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% What is supersymmetry?

» Standard model of particle physics

— Describes the known matter
+ 3 interactions
to very high precision

— Unfortunately some open issues,
e.g. what is dark matter?
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What is supersymmetry?

» Standard model of particle physics

_ SUPERSYMMETRY
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+ 3 interactions N candidate!
to very high precision |
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0 “ o Unfortunately,
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— Unfortunately some open issues,
e.g. what is dark matter?

07.11.2013 Valerie Lang - IMPRS-PTFS seminar



How could we see SUSY (@ LHC?

e SUSY production - colliding protons
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How could we see SUSY (@ LHC?

e SUSY production - colliding protons

- o, [pb]: pp = SUSY

1 -

Prospino2.1
| |

10

— Squark/Gluino production via
strong interaction q

VS =7TeV |

10 |
—|Interesting

10

-3I LI I - |

0
100 200 300 400 500 600 700 800 900
ma\rerﬂgc [Gev]
-> Direct electroweak production of _, 7 Final state with ',
chargino, neutralino and sleptons E;™* and O(0) jets

07.11.2013 Valerie Lang - IMPRS-PTFS seminar 7




What do we measure?

e ATLAS detector

Multipurpose detector
— Onion shell structure
" |nner detector —
tracking
= (Calorimeters
= Muon system
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Multipurpose detector
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—> Discrimination from jets = multivariate . BR - 65%
hadrons — 0
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% What do we measure?

e ATLAS detector

Multipurpose detector

— Onion shell structure

" |nner detector —
tracking

= Calorimeters

= Muon system

LR T Tau leptons
/ « m,=1.78GeV
Final state signature ¢ T, =2.9%1013%
* 2274 —> decay length 87.1pum
* Large EMss - inside beam pipe
* Not much else * BR}.4rons = 65%
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% How do we quantify our signature?

e Cut-and-Count Analysis

Cut
* Define electrons, muons,
taus and jets
- * Compute variables like
E,Mss, my,, etc
* Select events according
' tocriteriae.g. 22 1's
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How do we quantify our signature?

e Cut-and-Count Analysis
ETmISS = Cut

' * Define electrons, muons,
taus and jets

 Compute variables like
E,Mss, my,, etc

* Select events according
to criteriae.g. 22 1's

" e o = Count
3w B  Count events passing the
“ criteria
SETT =) —> Compare
' R e S > Comp

Compare expectation

from standard model to
measured data
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What do we need m, for?

* “Invariant mass” of invisible particles (partially) decaying to
invisible particles

- Consider decay with 1 invisible particle: ¥ — y27*
0 0
> mZ=m?+ m)z(g + 2[E{~E{fl cosh(Ay) — p% - pflfl] with

+ mass T
unknown ;m ~F_ & y=rapidity
CX 7 CMS unknown - Transverse mass m#%: leave out cosh(Ay).

Undetected \ Visible final state
X

- S i 2 2
“.K/T;IS.S“ g\.fulllgaionst - - Since COSh(A}/) >1-> mp < msz
UnknOV\;"ﬂ_z direction
ol unknown
q ﬁ
fnvisible
final state

http://arxiv.org/pdf/hep-ph/0304226.pdf
E+pz)

(*) rapidity y = %ln(E_p
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% What do we need my, for?

* “Invariant mass” of invisible particles (partially) decaying to
invisible particles

- Consider decay with 1 invisible particle: ¥ — y27*
0 0
> mZ=m?+ m)z(g + 2[E{~E{51 cosh(Ay) — p% - pflfl] with

+mass |
unknown p T~ F. & y=rapidity
z:\ CMS unknown - Transverse mass m#: leave out cosh(Ay).

Undetected \ Visible final state
X

l s ‘l..llll‘“ . 2 2
“.I:/I.z.a;.s N C\ o Boost in z- - Since cosh(Ay) = 1 > m3 <mZ
T
unknown direction
S ~.,0.,0
o unknown > 2*decay > TtiT - T.+T XiXi
g B - 2 x{ contribute to E,Miss
Invisible —> Split E;™ss into E;™ss = q;(Y+q,{?) such that
final state
, mé, (x) 0
1
http://arxiv.org/pdf/hep-ph/0304226.pdf = » rgl)n [max{ (p-}q , q;l),X) mT(pT , q(z) X)}]
E+p + Emlss
(*) rapidity y = —ln( Z) dr  *dr
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How many events do we expect from
standard model processes?

* Processes which look like our signal

QCD multijet and W+jet
tau = misidentified jet

u Wt
E,Miss = additional artefact from

instrumental effects or W-decay

—> Largest background (30-80%)
- Use data to estimate due to
incorrect fake tau modelling in

simulation
- ABCD method
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How many events do we expect from
standard model processes?

* Processes which look like our signal

QCD multijet and W+jet Diboson, Z+jet, top
tau = misidentified jet jet tau = real tau from particle decay

4

Vv 7 TGC vertex

u W+ T+
E,Miss = additional artefact from
instrumental effects or W-decay E,Mss = neutrinos e.g. from W-decay

- Largest background (30-80%) — Diboson = 2nd largest (15-35%)

- Use data to estimate due to - Estimate from simulation = many
incorrect fake tau modelling in systematics sources to be considered
simulation —> Validation of simulation in specific

- ABCD method phase space regions with data
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How does the ABCD method work?

* Divide phase space into 3 background A,B,C + 1 signal region D

e Pair of uncorrelated variables: tau ID and
e.g. M,

* Regions A, B, C dominated by
background which is to be estimated

* Eventsin region D via rule of proportion

m, > 100GeV

M+,

my, < 40GeV

Loose tau ID Tight tau ID

Tau identification
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% How does the ABCD method work?

* Divide phase space into 3 background A,B,C + 1 signal region D

= * Pair of uncorrelated variables: tau ID and
)
8 e.g. My
S * Regions A, B, C dominated by
A |7 A background which is to be estimated
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>
)
S
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Vv
= I
S

Loose ta'ID Tight tau ID
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- Other backgrounds to be subtracted
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M+,

How does the ABCD method work?

* Divide phase space into 3 background A,B,C + 1 signal region D

e Pair of uncorrelated variables: tau ID and
e.g. M,

* Regions A, B, C dominated by
background which is to be estimated

* Eventsin region D via rule of proportion

m, > 100GeV

my, < 40GeV

Loose tau ID Tight tau ID

Tau identification

— Other backgrounds to be subtracted

—> Signal contamination take into account
07.11.2013 Valerie Lang - IMPRS-PTFS seminar 19



{

How does the ABCD method work?

* Divide phase space into 3 background A,B,C + 1 signal region D

} :I T T T T T 1 | T T 1T T | T T 17T 17T T 1T 1T T 7 I T T —

= —e— Data 2012 (\ 8 TeV
= . 10°E ATLAS Preliminary ata 2! (ls=8Te {E
Q o E Vali- [ Multi-jet, W+jets 3

) — 5 . CZ+jets
S = 10°g C dation qubosm E
= 5 10° region B Single top =
A T = SR SUSY Ref. Point1 3
~ |c:| 103 = % ----- SUSY Ref. Point 2 -
= E = 3
£ 10° fl_dt~ 207fo' -
> 10 OS m,-nobjet —é
() ] B
O
o .
N 107 =
Y% ]
o 102 : : - :
E 5 1-; - g%’//f:ﬂ'— - /}w-l// /}/7/ //
Loose tauID  TighttauID 2 ik XN 007
- B [ ,r/é

H HY o H 0.5 / R Bl / .(.u /
Tau identification of . A li i
0 50 100 130 200 200 300

. . . . . . G
- Agreement between data and estimates in intermediate validation region 2 (GeV]

—> Compare obtained number of expected standard model events in signal region to data
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How do the Monte Carlo estimates
work, e.g. for diboson?

* Principle idea

— Use number of events
predicted in the signal regions

— But signal regions = extreme
phase space for diboson
processes = range of very low
Monte Carlo statistics

- Produce as much Monte Carlo
as possible

—> Statistically combine existing
Monte Carlo to reduce
statistical uncertainties
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* Principle idea
— Use number of events
predicted in the signal regions

— But signal regions = extreme
phase space for diboson
processes = range of very low
Monte Carlo statistics

- Produce as much Monte Carlo

—> Statistically combine existing
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as possible

How do the Monte Carlo estimates
work, e.g. for diboson?

- Systematic uncertainties

* Experimental uncertainties from
reconstruction, e.g. tau energy scale
Theoretical uncertainties from
simulation, e.g. scales for separation
of hard process, showermg & radlatlon

Monte Carlo to reduce
statistical uncertainties
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( What if we don‘t see a difference between
our expectation and data?

e Results from March 2013

Process Example signal

region
17 + 4(stat) £ 3(sys

Expected standard
model events

Measured in data 14

Expected from 2
SUSY points

Observation
- Probably no SUSY |

—> But up to which parameter values
are we sure we don‘t see SUSY?
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’ _ What if we don‘t see a difference between
» our expectation and data?

e Results from March 2013
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300 E_mfu:L m =05 e Ouserved imi B! _E
Expected standard 17 £ 4(stat) £ 3(sys) = Soit Expectedimit ¢t10,,,)
model events R \ E =
- da‘ed A E
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NS o
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Expected from 2 9.2+1.2\} %\005 \\5‘066 _________________ =
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- Probably no SUSY bJ .

—> But up to which parameter values
are we sure we don‘t see SUSY?

i)

Reminder

i
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Where is SUSY?

* Different analyses searching for SUSY electroweak production
ATLAS Preliminary Lint=20.3-20.7 fo”,1s=8 TeV Status: SUSY 2013

= 500 - o .~ -
) - = PP—X. X, Via |/ V, 3e/|L, arasconr-zoiaoms = = = = Expected limits
%_ 450 :—— pp—)%:i;, viaTL/V, 26/, ATLAS-CONF-2013-049 — Observed limits
IEX E — ppeif%g, viaT/V,, 2T, ATLAS-CONF-2013-028
400 — pp—)i:i;, viaT/V,, 21, ATLAS-CONF-2013-028
350 f_ —_— pp—)i?é, via WZ, 3e/u, arLasconF-2013-035
- pp—X X, Via Wh, e/ubb, ATLAS-CONF-2013083_y
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250~ T S e
2000 ah S il T e \"
Y sy ; - Large part of the haystack
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100 [ SUSY found ,,
50 B e - Continue with the Q
| | : remaining part
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