zl o i
oy Ek- .
o Focus on this region . f X
o Need ont:j the new vertices: o
hxG, xvG{ x2G q \/ &
q G :
Z, vy g
|
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The signal: h => y+MET
)\ -11-- ; g

g ooyt X

&

o We can use the Narrow Widkh Approximation (NWA) to describe this
process and write the number of signal events in the form

= R Rl _— o

Nl — G BR (}L — X?G) X BRH(X? — WG) X Agg XEed ol ]

s The NWA is reliable unless we're close to the kinematic threshold m, ~ my
and we have verified bthat it is ok up to my ~ 110 GreV

o We use the NWA only to put a bound on BR (h — X?G) x BR (X? — WG)
but we always use the complete matrix elements for the calculations

o Where we expect the NWA to breakk down we define the “effective” BR

o (pp — BC)

BReﬂ-‘(A%BC) = O‘(pp%A)
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Search strategy

o The || cut is chosen to be [n| < 1.44 which represents the barrel ECAL
fiducial region for the CMS experiment (almost the same for ATLAS)

o The pJ. distributions coming from the Hiqqs and Z boson on shell
productions have an end point at m;/2 and myz /2 respectively

o Therefore we can choose as upper pp cut pr. < my, /2

o To optimize the lower p). cut we have studied the signal significance as a
function of this cut for LHC@F with 20/4b of integrated Luminosity

Tokal bq

Pr Siqnal | Ns/v/Np

30 27.4--10° 13% 37 P e

35 16.5-1° 107 3.5 my = 80GeV

4-0 5639 ¥ O 4% BR (h — X%)G) () 2
45 1976 5§85 5.8

0 Q42 33 4%

o The sighal sigmﬁtamce Ls op&imiz.ecl fc»r p%\min — 45 GeV
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Signal acceptances

o The sensitivity of the LHC@% to BR (h — X?G) x BR (X? — 7G) is only a
function of the background and of the signal kinematic acceptance

SV N
BR(h — x3G) x BR(x; — VG)| # . NNE® h B
min O'h X A :

sign

Xl >
o Notice that BR (x} = 1G) =1 for m, <myz bul is expected to be close to
one in the whole range m, < my,

o Therefore all the bounds can simply be applied to BR (h — x{G) for
neutralinoe masses lower than the Z boson mass
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Model Emd@.[pev\d@m& resulks

o We have plotted the sensitivity of the LHC@% with 20/fb of integrated
luminosity to BR (h — X?G) x BR (X(1) — 7G) and ko the G coupling both
for 50 discovery and 95% CL exclusion
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o The behavior of the plots for m, > 110GeV is due to the deviation from
the NWA
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hxG coupling from theory

o We have seen that the h — x]G width can be written in the form

16w f? 2

my,

%
2 4 2
mhghm m
Dih = 36 = 80 (——X)

o Of course here everything depends on m and gny

o They are related to the soft-masses and scalar and fermion mixing angles

o
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Conclusion

o Supersymmetry provides a fascinating solution to the Hierarchy Problem
and is an important candidate to extend the SM for above the Fermi
scale i a hatural way

o However it suffers of strong experimental constraints summarized by the
nown observation of s-particles at colliders

o The hint for a Higgs boson with a mass around 125 GeV also pushes
minimal models in a region of fine-tuning

o This motivates to g0 befjav\o\ the minimal Possibiti&ies (MSSMm)

o We have explored the Possibui&j i which SUSY breaking happens at the
TeV scale giving rise to a peculiar phenomenology in the Higgs sector

o In particular we have also studied the sensitivity of the LHC@¥ to the
decay of the Higgs into v + MET finding that a discovery in this channel
will point to Llow scale SUSY breaking
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