Supersymmetry searches
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Supersymmetry searches

Outline

« ATLAS and LHC our nice toys....
* Supersymmetry events at LHC

— Signatures and corresponding search strategies
* Detector commissioning

— What we need to understand before we start || Following the orderin

to look for SUSY which things will
happen...

* Measurement of Standard Model backgrounds

» Searches, anticipated discovery potential

e Measurements possible with low luminosity

All plots are PRELIMINARY and will be documented shortly

Recent work focuses on early data. Unless otherwise noted, results I will present are
for ECM=14TeVand [Ldt=1 {b’!
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Supersymmetry searches

27 km ring (in LEP tunnel)
Design performances:

Vs =14 TeV

L=10%cm?s!

Currently 1n the final stages of
cooldown. First collisions later
this year.

But it will take a few years

to reach design specifications
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Supersymmetry searches

Status
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Supersymmetry searches

When, how much data ?

 First beam injection expected in one month
 Two months to estabilish collisions at 10 TeV

Training the magnets to full current would take too much time,
incompatible with data in 2008

* Few weeks of physics run, with gradually increasing luminosity
up to O(1032 cm s1)
— If everything goes well, we may get 10 pb-! -100 pb! of data

* Finish magnet commissioning for 14 TeV operation during
winter shutdown

—We can hope a few fb! of data at full energy next year.

LHC focus week T. Lari 5
Tokyo 24/6/2008 INFN Milano



Supersymmetry searches

A Toroidall ApparatuS

Precision Muon Spectrometer,

EM Calorimeters, o/E = 10%/NE(GeV) & 0.7% olpy=10% at 1 TeVic
excellent electron/photon identification / Fast response for trigger
Good E resolution (e.g., H—y) N Good p resolution

(e.g., AIZ’ = pp, H — 4p)

Full coverage for |n|<2.5

] elector charactenstics

Wikith: 44am -
Duameter: 22m Hadron Calorimeters,

Weight: 7000t
olE = 50% | VE(GeV) @ 3%

CO AE AN Viees
Good jet and E; miss performance

Muon Detecion Hectromagnetic Calodmesers

End Cap Torsic

(e.g., H —77)

,,,,, Inner Detector:
-“'l:;»"h_i" —g Si Pixel and strips (SCT) &
Transition radiation tracker (TRT)
clpr=5x10% p; = 0.001

Good impact parameter res.

S — B
saret Toroks e Detectoe | Sniaaing o(dg)=15um@20GeV (e.g. H — bb)

Hadronic Calorimeters

Magnets: solenoid (Inner Detector) 2T, air-core toroids (Muon Spectrometer) ~0.5T
Currently in the final stages of installation and commissioning. Struggling
to have everything ready by end-July (beam pipe closing, end of access to cavern)
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Supersymmetry searches

Some comments on first data

* The potential for discoveries will be there pretty soon.

— If coloured particles with mass < 1 TeV, huge cross sections at LHC.
Statistical significance may be very good already with << 1 fb!

 But we need to understand detector and Standard Model first

— Simulations unvalidated, MC for SM physics at 10 TeV have large
uncertainties

— We need to check all system work as they are supposed to do!
e This will require both integrated luminosity AND time
— Fix instrumental problems
— Re-discover SM (W, Z, top as calibration samples), tune MC and simulation
— Only once SM understood, we can go for discoveries
« Exspecially important for SUSY'!

— Signature 1s “excess of events in tail of EtMiss” not a nice peak in invariant
mass
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Supersymmetry searches

Supersimmetry
Things you probably know better than me....
R=+1 Standard particles R=-1 Superpartners
Quarks, leptons, neutrinos (spin 1/2) Squarks, sleptons, sneutrinos (spin-0)
W, Z, gluino (spin-1) Wino, zino, gluino (spin 1/2)
Higgs (spin-0) Higgsino (spin 2)

At least two Higgs doublets are needed — five Higgs bosons
Wino, Zino, Higgsino mix — 4 charged (chargino) and 4 neutral (neutralino) states

SUSY particles not observed yet — must be heavy — simmetry is broken

It 1s possible to put directly SUSY mass terms in the lagrangian. This gives about 100
free parameters with the minimal field content above (MSSM model)

Constrained models (with assumptions on the structure of SUSY breaking) have only
a few parameters — but assumptions may be wrong.
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Supersymmetry searches

Signatures at LHC ?

Prospino2 (T Plehn)
LI Y O O

107

SilPI: PP — 86, 48, T, 28%3, WV, %29, 284 If R-parity conserved, SUSY
- . particles are pair-produced

and the lightest (LSP) is stable.

10 < S~ TT— 99

T aa

I | IIIIIII| | IIIIIII| | IIIIIII| | IIIIII]|

T IIIIIII[ T IIIIIIII T IIIIIIII T !IIIIIII T IIIIIII| ]

10 T
o Most likely if SUSY exist, production
! . VS =14 TeV cross section at LHC will dominated
o 759 . by gluino or squark pairs (unless very
5 heavy, not favoured by naturalness)
m [GeV |

[}

1()_ II|IIII|IIII|I[IIIIIIIIIIlI[IIIIlIIIIlIIII

100 150 200 250 300 350 400 450 500

Assuming stable, weakly interacting LSP (for Dark Matter) the decay of squark and
gluinos into LSP produces energetic jets (unless degenerate spectrum) , missing
energy, possibly other stuff from decay chains (tau, photons, electrons, muons, ...)
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Supersimmetry: experimental point of view

For discovery, the important thing is to have searches which are
sensible to all the signatures (do not miss it!)

Inclusive, topology-dependent search channels

Jets + missing energy + N leptons covers all mSUGRA, but also
any model with stable LSP, gluinos and squark not degenerate in
mass with LSP and not beyond LHC reach

— mSUGRA 1s used as template for this kind of searches

Other possibilities actually easier
— Metastable charged particles (examples: LSP with small RPV, NLSP
decaying to gravitino)
— Photons from neutralino to gravitino photon prompt decay
And some harder
— Degenerate mass spectrum
— Colored states heavy, only neutralino and chargino production
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Supersymmetry searches WA INF

Search channels

The search channels are defined according to the topology of final sate.
Inclusive signatures, sensitive to a wide range of models
EtMiss +(2-4)jets + no lepton
EtM¥SS +(2'4)! ets + 1 lepton >~ For gluino and squark decay to
EtMiss +(2-4)jets + 2 leptons stable LSP

EtMiss +(2-4)jets + 3 leptons _
EtMiss +(2-4)(b-)jets } For regions of parameter space with lots
EtMiss +(2-4) jets + T of b and T in SUSY decays

Metastable charged particles For models (SUSY and non-SUSY)
Metastable coloured particles|  with such things

3-leptons Chargino and neutralino direct production

I will speak of the first four channels, as I know them better
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Supersymmetry searches

Discovery plot

Typical discovery plot of

2 F E
jettE;:Miss+X searches E 103% —: §kjﬂsBG —
SM backgrounds are events with S 25 igco :
energetic neutrinos (tt, W-+jets, % "’ e
Z+jets, bb, cc) or fake E:Miss from S 1oc preliminary
detector H . Jf 1 :
If the data were the points and the oA a0 2500Eff2g1?\?e MZSSZO[G:{?]OO

dashed histogram the MC prediction, »/ ., — Z pAiett Z PPt 4 4 pr

would you believe in discovery?

Need to understand the detector and Standard Model backgrounds first

LHC focus week T. Lari 12
Tokyo 24/6/2008 INFN Milano




Supersymmetry searches

Detector commissioning

e This talk 1s not about the commissioning of the
detector (but peraphs 1t should have been)

 But let me give you an taste of it, for E ™
measurement

* Of course not the only thing that need to be
understood for SUSY

— Jets, leptons, ... : will use Standard Model benchmark
process to check them with data

— Also tune MC on data, measure PDFis, ...
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Supersymmetry searches

Measuring E M5

Missing Transverse Energy = \(-ZEx)*+ (-ZEy)?

2Ex and XEy are computing summing
 Transverse energy of calorimetric cells

« An estimate of the energy deposited in the non-sensitive
hadronic calorimeters
* pr of reconstructed muons

cryostat between EM and

EMISS is due to

Weakly interacting particles (neutrinos, LSP) I Tprue E MISS

Out-of acceptance particles (calorimeter coverage: [n|<5)
Non-collision particles (cosmics, beam halo)

Energy lost in non-sensitive material (cables, criostats, ...)
Detector problems (dead or noisy cells)

Electronic noise, collision pileup

\mmml> Fake E MISS

e/h Calorimeter non-compensation

LHC focus week T. Lari
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Supersymmetry searches

Cleaning of E M!S sample

| Missing ET in MHT30 skim |

‘% 10 MET includes cells with E>0 (ho CH)
K [[] No correction
|:] Bad runs were removec
10“ ] Noisy events were removec
] Bad cellsftowers were removed
Need to remove all garbage first h
« Bad runs and events (malfunctioning o
detector)
0 50 150 200 250 300 350 400

« Events with noisy calorimetry cells
* Events from beam halo, beam gas

Interactions, cosmics
Tools being prepared to monitor and

correct event-by-event
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PPd ,
= INFN
stituto Nazionale
di Fisica Nucleare

: MISS - L
Measuring E scale and resolution

Data with zero or known missing energy can be used to check the
expected EtMiss performance: generic (prescaled trigger)
Z(1)+jets, W(l v)tjets, Z(tt)+jets, tt

minimum bias and jet events,

S\ 20_| T T T I T T T T I T T T T I T T T | T I 1
[ . —_— B
o 18 (0.520 + 0.003)\|=E, ATLAS —
— - * Minimum Bias N =
gx160 D preliminary-
T 14 = 0
126 0 2 e
G s

Illlllllllllllllllllllllk‘ll'lllll

1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1
200 300 400 500 600
SE, (GeV)

E MBS resolution in minimum bias
and jet events
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Expected events in 100pb-1

T.

- | | I | | T B | ]
sE-arias 100 pb! =
- preliminary 3
20 Mean= 89.9 GeV =
15— o= 12.0 GeV -
10— 3
: 1 - =
S P o 7 —
- N P
oL < bertt B s o i .-u:ﬂ-i--r-mt:]—l:h"m-_-l-léa-gd,:
0 20 40 60 80 100 120 140 160 18 200

Invariant m__ (GeV)

Z invariant mass in Z(tt).
Reconstructed with collinear approximation
(v collinear with visible decay of boosted 1)

Calibration of E;™ss scale
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Fiducial cuts for E based analysis

« Remove events with ELMI55 vector pointing along a jet or

muon

 Remove events with jet pointing to regions with poor
calorimeter performance

* Detect (rare) leakeage of hadronic showers in muon system

<S>

*w Atlantis SEwent: JiweXNML_S015_02184 Fun: 5015 Eweat: 3104

ATLAS .LI" o
relinfi ary

4
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Supersymmetry searches

Standard Model backgrounds

Assume commissioning of detector and data reconstruction software done, systematics

from detector effect under control.
Assume basic SM distributions understood
Next step 1s evaluation of the SM background for SUSY searches

For each channel, choose control region C, signal region S, and a mehod to predict
background rates in S from measured rate in C

Systematics associated to these methods have been studied with MC data, mostly for
1 fb! of 14 TeV data.

For many channels two or more independent techniques to predict background rates
exist — comparing the results will give confidence in the solidity of the estimate

LHC focus week T. Lari 18
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Supersymmetry searches

sinulated SUSY

sarmples.

mSUGRA benchmarks used in the

presentation:

)
INFN

ATLAS benchmark points: mSUGRA

Table 2: Masses in GeV for the fully

o “SUI” (mass scale M ~ 750 GeV)
o “SU3” (mass scale M ~ 620 GeV)
o “SU4” (mass scale M ~400 GeV)

Particle St SL2 SU3 St SUG SUR
dy 100 356413 63627 11021 X079 ROL16
ity 042 3563.21 63151 41225 S66.84 7O7.00
by MIT.00 2024R0 5TH23 33849 TI6.83  690.31
i 57206  2131.11 424,12 20604 61161 60365
dr 7353 35376.13 61069 40622 R10.21 77191
i TahA1  35T4IR 61181 40492 R12.16 77360
b, TIIRT 330050 61073 30018 T7U42  T43.00
i TA946 203536 5050 44500 70700 766,21
7 255,13 351750 23045 23191 111.89 32511
, 23%.31 334632 21696 21792 40189 3152
1 146,50 331962 14990 20050 18131 151.90
i, 23756 353277 21620 21553 AGR26 20608
S 15106 354746 15545 21288 351.10 25335
o 29,08 353300 23217 23604 30258 331.31

83233 83650 TITAG 41337 S0AT0 83645
1w 136098 1035 11791 5081 14957 14245
e HAGL 160.AT  2IR60 11348 28707 273405
g 0644 17076 46399 3059 47723 46355
x4 18330 20490 48050 32776 192.23  479.01
') X206 149,42 2IX33 11322 22820 27430
Yo IXA62  2RGX1 4N0 160 32650 492 42 479,22
h- 11551 11901 11183 1139 (1685 11600
H" 515900 352071 51286 37047 38802 43019
A° 51230 330662 51153 36818 A™GAT  4127.74
H+ 52100 3533061 5IR.15 37800 401,15 440.23

[} 175.00 17500 17500 17500 17500 17500
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Supersymmetry searches

Example: 1-lepton mode

? 107 o8us — Signal region:
= W 1 1 isolated elettron or muon with p>20GeV
® 10g * éi@zﬂgp E EMiss > max (100 GeV, 0.2M_g)

anas 1 1jetwith pr> 100 GeV

pr 'r_xﬁgjnar 1 4 jets with p; > 50 GeV
ﬁf 1 My(LEmMss) > 100 GeV
107" rlr

0100”200 300" ‘400" 500 ‘600 700" ‘800" 's00 1000 Main background tt. W+jets also important
Missing ET [GeV]

Techniques studied for the background estimation in 1 lepton mode:
* Estimate W,tt reversing the cut on M, I will describe this one

e Estimate tt semileptonic trough top mass reconstruction

« Estimate tt dileptonic (with one missing lepton) using a 2-lepton sample
 Estimate tt dileptonic using HT2 = p2rdiet 4 p3rdjet4p dthjet 4 p_lepton

« Estimate tt replacing a sample of reconstructed top with MC decays.

e Estimate W and tt with a combined fit of control samples

LHC focus week T. Lari 20
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e

T e e e e e, e

.uu/!./..,..,.ff./..uff, .,./..urf.f..”./!m“ﬁurfv
.

7
‘
control sample

D —

!

A

MT

¢ SU1

0 Su2

O SU3

== SM BG
AW

* Diboson

i

® it

100 150 200 250 300 350 2400 450 500

50

0

ing ET or Meff

ISS

M

Transverse Mass [GeV]

The shape of E:Miss distribution is the same (for backgr.) in control region
« The shape of background E;M'ss distribution can be measured control sample

(M;<100 GeV) and signal region (M} > 100 GeV)

« Normalized to signal sample selection in the interval 100 GeV < E;Miss <200 GeV

T. Lari 21
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Background estimate

o LELELIL I BN BRI NI BLRLELELE LI IET‘ IOOGe\.
= estimated BG .
T0E — SM BG 3 True BG 203+ 6
[% - ® it 3 - ‘
s f AW . Estimated BG 190 + 8
> vZ . ; . -
® 10E * Diboson = Ratlo(Est.:True) 093 +0.05
- single top -
E | . Svst. error
__ ' ATLAS __ Jet energy scale < 5%
1 s BEE pre 1m1nary; Lepton ID efficiency 7%
N ] MC@NLO vs ALPGEN 8%
1 i ] MC parameter vanation (ALPGEN) < 5%
19574 66" 600 700 800 900 1000

Missing ET [GeV]

The background is estimated to better than 20% precision, including the
expected systematics on detector response and on W,Z, top production.
The other techniques to estimate backgrounds provide a similar precision

LHC focus week T. Lari 22
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If signal is there...

LB B R L L L L L BB LN NI L LI NI RIS B E;r'.':-lOOGeV E;-‘:.-~300Cie'\’ \

o
TA0CE A, oo — truth BG E 124+16 |
w - o truth BG+SUSY O —SU1[
S B Lo O truth SUSY 7 . :
3 oL o -o- @ est. BG (new MT) | Estimated BG 225+ 9 216 £1.1
10F o 5 True BG=SUSY | 463 47 194 + 4
N . 7 ATLAS ] | SU3
1 M= *bgﬁhmmar% Estimated BG 296 + 10 333+ 14
- t+ + + 3 True BG-SUSY 653 + 8 245 +4
i 4 + - SU4
10 6406206306 406" 506" 800 700" 800 900 1000 | Estimated BG 2366 + 102 165 £12.7
Missing E_[GeV] True BG-SUSY 3177+ 79 415429

In presence of signal there 1s a contamination of control samples and an
overestimate of background. The signal 1s still visible.

Once discovery is estabilished, it 1s possible to correct for this effect

(to measure cross section) assuming a flat distribution for signal M
(good aproximation)

LHC focus week T. Lari 23
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Estimate of Z(vv)+jets

Important for the 0 lepton channel. o 10°E | | | |
~ F e Zvv 3
Two methods: g L Zsee+Z50X ]
. . 2 VE —yp :
— Replace the leptons of Z(1l)+jets with - ]
EtMiss to predict Z(vv)+jets, with 13 E
corrections for acceptance, BR, and - i i
trigger/selection efficiencies of the e ATLAS E
two leptons. Main uncertainty is i preliminary
s gl 105
statistics. 0 200 400 600 800 _ 1000
— Use MC, but fixing the parameters of _ Missing ET [GeV]
Description | Relative uncertainty AN /N (%)
MC to reproduce the observed rate MC geacrator systematics
: ALPGEN parameter variation | 6.3
of Z(11)+J ets Detector systematics
Electron energy scale 0.05
Electron energy resolution 0.03
Electron id efficiency 0.50
— — —— Muon energy scale 0.30
I i | £7 - 30_0 GeV | Megy > 8_00 GeV | Muon energy resolution 0.39
jet energy scale _ 6% 6% Muon 1d efficiency 1.00
jet energy resolution 1% 1% Er scale (soft part) 4.5
Z71 soft component scale 1% < 1% Total systematics (quadratic sum) ~ 8
lepton energy scale < 1% < 1% Total statistics ~ 13
lepton 1d efficiency 2% 2% Total uncertainties ~ 15
LHC focus week T. Lari 24
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QCD background

* The gaussian part of jet resolution measured with y+jets or Z+jets

« Tail measured asking EtMiss aligned with a jet
« This 1s sensitive both to mismeasured jets and to neutrinos from B, D
decays

« The background is then estimated from a jet sample (w/o0 E;Mis)
smeared according to the measured jet response function

T T T T 106
ATLAS —e— Dijet balance (data)
10* prelimin y Dijet balance (estimate) ATLAS preliminary
———————— Measured response tail 10° QCD estimate
10° —— Gaussian fit 3 - QcD ‘data’
i — Other SM

— SU3

-
Qo
N

10°

No. events/ 0.05/ 23.8pb

-
o

OTFFH;W‘—I IIIIIIII T IIIIIIII T IIIII|T| T IIIIIII| T TTT

No. events / 50GeV / 23.8pb™”

10

r1 0 100 200 300 400 500 600 700 800 900 1000
tlano E; (GeV)

m wﬁ[ﬁ_l IIIIIII| | IIIIIII| | IIIIIu] | IIIIIII| | III_



Supersymmetry searches

Summary on background estimates

* A big effort has been made 1n last two years to develop
techniques to estimate from data backgrounds to SUSY

* These studies show it should be possible to know the top,
W and Z beckgrounds to 20% precision and the QCD
background to 50% precision, with 1 fb"! of data.

* These numbers have been used in the optimization of
search cuts and 1n the evaluation of discovery potential
(see next slides)

LHC focus week T. Lari 26
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Searches: 1 lepton channel

1. Lepron Cuts: One and only one 1solated lepton with pr = 20 GeV satusfying the selection criteria
described earlier

(]

. Lepron Cuts: No additional leptons with pr = 10 GeV /c. This ensures no overlap with the O-
lepton. 2-lepton. and 3-lepton analvses.

',)J

. Jetr Cuts: Four Jets. the hardest with p7 = 100 G&V and the fourth with p7r = 50 Ge&V.

4. E7 Cuts: E7 = 100 GV and E17 > 0.2M.s.
5. TS Cur: Transverse sphericity ST = 0.2,
6. MT Cur: Transverse mass M7 = 100 GeV.
’.- _l LI I LI I L I L I LI I LI L I LI L I L l_
7. Meg cur: Mese > S00 G&V. £ [ O ATLAS |
T o T, O SU3
Sample | Meg > 1200 GeV 1) = -.' all BG ]
- - _ - ’
_ . Events Zn ¢ L |- AW -
SM BG 2 o E T O~ vZ =
SU1 114 18.0 - 1 + O ®QCD .
SU2 15 6.0 L % .  *Diboson 7
SU3 110 17.7 = | .9
SU4 99 16.6 - l i o e . i
SU6 76 14.2 10" 7 [ = =
- - -
SUS.1 66 151 — . e :
: preliminary -
ol gy TR T Y Palg v gl v g vg by va vl vgag
LHC focus week 10% 500 1000 1500 2000 2500 3000 3500 4000
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Supersymmetry searches

Searches: (-lepton channel

Sample Cut 1 Cut 2 Cut 3 Cut 4 Cut 5 | Trigger Mg Cut
e Atleast1 Jet with pT>100 GeV SU3 | 9694 [ 7573 5614 5299 4328 4320 3339
SUI | 3522 | 2866 2015 1920 1410 1400 1232
. . SU2 607 365 305 276 169 167 130

o
At least 4 JetS with PT>5O GeV SU4 | 79510 | 57128 45749 42099 34716 | 34207 8219
. SU6 | 2581 | 2070 1474 1389 1084 1083 958
° ETm‘SS > max(lOO GGV,O.z*Meff) SUS.1| 3142 | 2541 1780 1693 1454 | 1452 1281
MC@NLO ¢ | 13065 | 8949 6530 5905 4088 3884 312
o ety > Pythia QCD | 23119 | 5762 3811 848 848 782 24
Transverse SthI‘lClty 0.2 Alpgen Z | 1599 | 1019 713 646 630 621 156
. . Alpgen W | 4045 | 2346 1621 1473 1127 1087 225
e .A¢ (jet, met) > 0.2 for jets 1,2,3 HawigWz | 21| 14 o g . > .
Total SM | 41849 | 18090 12678 8880 6695 6376 717
. Lepton veto (pt>2OGeV) SU3 5/ B 0.2 04 04 0.6 0.7 0.7 46
SU3 Z, 0.6 1.4 1.5 2.6 2.7 2.9 12.9
SU3 eff (excl) | 35.0% | 78.1% 74.1% 94.4% 81.7% | 99.8%  77.3%
SU3 eff (incl) | 35.0% | 27.4% 20.3% 19.1% 156% | 156%  12.1%

vTe E| LI I LI} .I I LI LI I LI I B | I LI I LI I LI |§ ":-9 104':_l LI I_I'_I—+—§ T | LI | LI | LI | LI | LI L L | LI |—:
~ T O SU3 1 — TF Pv * SUT E
— - SM BG | > B : A SU2 .
e ® = 2 .0 O SU3 .
=S AW 1 g 0o'F v SU4 .
8 - P 7 & - ® SUs E
e ~ v 4 = F = SUs 1 .
E 10 ; E o Di-boson ; _.? 102 = iag - SM BG -
s [[¥ | - ATLAS 1 9 E XA + lATLAs -
R 17 <~ preliminary _| @ oLl & -4  preliminary E
= : » = = rooh o e
] 4 g R :
1;4+_ xlllllllnl |||r€l|)-||1||l||l,: _l |||||§|||||||||. ___%:F"ln|l...|—

0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000

Effective Mass [GeV] Effective Mass [Gev]




Supersymmetry searches

: INFN
Searches: 2 lepton channels
Opposite sign Same sign
Takes advantage of decays like Takes advantage of majorana nature
Of gluinos. Very little SM background.
KON _"'I""I""l""l""l""_
Two leptons with pT > 10 GeV 'Eﬁm B — s ]
1 jet with pT > x, 4 jets with pt>50GeV g relir;x\l 1111-12?' i
EtMiss > x, EtMiss > 0.2 Meff I . P y Taoe ]
o« . ‘_\_~',_|——c T _
Transverse sphericity ST > 0.2 0E % : i M
Sample | Er cut | Leading jet cut | signal | background | Significance : a — 5 asrse E
SUT | 100GeV | 320GeV | 3797 | 630 6.94 . [ -
SU2 | 140GeV | 200GeV | 1374 | 22.68 1.07 o—— g
SU3 | 140GeV | 200GeV | 12534 | 22.68 1145 G
SU4 | 160GeV | 160Gev  [32875| 3151 15.86 -
Main background (> 95 %) 1s tt 3 40 %00 60 700
E, (Gev)
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Flavour subtraction

If leptons are from indipendent decay chains
N(e"e)+N(uu’)= N(etu)+N(u'e)
The distributions from %" — 11 decays can be obtained using
B N(e"e) + (1/8) N(u™w) - N(e"w) - N(en’)
where B = e(u)/e(e) [efficiency ratio, can be measured from Z data]

Most of Standard Model background cancels 1n the subtraction
Except Z(1l)+jets, 27, ZW, which contribute far less than tt.

Flavour subtraction can be used in searches.

» Not a great 1dea from the point of view of statistical errors (SUSY
substantial em rate subtracted)
) Very clean channel, most of statistical uncertainties cancel in
subtraction — may be competitive with early data
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. . . : Sample | E7cut | Leading jetcut | Ner Nor | Significance
4+, miss Samp 2] g] . F g
Inclusive search 4 getti+E; 2l e e e TR T oE

with flavour subtraction s2 | 140Gev | 100Gev | 3164 | 2905 0.22
su3 [160Gev | 160Gev | 9375 | 3858 480
sus [120Gev | 100Gev | 39245 [ 28155 427

. . 72/ ndf 40.11 /45
After discovery, the maximumof & F7 T T oo 0679
. . . — 50 Endpoint 99,66 - 1.399
two lepton invariant mass 1s one 3t Norm, |, 03002002563 |
> 40 mearing 2.273 - 1.339
of the first measurements we o 305 QU3 1.
expect to do 8 F TR
£ 20F 1 fb' ] :
w ATLAS 7 )
10— 1 -1 ~
o :
10E -
P N T N U T N T T I T T I TN T N T U T T N W O M N A OO O N B
0 20 40 60 80 100 120 140 160 180 200
m(ll) [GeV]
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e jets+3leptons
Does not require EtMiss. Like 2-lepton SS, need to
control additional leptons from B decays in tt events.
e JetstEtMiss+taus

Competitive at high tanf, but requires understanding
of taus

e Jets+EtMiss+b-jets

Can also be competitive, but requires good
understanding of b-tagging

e Jets+EtMiss+photons

Does very well for GMSB (¢ Gg)

 Metastable charged particles

Requires dedicated trigger and reconstruction

for efficient detection. Background surviving

all cuts very small, discovery limited by signal rate.

LHC focus week T. Lari
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Number of events [11b )

Other search channels

Results from the 3leptons
(cutl) and jets (cut2) search

Sample [ Cut1 Cut2| S/B S/VB  Z,
Su2 35 13 1.1 3.7 2.7
SuU3 139 94 7.8 27.1 11.5
SU4 1284 312 | 26.0 90.0 244

3

a

3

3

-
o

atLas preliminary

Number of photons (pt>20GeV)
after cuts on jets and missing

energy
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Discovery potential

lIIIlIIlIIIllIII

ATAS —ajeisoleplon | 50 evidence after 1 fb! (including

o ---,,.--- 4 jets 1 lepton _ . .
o DAY 2 epons0s ] Systematics) expected if squarks

MSUGRA tan[i 10 - :
\ lighter than 1300 GeV

=umn 1 jet 3 leptons- - -

. B \ N san O—lgpton and 1-lepton best modes

600~ / S - for mMSUGRA
i _ Y 1 No attempt to combine channels
400F e NG -

— %. .
n : o * B
- .-, " :
| ey S, MG (roTev)s,? ' |
~ - > -, B — .
L5 TeV: . e P
2002, N b e S
e ; _ .\ \ W
T TN MURLN . - BT T Lot
e . »
| (0.5 TeV TR T 4’56,"},\\- -t e :
- ' ¥ 5
0 S ST | AR SRR

o 500 1000 1500 2000 2500 3000
m, (GeV)

LHC focus week T. Lari 33
Tokyo 24/6/2008 INFN Milano



Supersymmetry searches

; 3500.-._.ll I L I L I 1 l.l I : LI I LI I LI I LI I LI I Ll ll_.— . ) ] )
3 . '547;’_-'45 preliminary —gsjoimsucRa ] Similar discovery potential
-~ — 5 - discovery ) ] . .
—~3000 == 4j0lAMSB  — for different models, in
g L . 4j0l MSUGRA DM :
Zs00E E terms of gluino/squark
E - -
~ F . mass, as long as
= 2000 —
= — ] ~.
- 1 m(q), m(g) >>m(y)
1500 -
1000 =
500 -
O:I 1 I L1 l L1 1 I L1l I 11 I L1l l L1 1 l 11 l 11 I L1 l:
200 400 600 800 1000 1200 1400 1600 1800 2000
m; (GeV)
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After discovery

The ATLAS collaboration, Observation of an excess of events with jets and missing
energy in pp collisions at Vs = 14 TeV

This means some colored particle decaying in something invisible.

Next phase is figuring out what it is.

Effective mass peak, cross section should give us an idea of the mass scale.
The relative contribution of various search channels will also be useful

to kill models/regions of parameter space.

Kinematical endpoints to reconstruct masses

Eventually, much more information is there: shapes of invariant mass distributions,
angular distributions (measure spins), event rates...

Here, I would like to show what we may be able to do with limited statistics (1 fb™!)
for a partcular point in parameter space (mSUGRA SU3)
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Entries/ 20 GeV / 1 b

Supersymmetry searches

_ __ [7nat 2.3/10

50 T T T I Endpoint 516.7 + 30.1
Slope -0.1563 + 0.0424

40 bek_p0 26.37 + 19.96
bek_p1  -0.04149 + 0,03387

30 H |

20

10

%,

III|[III IIIIIIIIIIIIIIIIIIIlIIIIl

-10f|_ Smaller m(llq) comblnatlon
0 166 500300 400 550 5005008600
m{llg) [GeV]
2/ ndf 0727/6
C ! PIAmTTTTTTT T TT) Endpoint  265.4 + 17.4
25 = Slope  0.2114+ 0.0766
+ :
155 ATLAS
105 + + ' —i
GE M # r‘n+++ O
£ LLarger m(llg) combination | :
0100 200 500 400 500 600 300 800
m{llg) [GeV]
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Entries/4 GeV/ 1 fb!

2/ ndf
Prob
Endpoint
Norm.
Smearing

4011745
0679

99,66 - 1.399
03882 0.02563
2.273- 1.3

|||||||||||||||

0-"20"720" 60 80 100 120 140 760 180 200
m(l) [GeV]

SU3, 1 fb’!

Each edge/threshold
Measures a relation

Between the masses

(q9X02919X01)

T. Lari
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Entries /20 GeV /1 fb™

Entries / 20 GeV / 1 fb”!

Lepton, lepton+jets endpoints

22/ ndf 5.527/8

SRR ' "I'" 7| Endpoint 4453+ 11.1
S0E ! | slope  -0.2895 - 0.0823
40 + + -
30E ATLAS ]
20 =
105— & —

oFoiH —

£l Smaller m(lg) combination

1000 200 300 400 500 600 700 80O
m(la) [GeV]

x? I ndf 7.896/9

JOEFTTTTTTTITTITTTATTITTTTY Endpoint 332.9+ 6.3

60;_ Slope -0.2852 + 0.0220
50E- H> =
“E * ATLAS -
305 E
2ok t
10E- t + E
0; 1 |1~ 0 t_+ E
-oE | Larger m( lq) combination H

<

100 200 300 400 500 600 700 800

m{g) [GeV]
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INFN
Di-tau endpoints
D T T T T T T T T T 3 *°F ' ' ' tro 3
-;9 20._' 1 1 1 LI LI UL 1 1 I L 1 LI L LI l_' (QD) : :I :
~ F ATLAS ] 2501 —LL 3
= E ] PR AN . .
& 15 4 - "~ 2000\ RR =
S € ] o \; -
; - » . 2 g0t s —LR =
2 10 / E s b | - ]
‘g ~ ] 100H E
5 - .
~ ] 50 ]
0_ + _+_ _+_ — 0 Sl STRR S .: <10°
E+‘ + + +_+__+_—+E 0 20 0 0 20 M':'t].;no[?mer
SE e Effect of polarization: MC
0 20 40 60 80 100 120 140 16|\(/)|_ [é89(</] Truth level’ T — TV Only

N
(=}
o

The inflection point in the fit function is
proportional to the true endpoint

Allows to get an handle on stau mass
Dominant systematic error (7 GeV) 1s from
polarization effects

events /51.7 b/ 4 GeV
> o
o o

4]
o

cIIIII|IIII|IIII|IIII|II

(=]

-Illlllllllllllllllllllr

<10°

M(z7) [MeV]

Effect of polarization: all
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Stransverse mass endpoint

MTQ’Q = minpﬁ-l—zfz:zfq‘ [max {m%“(p'?a pl),wz%«(pf,?, pQ)}] B,

T BB e TP In mSUGRA the chiO1 1s mostly
- e ¥2 I ndf 1756/ 5 | bino, and the qR decays as
2 201 ﬁnm“ 5915 - 150 Ggr— X ?q
g 1 A 2-jet selection then selects g
1SE -+ . fl‘:”’ *Bsw 7 pair production:
B Bsu 7 * Er > max(200 GeV, 0.25M) and My > 500 GeV
10~ J Two jets with pr > max(200 GeV, 0.25M,g), [n| < | and AR > |
E ATLAS E o No additional jet with p7 > min(200 GeV, 0.15M )
> :_ _:  No isolated leptons and no jets tagged as b-jets
_ o Transverse sphericity Sy > 0.2

TS TR A S . Y AP AP AR A A A AT
O 100 200 300 400 500 600 700 800 900 1000 3 .,
my, [GeV] And the “stransverse mass” can be
used to measure a relation between

The mT2 kink method may be used to measure the qg and 01 masses

the ¥01 and gy mass separately. We have not
studied this possibility yet.
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Mass fit

e The relation of the leptontjets (and
dilepton) edges and the masses can be
inverted to get the masses

/o max Max V)2
n — iy o " .
a2 (my, e (mgo,mgo,my, .mg, ))
/{ - 3
] O
k=1 X

» Requires the decay chain to be known, but
the system 1s overconstrained (5 relations,

4 endpoints) so different hypothesis can be tested
« Statistical errors very large for 1 fb!, but we still

get a measurement of the 4 masses

T. Lari
INFN Milano
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Observable SU3 mmeas SU3 myc
[GeV/e?] [GeV/c?]
msyo 88+ 60F2 118
Moo 189 £ 60F2 219
mg 61491+ 11 634
my 122461 F2 155
Observable SU3 Amipeas SU3 Amnc
[GeV/e?] [GeV/c?]
Mo — M50 100.,6£1.9F0.0 100.7
Mg — M g0 526+34+ 13 516.0
mi— Mo 342+£38F0.1 37.6
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A first go at parameter space

= | | | | 0.01 = F 7 N B R N R LR B
& 250 ATLAS S 4oL ATLAS
= 0.008 35F
200 =
: 0.006 o5E-
150F- 20F-
- 0.004 S
— 15
100_— 3
- 0.002 10 L
n 5F
50— -
N T T Y 0 B S S S S S T S S T ST T —— 0
250 300 350 400 450 4bo0 1000 0 1000 2000 3000
M1:.2 (Gev) A E S W AN

Parameter SU3value fitted value exp. unc. theo. +exp.

« With 1 {b-1, we can hope to constrain — unc.

Only mOdels Wlth few parameters' zt\zjlzﬁ lOO%eV 98..;/.éev :t9.§.?3eV :i:9.5_GeV
« mSUGRA fits performed with Fittino " acev 311.%7626: oy
« MO, m1/2 determined with tanf s :
M, 104 GeV  +18 GeV -
good precision (2%-10%) G Moow  ilmow
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Conclusioni

« The first fb-! of (reasonably well-understood) data at 14 TeV will allow us to
push far beyond the Tevatron in the search for supersymmetry

e The 2008 data will be very useful for detector commissioning and the
understanding of Standard Model processes — needed to begin to exploit the
LHC potential

« ATLAS has developed search strategies for the different signal topologies which
are expected in SUSY models

« For each topology data-driven techniques to estimate the MS backgrounds have
been studied. In many channels, different indendent estimates will be available.

e The jetstmissingenergy+(0 o 1) leptons are the most promising mSUGRA,
reaching up to ~1300 GeV in squark mass for 1 fb-!

* Several interesting measurements may be possible from the very beginning
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Backup
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Stima degli effetti sistematici

Systematic errors for 1 fb-! (current best guess from combined
performance studies)

« Jet energy scale and resolution: 10%

« EtMiss: recomputed after scaling or smearing jet energy

Electron efficiency, resolution, and scale: 0.5%, 0.2%, and
1%

* Muon efficiency, resolution, and scale: 1%, 0.2%, 4% for p; <

100 GeV

» b-tagging efficiency: 5%
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Supersymmetry searches

Trigger

S| | SL2 | SU3 ]stu [ SU6 ] SUS.L

« Jet+EtMiss trigger very efficient for SUSY e

O-lepton, 4-jet sclection [Section 2.1

. . . TETS HO6 | S10 [ 38| 77 | 51T 482

events which pass offline selection 70170 o S T
. . . O-lepton, 3-jet selection [Section 2.2

» EtMiss trigger may take some time to be Trigser SUT [ SU2 [ SU3 [ SU4 [ SUG [ SUR]
TETS L9 T | MO | MA TS | 668

1070 1O0. | 998 | 100, | 999 | 100 100,

understood: rely on jets trigger in the beginning o e e T2

At 10"31-10732 they select SUSY events with SR T T e £ T e

I-lepton, selection [Section 3]

high efficiency too I A 505 [317] 51 [484] 56

170 X170 P61 990 | 9859 | 956 | 959 99.1

Allow an unbalased measurement Of EtMlSS TLEP (mu20 OR ¢22)) 1.2 S10 | 799 | S03 | 804 | 7958
O8S 2-leprom, selection [Section 4.1

. . TETS 36T 473 HOol 6T [ 472 405

trlgger efﬁCIenCy 170 X170 W21 100959 | 43| 996 1000

HLEP(mu20 OR ¢221) FT01 00 | STS S48 796 | 864

{ € vs. L1 jet P+ Bulk region SUSY — 2LEP 2mu 10 OR 2¢l50) | 205 | 355 | 270 | IS0 [ 260 | 146
2 - ‘ after offline jet selection S8 2-depron, selection [Section 4.2

s . Lisimilieiie st (S o F e TETS 09T 488 T292T 16 T466] 345

T B e e R S L —t - 17070 993 1000 ] 959 | s41 | 953 | 1000

T1LEP (mu20 OR ¢221) 032 | 927 | 959 | 952 | 897 | 96.6

2LEP Cmul0 OR 2el50 | 326 | 415 | 322 1254 | 259 Ao

. 1 jet

o Q
a0

T HII]TH [HI II H] 1
[
o
ad
hancstg)

3-lepton, selection [Section S|
... s e e L IFrs 43.7 (02 401 176 | 464 458 3
- \ \. ATLAS Preliminary ] 17070 056 | 854 | 935 | 798 [ 964 | 983
A \ . . : >~ ILEP (mu20 ORe22i) | 952 942 [958 | 947 [ 946 | 96.7
07536 a6 €6 80 100 320 140 160 i80 200 TP 20 OR 2615 | 9.1 | 602 [ S10 | H7 |43 | 533
L1 jet threshold (GeV)
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—_ l))’l(lllIlllllllllllllllllll

% : ATLAS wemnsn 4 jets O lepton
S 1000 § o discovery wwwn 4 jets 1 lepton
o - oo MSUGRAtan(=50 ,
e B oty — 4 jetS 17
= | LsP
800[=
3 {taTey “ot

BO0F=w""" .,

ll]ljlllllllllllllll

400

22 "s.. ..0':}
20027 i s

- q(05 TeV NOEWSE

1 1 1 I L1 1 1 l L1 1 1 l L1 1 { l L1 1 ' L { 0 O | J
500 1000 1800 2000 2500 3000
m, (GeV)
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Misura della vita media

ando 7’
hz ("Iz) us dO

1{ny)

>

e Dollat maxz cut

« [ tagli di selezione standard
forniscono un efficienza di
selezione dei fotoni che diminuisce
all’aumentare di An

? « Questo causa perdita di segnale e
- complica la misura della vita media
(occorre conoscere 1’efficienza)

: Tagli ottimizzati forniscono un
i efficienza migliore e piu’ piatta,

« La vita media puo’ essere misurata

b con un rate di fakes da getti

ATLAS o n famas L e accet Stanc}ard P119t0n :Select.mn ‘ .
500 1000 1500 2000 0 500 1000 1500 2000 dataset hadronic 2nd Sampling | 1st Sampling
neutralino decay length in Z (mm) neutralino decay length in Z (mm) GMSB1 04 1% +/- 0.2 75 79, +/- 0.4 64.1% —- 04
GMSB2 | 94.2% +/- 0.1 | 56.4% +/-0.3 | 41.9% =/- 0.3
GMSB3 | 94.4% +/-0.3 | 49.8% +/-0.6 | 36.1% /- 0.6

Unbiased Selection

) dataset hadronic 2nd Sampling | 1st Sampling
LHC focus week T. Lari GMSB1 | 94.1% +/- 0.2 | 93.4% +/-0.2 | 85.7% ~/- 0.3
Tokyo 24/6/2008 INFN Milano| GMSB2 | 94.2% +/- 0.1 | 92.2% +/- 0.1 | 82.5% +/- 0.1
GMSB3 | 94.4% +/-0.3 | 92.1% +/-0.3 | 80.7% =/- 0.5
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= & © MSUGRAtang=10 "~ [0 jats O lopton = 8 - MSUGRAtang=10 " = - o.i 2 jets 1 lepton -
€ soof- | | — € soof- | ' —
1.5 TV = (2.5 Tok . 1.5 TaV) - = (2.5 TV) .
600} - 600f= 2\ -
9 a{z.0 Tav) - b ;‘.' a{2.0 TeV) -
- - ap - . 1 : >, 2 ap —
& S TTTELLLL LN qiul.sieV
: - S 0 Tov) -
4001 - 400 -
200 _a.\lﬁ TeV) ' ' '\"., ..'."'.."'”..“_“mm_-.f-_ 200 " =
= ) ) ...\" - ) T © e Pt Rl BhaSTTI 1
L qlo5TaV) V) R " o o M AN B a{0.5TeV) (103 GV fass "
e ‘ ! ~ NOEWSE _ 5 ‘ ! ~ NOEWSE _
0|1|||||‘|||‘||lllxnllfl'xnuilll E o L o o | e [ o o

e S
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
m, (GeV) m, (GeV)

LHC focus week T. Lari 47
Tokyo 24/6/2008 INFN Milano



