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Overview

Susy at TeV scale (MSSM and mSUGRA).

What can we say about Susy scale given current measurements.
How do we discover susy at ATLAS ?

How do we measure susy ?

How do we reconstruct susy Lagrangian 7

Beyond MSSM as multijet resonances.
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What is susy ?

Well, relation boson fermion.

Could provide a DM candidate.
Could help force unification at GUT scale.

Q |boson)y = |fermion) Rp = (—1)3B-1)+2s
Q |fermion) = |boson) LSP=x{
And the MSSM ?

[U, d,c,s,t, b]L,R [e’/i?T]L,R [Ve,,u,r]L Spin 1/2

[Z'I7 a, E,g,’i', B]L,R [é7ﬂa%]L,R [De,y,,T]L Spln 0

g,  W*E HY  ~, Z HY HS Spin 0 and 1

—_—————
g, )Zliw Spin 1/2

But m, # mg so susy has to be broken.

Do it via soft Susy breaking terms and give a mass to susy Particles

Masy = 1TeV.
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SM or MSSM 7

Two possible ways :



SM or MSSM 7

Two possible ways :

» Search for new SUSY particles ::: SM must be extended. ATLAS.
x G (82,99,99,98 — 88,449,98]
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SM or MSSM 7

Two possible ways :

» Search for new SUSY particles ::: SM must be extended. ATLAS.

H
w AW
AM,, ~ IOQ(MH)
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What susy are we gonna have 7

» Search for indirect effects of SUSY via precision observables. SFITTER.

We can use precision observables, like My, to perform a global fit of our susy
model and determine the mass of the sparticles but ... More than 100

parameters in MSSM.
Assume :

» no new source of CP-violation
» no FCNC

Assume unification at GUT scale of :
» gauge coupling
» scalar masses
> gaugino masses

» trilinear couplings

20 parameters in pMSSM.

5 parameters in mSUGRA

mo : universal scalar mass parameter
my > : universal gaugino mass parameter
Ao universal trilinear coupling

tan 3 : ratio of Higgs vacuum
expectation values

sign(u) : sign of supersymmetric Higgs
parameter
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What susy are we gonna have 7

Search for indirect effects of SUSY via precision observables. SFITTER.

B physics
B,(B — tv) = (1.41 + 0.43)10~5
Babar 2008 (superlso)
B,(B — Xsy) = (3.55 + 0.24)10~*
HFAG 2006 (suspect)

Ao = 0.0375 + 0.0289
PDG 2008 (Superlso)

EWPrecisionObservables

» da, = (3.02+0.88)10°
TEWG (Suspect)

» M, = 80.399 £ 0.025 GeV.
TEWG (Suspect)

DM relic density

» Qpuyh? = 0.104 £ 0.009
WMAP (Micromegas)
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What susy are we gonna have 7
With only 5 parameters mSUGRA can be done with MINUIT :

Param || value | error

mo 110 35.8
my 341 1 Mz =770 GeV
tan g8 15.4 0.6 Mgz = 570 GeV
Ao 757 132 M)a) =130 GeV
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What susy are we gonna have 7
With only 5 parameters mSUGRA can be done with MINUIT :

Param || value | error

mg 110 35.8
m1/2 341 1 Mg =770 GeV
tan 3 154 | 0.6 Mgz = 570 GeV
Ao 757 132 Mgo =130 GeV
Putting additional constraints and with proper error treatment :
fE - 483
g2 J&83
gf " g °
sE [t Httd s
g E_-L 'l' 'L 1 1 i +  MasterCode arXiE :8907.5568v1

T WL T BT DS T < E e S DT o e e
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How do we discover susy at ATLAS?

Discover squark, gluino production as an excess of events in

jet(s) + ET + lepton(s) final states.

Example of 4 jet + E’T"’SS. Expect events in the tails of distributions.

Background is QCD, W+jets, Z+jets, tt.

> Leading jet Pt > 100 GeV

» 2nd, 3th, 4th jet P+ > 40 GeV
> Emiss > 80 GeV

> EM5 > 0.2Meg

> Ag(jet, EMiss) > 0.2

» Transverse SphericitySt > 0.2

Mff = EP™ 4 55, Pr]

N
4jets Olepton ATLAS
o Preliminary ;smsusvsu

<

e
2 —o— SMBG
&
>
w

= single top
AW

vz

= QCD light jets
QCD bjets

10 * DiBoson

2500 3000 3500 4000
Effective Mass [GeV]

Not so simple !!!!
(can we trust our MC?)
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How do we discover susy at ATLAS?

We do not need all those cuts

= Just plot Emss,
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How do we discover susy at ATLAS?

107

g’ ; I AITII_AIS o S‘elei:lioyns:[ o §
- 10°g Preliminary [ oa + Colisions
~ E [ + Nossingle cell =
o 10° L Data 2010 jetsinHEC ]
’E' E L,=0.3nb" —4— + No bad quality 3
w 1 04 L \s=7TeV jets in EM-Calo_|
We do not need all those cuts m<as e MinbasMC =
. 10°e <
= Just plot ET". g E
10 E
105 .
1
0 60 80 100

ET* [GeV]

Susy discovered. Thanks.
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How do we discover susy at ATLAS?

_.
<,
o

(?‘D) AITII_AIS L S‘elei:tiolns:[ ] §
- 10°E Preliminary [ 0a + Collsions
~ E [ + Nossingle cell =
o 10° L Data 2010 jetsinHEC ]
’E E L,=03nb" —4— + No bad quality 3
wogte \5=7TeV jets in EM-Calo_|
We do not need all those cuts m<as e MinbasMC =
. 10°e <
= Just plot ET". g E
10? 3 E
105 .
1
0 40 60 80 100

ET* [GeV]

Susy discovered. Thanks.

No :: clean your events from not physical jets and come back.
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12— .
> 10 J-‘ T \ T T o™ "Data 2010 s = 7 Tev)
[} C ~ y —— Monte Carlo
o 10°F L dt~70nb 3 aco
- i

— +ets
g 10 =g
E wE L SU4 (x10)
E Four Jet Channel
1oe ATLAS Preliminary
L] S § SR
10
102

1 30 | ] I I | I I | |

0°0 20 40 60 80 100 120 140 160 180 200
ET [GeV]

Before Susy cuts :

> jet Pr > [70,30,30,30] GeV

' ATLAS

— Fuls

a
T

Gauss

arbitrary units

Non

fluctuating jet

B T
> 10 T T e " Data 2010 Ns = 7 TeV)
0] ,[L dt~70nb" Monte Carlo
3 1 Qco
o 1 R Waiets
; W Z+jets
2 i
s 10
C
w

Four Jet Channel

=
<
=
=
T =]

-
T TT TTTTmTTTTTTTTm TTTT

ATLAS Preliminary
10"
102 it
10° T Sl
0 500 1000 1500 2000
M, [GeV]

After Susy cuts :

> jet Pr > [70,30,30,30] GeV
> Emiss > 40GeV
> Ad(jet, ET=s) > [0.2,0.2,0.2]

control data

W i
jet jet
et >

jet jet estimate

Z backaround

V,
fav

jet

jet
et
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How do we discover susy at ATLAS?

Discovery potential for next year :

—~ 1200 C gy e 1200
3 1100 Do 1 3 00 Sokmenies
= epton ets — I 1o} epton ets —
(O] 11005 50 2 IeSton O]S 2jets (O] 11OOE 5o 2 Iegton OJS 2 jets J
E"J 000? 50 2 lepton SS 2 jets ,; E"J 000? = 50 2 lepton SS 2 jets ,;
P ;g E E i 3 E
900, S,/(} Ve=7 Tev ] 900 :s//" \s=7 Tev E
800% 0.5 fb" = 800¢ 21 =
700; ATLAS Preliminary é 700; ATLAS Preliminary é
600 - 600 -
500 s 500 5
4005 - 400; -
300;\ PO O s 5o s e e ‘é 300;\ L \.\ PO N5 s st st o \E
500 1000 1500 2000 500 1000 1500 2000
m, (GeV) my (GeV)
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How do we measure susy ?

The observables are endpoints or thresholds of invariant mass combinations
among the leptons and jets in cascade decay.
Kinematic edges depend only on the intervening masses, not on the

underlying SUSY model.

121 ndf

50

40,

30

20

Entries/4 GeV/ 1 fb’

SRR EARA RERN R AR

Prob
Endpoint
Norm.
Smearing

40.11/45

0.679

99.66 + 1.399
-0.3882+0.02563
2.273+1.339

o
o

| L 1 | Il 1 | Il i}
20 40 60 80 100 120 140 160 180 200

m(ll) [GeV]
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How do we measure susy ?

The observables are endpoints or thresholds of invariant mass combinations
among the leptons and jets in cascade decay.

sPSla :

mg = 100
m1/2 = 250
tanf =10
Ao = —100
sign(p) = +1

Still close to
DM-EW best fit
point :)

measurements for
100/p~1

type of nominal staz. LES JES theo.
Imeasurement value error

mh 1087 001 025 2.0

my 171.20 001 1.0
mj, —myo 10238 23 01 1.1

I X!

mg =m0 51138 23 60 61
Mg = My 44639 100 43 55
mg = mg, 8901 15 1.0 80
—my, 6293 25 0.7 82
m{}“x: three-particle edge(y3,ir ) 80.852 0.042 0.08 1.2
Mg three-particle edge(dr X3, 2&?) 449.08 14 43 51
m}zwz three-particle edge(qr, x3,(r) 32632 13 30 52
mEe(y}):  three-particle edge(x3,l.x}) 27736 33 03 2.0
mes: three-particle edge(xg,n 9(1) 83.21 5.0 0.8 1.0
m;"gh: four-particle edge(qL e, IR,)“) 300.18 14 38 50
mfl;es' threshold (], X2 l}z,)m 21600 23 20 33
mie: threahold(blmﬁlg,xi) 198.41 5.1 18 31

SFitter arXiv:1007.2190v1
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How do we reconstruct susy L 7

R. Lafaye, T. Plehn, M. Rauch, D.
Zerwas + C. Adam Bourdarios and J.L.
Kneur.

ol
o Fitter
Perform a global fit using SFitter.

Test MSSM and not mSUGRA.
Because mSUGRA make assumptions at high scale — Analysis bias.

Take the measurements : myedze...

Compute the predictions of your model for this observable with respect to the
model parameters My 53, Mg, ., tan 3.

Then minimize with respect to model parameters :

0 for [Xgata — *ored| < Ttheo

_ .2 2
—2logL= "= Emeasurements ( [Xcta ~pred |~ 7theo

Texp ) for [¥gata — *ored| 2 “theo
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How do we reconstruct susy L 7

Best Fit point result : True spsla recover.

LHC LHCH+ILC SPSla
tan 5 13.84&= 7.4 10.7%= 3.1 10.0
N 105.0L 6.9 103.11L 0.7 103.1
M 194.7+= 7.3 193.0= 1.6 192.9
Mz 568.3 11.6 568.5+ 7.8 567.7
My, 321.4+ 248 1924+ 4.7 193.5
Mz, 164.3+ 120 134.9+ 5.7 133.4
Mg, 1963+ 7.6 1944+ 1.2 194.3
Mg 138.0+ 7.0 13,8+ 0.6 135.8
Ma,, 196.44+= 7.5 194.3+= 0.8 194.3
Mz 137.9%x= 7.1 135.84&= 0.6 135.8
Masz, 491.4+ 16.2 486.24+ 11.1 481.1
Mz, 483.4+ 232 409.6x= 17.1 409.4
Mg, 502.6 L 15.3 499.11 13.1 502.7
Mgy, 529.61L 12.1 526.41 5.3 526.4
Mgy 508.9+ 16.4 507.8=4 14.4 506.8
A fixed O -102.9+ 681 -249.3
A -391.1+ 353 -A497.3x 74 -196.8
Ay fixed O -274.24+1830 -764.0
A 558.24271.2 3949+ 1.5 23949
Iz 3631+  T.7T 350.8+ 2.5 351.0

SFitter arXiv:1007.2190v1
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Best Fit point result :

How do we reconstruct susy L 7

Test unification of masses using the
RGE's :: Bottom-up approach.

True spsla recover.

LHC LHCH+ILC SPSla

tan 5 13.84&= 7.4 10.7%= 3.1 10.0
N 105.0L 6.9 103.11L 0.7 103.1
M 194.7+= 7.3 193.0= 1.6 192.9
Mz 568.3 11.6 568.5+ 7.8 567.7
My, 321.4+ 248 1924+ 4.7 193.5
Mz, 164.3+ 120 134.9+ 5.7 133.4
Mg, 1963+ 7.6 1944+ 1.2 194.3
Mg 138.0+ 7.0 13,8+ 0.6 135.8
Ma,, 196.44+= 7.5 194.3+= 0.8 194.3
Mz 137.9%x= 7.1 135.84&= 0.6 135.8
Masz, 491.4+ 16.2 486.24+ 11.1 481.1
Mz, 483.4+ 232 409.6x= 17.1 409.4
Mg, 502.6 L 15.3 499.11 13.1 502.7
Mgy, 529.61L 12.1 526.41 5.3 526.4
Mgy 508.9+ 16.4 507.8=4 14.4 506.8
A fixed O -102.9+ 681 -249.3
A -391.1+ 353 -A497.3x 74 -196.8
Ay fixed O -274.24+1830 -764.0
A 558.24271.2 3949+ 1.5 23949
3631+  T.7T 350.8+ 2.5 351.0

SFitter arXiv:1007.2190v1

M sfermions

Goine masees
-
-

=




BMSSM as Multijet-Resonances

Or, how we could miss new-physics.

Imagine that processus witch will look like :
g pP3 P2
v 9
. @
. g /
AN Pa
0‘ N
P1
g (pr1 > pr2 > pr3 > pra)

It's a pure multijet final state without leptons or missing transverse energy.
Huge QCD background.

16 / 24



Scalar-gluons in hybrid N=1/N=2 susy

Scalar-gluon is spin0, color octet, Rp = +1.

Model MSSM = N=1/N=2
Multiplet g.8 +g,0 =g, 0
Spin 12,1 1/2,0 1/2,0
“I [fb] m.qL:l).S'leV.mE:I'l'e\’.mi:IOOGeV
] N B e LA A B o B
i o gluino modes
] &
T 10
— pp— oo ~o 3
= PP 3 ~ 4
001  — Light squarks | heavy gluino T 10
-~ spsia’ S~
0‘,6 D‘E 1'0 l!Z l!ﬂ 1'6 1‘8 20

My, ITeV]

1 I 1
1500 2000 2500

3000
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Scalar-gluons in hybrid N=1/N=2 susy

Scalar-gluon is spin0, color octet, Rp = +1.

Model MSSM + = N=1/N=2
Multiplet g.8 +8,0 =g, 0
Spin | 1/2,1  1/2,0 1/2,0
)
g .’
Y 9
\‘ g
L ~ kN
— oo ‘\“‘ . ag S
Dm_—fj{;m s?;:;rkslheavyg!uinn N S
70?6 SPSJ:E 1'0 1!2 1!4 1'6 1‘8 - ;G g
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Scalar-gluons in hybrid N=1/N=2 susy

Can we extract the scalar-gluon signal from QCD background.

MC study
» Signal : home made implementation of scalar-gluon pair production in
PYTHIA.

» Background : Alpgen Njets (full LO ME up to 6 partons in final state).

Main feature is two jet pairs with equal invariant masses.
3 different combinations.

Keep only the one that give the closest two invariant masses.
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Scalar-gluons M=225GeV

Ask for 4 jets with Pt > 50 GeV.
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Scalar-gluons M=225GeV

Ask for 4 jets with Pt > 50 GeV.
Do the pairing procedure.
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Scalar-gluons M=225GeV

Ask for 4 jets with Pt > 50 GeV.
Do the pairing procedure.

Is it enough to suppress QCD
background ?
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Scalar-gluons M=225GeV

Ask for 4 jets with Pt > 50 GeV.
Do the pairing procedure.

Is it enough to suppress QCD
background ?

3
300?;10;}:”}1:1:}:111}111:1}1111
250~ A e

200 C — QCD + Sgluon ]
L —acp ]

do/dM [1fb/10GeV]

150 =
100 =

50— 5

E. L X10°
e A R R i an e n

0 100 200 300 400 500 600 700
M=(m_1+m_2)/2 [MeV]

NO
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Scalar-gluons M=225GeV

Ask for 4 jets with Pt > 50 GeV.

Do the pairing procedure.

Is it enough to suppress QCD Increase the Pr cut, 4 jets

P+ > 100 GeV.
background ? T
. - P
s 300 A E 1200~ .
8 - 1 e 1
2 250— . . E 1000 B
':9 F ] = r == Sgluon 1
= 200— —-QCD + Sgluon - s 800~ —QcD A
E E — QCD 1 E r 7]
3 150 E 3 600— =
© C ] L ]
100" 400 .
50i E 200 .
F g of 0?
0 e e X 10 0 100 200 300 400 500 600 700 800 900 1000
0 100 200 300 400 500 600 700 M=(m_1+m_2)/2 [MeV]

M=(m_1+m_2)/2 [MeV]
Signal visible but nightmare to fit and
NO the 'first bump' could be reproduce by
QCD only.
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Scalar-gluons M=225GeV

Since their is no ES we can reconstruct the all kinematic of the event and
find some discriminant variables.

‘ Scalar production is central # QCD background rather forward :
+ AR(jet, jet)
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Scalar-gluons M=225GeV

| Correlation Matrix (signal) |

Linear correlation cosfficients in %

rejection versus Signal efficiency |

Background rejection [

Ty

M

A Metht
— Cuts

e righer

1
01 02 03 04 05 06 07 08 08 1

Signal efficlency
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Scalar-gluons M=225GeV

| Correlation Matrix (signal) |

Linear correlation cosfficients in %

Use multivariate analysis to optimize.

do/dM [1fb5GeV]

[ rejection versus Signal efficiency | .
I 3
3 0sf =
E \ El
He = ]
g 0.7 E ]
g 1
8 ost X
04 MVA Method: :
E T ou \]
03 F s Fighier ‘
025 -
0 01 02 03 04 05 06 07 08 09 1
Signal efficlency
PR I A | T
N T T T T T T T T T i
140 |
120 -
100 :, = Sgluon j
g —aco ]
80 |
60 —:
40F 4
20~ -
OfHHH+ RN SRS AU
0 50 100 150 200 250 300 350 400 450 500

M=(m_1+m_2)/2 [MeV]

10°
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Scalar-gluons M=225GeV

In real data you need to fit the curve to extract the number of background

and signal events.

o=5S/VB~11

[1fY7.5GeV]

do/dM

180
160
140
120
100
80
60
40
20

nEvent (truth = 2113)

e K2 ndf 5
po 2073+ 113.5
p1 5—G-

p2 3.491e-05 + 6.655e-06
‘ p3 -1.65e-11+ 7.62¢-12

nEvent (truthj= 551)

.

100

150336 350 300 350 400 450 500
M=(m_1+m_2) [MeV]
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Conclusion

> Susy discovery, next two years or in a 'far’ future 7

» BMSSM multijet resonances scenarios are very promising for next two
years.

» Sgluon analysis could be applied to coloron/technipion search.
» Develop analysis for higher jet multiplicities (RPV gluinos).
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