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— Reminder of SUSY and mSUGRA
framework:

— Topology of the SUSY events;
— Leptons identification;

— Measurement of masses and other
properties of SUSY particles in the 2-
lepton channel.

— Extracting masses and parameters from
measurements
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SUPERSYMMETRY REMINDER

SM Particles SUSY Particles
quarks: ¢ q squarks::;;
Adds to each SM leptons: [ / sleptons: i’
fermion (boson) a gluons: & £ |guino: g
: . : charged weak boson: 7' * w* Wino: Ifi ~
bosonic (fermionic) = - I__l__'_”_-_- e } %, chargino
al’tnel’ Higgs:HO o o . chargec |I-;|5~J?.>II|<._.'.~ )
p h A H neutral higgsino: h \AO.
neutral weak boson: Z° Z° Zino: 20 ;/?234 neutralino
photon: 7 y photino: y

= R-parity R = (-1)*®**% can be conserved (RPC) or violated

(RPV)
= RPC implies:
— SUSY particles produced in pairs

- stable and neutral lightest SUSY particle (LSP)

- no proton decay

LSP is a good candidate for cold Dark Matter

MSSM Lagrangian depends on 105 parameters :>

MSUGRA requires only 5 parameters

- Also other SUSY models exist: GMSB, AMSB, ...
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Par. Description
my Common scalar mass
m,, |Common gaugino mass
Ao Common trilinear term
tanf Ratio of Higgs vev
sign(w) | w from Higgs sector




mSUBRA benchmark points

SUSY benchmark points chosen in the (m,, m,,,) plane for different tanf
values:

v’ Systematically exploring phenomenological signatures

v Scanning the parameter phase space constrained by latest

experimental data and Cold Dark Matter abundance.

R I""|""I""|""I'"'|""I""|""I""|""I"":
Coannihilation: Light T in L S i 1< Q:h2 <03
equilibrium with %Y. so ' :
annihilate via %) — ¥t
Bulk: bino %9: light fg
enhances annihilation. o~ }‘-;ﬂf‘ E
— 3
Funnel: H,A poles enhance g R 3
annihilation for tan 3 1. gt N :
= =
. . ' ol 3
Focus point: Small y”, so & e
. : . _ ~ E
Higgsino ;{El] annithilate. E
A T My, 3

Heavy s-fermions, so small At B 2_g

FCNC. —r A
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p
Assuming R-parity conservation

Strongly interacting sparticles
(squarks, gluinos) should dominate
production unless very heavy.

Cascade decays to the stable, weakly
Interacting lightest neutralino follows.
Event topology:

* high p+ jets (from squark/gluino
decay)

— Large E{™s signature (from LSP)

— High p; leptons, b-jets, t-jets
(depending on model parameters).
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Several other possibilities exist,
but our effort has to be as more
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“model independent” as possible. 100 150 200
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— Reduces the signal because of (model dependent) leptonic BRs;

— Heavily suppresses the background: top 1s the dominant one;
— Statistical significance 1s smaller but S/B ratio larger.

— The Same Sign channel has the best S/B ratio — but limited by signal rate
Baseline selection :

« Jet multiplicity > 4, p;!t>100GeV, potes > 50GeV
E™ss > max(100GeV, 0.2xM_) ; Transverse sphericity > 0.2 .
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Pt> 10 GeV, |n<2.5;

Calorimetric isolation < 10 GeV
in a 0.2 radius cone;

Combined muons (e.g. using
information from both the muon
spectrometer and the Inner
Detector)

Overlap removal procedure.

Say AR (muon, jet) the distance
muon-jet in (n,d) plane:

- if AR < 0.4 - muon discarded
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Pt> 10 GeV, |n|<2.5;

Calorimetric isolation < 10 GeV
in a 0.2 radius cone;

If an electron 1s found in the

1.37 <n|< 1.52 region, the
event is rejected (ID services
and ECAL barrel-extended
barrel transition worsen the
performances);

Overlap removal procedure.

Say AR (e, jet) the distance
electron-jet in (n,9) plane:

- if AR < 0.2 = jet discarded

-1f 0.2 < AR < 0.4 = electron
discarded.




® In case of a discovery of SUSY, particle properties
can be measured to verify that they are indeed "

Y part i~ - ~
SUSY partners on XO1
® Edge(s) of di-lepton invariant mass correlated with

slepton and neutralino masses -

¥, —> 11— 0 I"1
® Impossible to reconstruct peaks because X01 (LSP)
escapes detection, more complicated == 57=0
. . - M2(Ig) M<(x1)
relations between masses of particles M[7** = M(x3) |1 - —— o
involved. MEXDN  M*(Ig)

v-Uncorrelated (SUSY+SM) background (two leptons from
iIndependent chains) removed by flavour subtraction:

e'e + B u'u —p(e'u-en), B=gle,

v Leptons can also be combined with jets of the full decay chain
to look for other kinematical edges (M;; or M;)
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Entries’ 4 GeV/ 1 fbr!

Di-Lepton Edge mass measurement (2

Flavour subtraction at work....

1 L L L L L L B B e ||||||||||||||||||||||||2”'Iij 40.11/ 45
I 1 o - : Prob 0.679
R —— SU30sSF ] = 50 : Endpoint  00.86+ 1.390
- —— BKG 055F 1Z £ 1fb-1 i Norm.  -0.3882 : 002563
40~ —--- SU3 OSDF 1 = C i Smearing 2 979 + 1,99
o 40f : Ll 39
- —-— BKG OSDF 1 @ - .
30k | 1 ¥ a0p = E
N ATLAS Preliminary] & EATLAS Preliminary
= - = ED_
_ 4 B u
20 - L -
F 1fb-1 ] 1'3’;—{_
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Fitting function:

SU3, 1 fb1
Edge: (99.7+£1.4) GeV

Truth: 100.2 GeV Flavour Subtraction
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Triangle smeared with a
Gaussian with c =2 GeV
(to take into account
experimental resolution)
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Di-Lepton Edge mass measurement (3

For SU4, the slepton is heavier than ¥, > The decayis: %, — 1, 171"

-20
-40)

dr VML — M2 (12 + M?) + (uM)? ) ) s g -
= 20M,,,, m n : | =2ME + M O(2ME + pt) + (uM
dﬂ"finv (ﬂfﬁw o '??1-‘22 )2 |: 1 mv ( H J (,U J i|

o — 1 | LI LI LI LI LI :{zlll ndl: 1UI5III -IE
= T T T T g 120 TTTTTTT TR T T TTTTTTTT pro 0.839
C —— 504 0SSF :Lqmui_ = Norm 70.07 + 8.971
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Edge: (52.7+£2.4) GeV function in the limit of large
Truth: 53.6 GeV Flavour Subtraction slepton mass, smeared by the
experimental resolution with
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Lepton+jets combination

Assuming that the squarks decays originate the two hardest jets of the event, one can
use the (] || combinations. Each combination has a minimum or a maximum which

provides one constraint on the masses of %%, %% | (.

||q1 Keep the minimum
Mg — e [tM%L—M%g><M%g—M%?TE
”q2 ? M2

”q Keep the maximum
THRESH 1 (mi)™ = [(m3, +mig)(mEy —m? )(m? -
. —_—> ~(m, —m%)\/< y+ e P (m?

||(Z|2 o (md, —m? )(mi )1/(4m£ )
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Entries / 20 GeV / 1 fb!

Lepton+jets combination (2

llg edges
i | ndf 2.3/ 10 I ndt 3.593 /9
S0FF S'U3 Y ' Elndpnint Msﬁﬁ;ﬁ-?ﬂ-uﬂ: = LR L Eﬁdr::. 343,14 122
n ope -0, £ 0., - - I Slope  -0.6258 +0.1294
: Ick=p1 -0.04148 ¢ n.u‘asez? } - bek_p1 -0.0447 +0.0252
30F 1 & eof B
- . & SU4
20 B - !
- 1§ 4 Iy i E
— = = i * | -
o3 ERE 0.5fb-1
- i " 1Y b | | i
- [ e T P R T I - " ATLAS Preliminany
Ij: | 1 U L ] i
= __ __ [] M i -
10 ATLAS Prellmlnarv ] | JL
_Illlllllll | | ! llll' 4 ||||||||||||||||||||||||||||||||||||||
0 100 EEI[] SDD 4[][] 5[][] 600 ?‘DD BDD 0 100 200 300 400 500 €00 700 80O
millg) [GeV] millg) [GeV]

Fit formula: 2 straight lines (for signal and background) smeared by a Gaussian

distribution to take into account the experimental resolution.

Edge: 517+30+£10+£13 GeV Edge: 343+12+319 GeV
Truth: 501 GeV Truth: 340 GeV
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Entries / 20 GaV / 1 fb!

Lepton+jets combination (3

llg thresholds

L)

NNMMMMISMEMSMIMMMMMMMN | ol 97276 | . I ——— 6.359/ 6
“ATLAS Pieliminary| Endeoint 2654+ 17.4 | 2 S0L | Endp. 160.9+ 35.5
- i Slope  0.2114+ 0.0766 g - Slope  0.3279 + 0.2473
C 1 — 40 —]
— -4 = N
: H‘w 18 SU4  05fb-1
3 387 + 1
_ + + + +_ g 20F + ATLAS Preliminaty
- L - ]
: LT & ol i __
S sy AT
: Al &‘ e o um+ :itﬁﬂ#ﬁ# It
T 00 200 500 400 500 600 700 mo0 oo E00 500 400 506600 00 0o

mllg) [GeV] millg) [GeV]

Fit formula: 2 straight lines (for signal and background) smeared by a Gaussian
distribution to take into account the experimental resolution.

Edge: 265+17+15+7 GeV Edge: 161+36x20+4 GeV
Truth: 249 GeV Truth: 168 GeV
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Is performed in order to extract the value of the masses of the particles involved:

MSUGRA parameters determination

Parameter SU3 value fitted value  exp. unc.

Masses of SUSY particles

Observale | SUSmgess | SUSmnge | SUbmyes | Uy T
GVIE] | 6V | [GVIE] | GV S 76
| BRI (O] 0w, ey nmrov e
I e o I S B e
| O] ey | 4B o s
I 0oz | 1)) M), 300.6 GV +5.9 GeV
Ay 489 GeV =189 GeV

With 1 fb-1 the uncertainties on the masses and on the mSUGRA space parameters
are very big - more statistics is needed.
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Important to measure the spin of new particles: it’'s the fundamental
check to ensure that what we have discovered is SUSY!!

The charge asymmetry is diluted because:

1. Usually it is not possible to discriminate the near and far leptons: we sum
m(glfer) and m(glneer) invariant masses

2. The charge conjugated cascade decay (from the anti-squark) gives the opposite
asymmetry. However, cancelation is not exact because at LHC a larger number
of squarks than anti-squarks is produced (pp collider)
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Measurement of neutralino spin (2

SU1 point: 7.8 pb x 1.6% SU3 point: 19.3 pb x 3.8%
Ratio squarks/antsquarks 305 Ratio squarks/anti-squarks ~3

~ ~0 T 12 HF , ~0
a.—azx —>alk " —=alfl"+
219 155 118

In SU3 point, 5+10 fb-1
are already enough to
exclude charge
symmetry

» Cuts on missing energy and jet pt to reject SM background
» 2 Opposite Sign, Same Flavour (OSSF) electrons or muons.
» Subtract background from independent decay chains with
the combination ¢ 11~ +e*e” — u*e’

0.8 CL,=191% 05p gtx = 4-22e-0j’1
. CL_,.=0.234 % 0.4 = %o
> 0.6 — -1 RT > = _
g L=100 fb cL_.=03%0% | § o3l =30 fb-1 ( |Cleom, = 6:64e-10
E- 0-2_— + :E- N +
T —— 0.1ff -+-_+_+__
§ of I { —+ 4 =04 § of + EE S —+—'+‘ +—+-—+— +_ '
o 1 ()] = +
_t:u -0.2;— —+— E '°'1§' + +’+’ |
= 04 2 0
= f = -03 Asymmetry SU3
E -06F- E o4E OSSF-OSOF
_0_ oo ey e e by s by by by by by s Ly _055....I....I....I.\..I....I....I....I....I...
% 20 40 60 80 100 120 140 160 180 200 220 o 50 100 150 200 250 300 350 400
m(jlI"*) (GeV) m(jl) (GeV)
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Conclusions

A brief review of the search strategies for SUSY in the 2-
leptons channels with ATLAS has been presented,
New discoveries possible with early LHC data (O(100)pb)

Accurate knowledge of SM physics and of detector
performance needed for any new discovery
First data taking period devoted to understanding of detector
After that, di-lepton channel could be competitive in the early LHC
phase because its clear signature.
Relations among masses can be determined with a 2-5%
precision already with 1 fb-1 of “well understood” data.

Larger statistics needed to measure the neutralino spin
and to use the relations above to constraint the parameter
space of mMSUGRA and eventually to discriminate among
the various SUSY models.
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BACKUP SLIDES
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Electron & Muon Performances

Muons (P;RECO- p_TRUTH) / p_RECO Electrons Efficiency vs |n|
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