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Not knowing everything

 Absolute ignorance
— Limits & bounds

* Relative ignorance

— Significance-like variables

 Working out what you do know
— Analysis designh matters
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(S)particles
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(2 doublets) 14 October 2005




Temperature fluctuations [ ¢ K]

Motivational arguments...
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We should look for WIMPs at the LHC

http://www.sciops.esa.int/index.php?project=PLANCK&page=Planck Published Papers




The basic example

Don’t know
momenta
of invisible(s)

Jet

Jet
> meiss
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Missing transverse momentum

e Know that momentum Ll beam was zero in initial
state

e Can measure momentum Ll beam in final state
for visible particles
Dr

e Construct Sum of P of invisibles
— Construct from negative sum P of visibles

Nt |
E 4ir — ﬁT T = E piT
1=1
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\begin{digression}
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Missing E- / MET — ARRGH!

e These are not well defined quantities
e What is a “transverse energy?”

 Under transverse projection:
— P, and P, components should stay the same
— P, component should be set to zero
— What happens to energy component?
— Three different procedures (at least...)
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Quantity

Transverse projection method

Mass-preserving T’

Speed-preserving V'

Massless o’

Original (4)-momentum
(1+43)-mass invariant

Transverse momentiim

P* = (E,pr.p-)
M= V/EE —ﬁ%—p%
br = {p-:nf-}y}

(£ i iprecon P = (er, P7) PS = (ev, V) 3 = (eo, Po)
Transverse momentum I e e
under the projection F=E v =M s = DT

Transverse energy

under the projection

Transverse mass

o W 2= 2 _ 32 e G P
under the projection r = e TP W=ty == Pa =
Relationship between mtT =M my = M |sin 8] me =0

transverse quantity and its

3) an: D SR " =12 s =V N
(1+3) analogue L =L 1+ (11 ]'F-}_ vy, =V T |

Equivalence classes under

[1+3)ﬂ§{1+2}

All P* with the same
Dz, Dy and M

All P* with the same
Pr. Py and V

All P* with the same
p- and p,
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\end{digression}
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DESIGNING AN ANALYSIS TO BE
INSENSITIVE TO THE UNKNOWNS



A useful guiding principle:

In the absence of complete information
we should place the best possible bound
on any Lorentz invariants of interest
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A familiar example

Lepton
W

Transverse mass:

ms =

7’72,3 -+ nl? + 2(€1J€*i — Po- p’l)

27/03/2013

e = \/I:Za-lzzo_er2

Alan Barr, University of Oxford

13



Mathematical meaning?

m; is the greatest lower bound on the
mass of the parent (W) given the
unknowns and the constraints

For each signal event m,,, > m-




The use of m- in discovery physics

EUROFEAN ORGANIZATIOK FOR NUCLEAR RESEARCH

OBSERVATION OF SINGLE ISOLATED ELECTRONS

OF HIGH TRANSVERSE MOMENTUM 1IN EVENTS WITH

MISSING TRANSVERSE ENERGY AT THE CERN

pp COLLIDER

The UAZ Collaboration.

CERN-EP/83-25
February 15th 1983

E
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Similar search for new W’ at ATLAS

1 1 Ll |l Ll 1 1 T ] 1
ATLAS Preliminary W' — ev e Data 2011
4 W' (500)
JLdt=471" Fwiooo)

103 \s=7TeV [JW’'(2000)
W
107 —
P
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10 . 1QCD
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ldentical pair decays:

Lepton
W
W
Lepton
{1 .0 _missy _ - {1 _ &)
mt2(Pr . Py Pr )= mmmm:max[ .rnT(pT,qT),mT(pT,rT)]}

qT+IT=PT
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Example: the stop squark search

e Stop should be light if SUPERSYMMETRY is
NATURAL

 Major background is top quark pair
production

27/03/2013 Alan Barr, University of Oxford
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The top quark background

Jet

Lepton

} Invisible
: i Lepton
Jet P

Alan Barr, University of Oxford
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Higgs = WW* =» (| v) (| v)

Lepton

Lepton

An example from the Higgs world

27/03/2013 Alan Barr, University of Oxford
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A rather general situation

Parent P, Visible daughters V4

Invisible daughters 7,

Parent Py Visible daughters Vs

------------------------------

Invisible daughters Zs

Visible daughters Vn

Invisible daughters Iy

Parent Py

27/03/2013 Alan Barr, University of Oxford
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Constructing a bound

Know the momenta P for visible particles
Choose some momenta Q for the invisible particles

Ma. = Guv (Pﬂ LE Qﬁ)(PE g QH)
Each M, can provide a lower bound for the selected Q

Constructing the bound achieved by minimising over our ignorance

My = min [111:-‘-1.}{ [Maﬂ
Zq_*i']":ﬁr 2
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A table of examples...

Mass-bound variable

Existing N =1 N=2
variable M;(M,) = M7 (ML,) M+ (ML) M M, M (ML) = Mo+ (NI) | Mot (M)
2p, = 20 ur — 0
Mef h‘flf[] — 0, ur — 0 ur — 0
Vaumin (M) v
Vumin (M) ur — 0
Mren (M, M, ) v v M., M, -0 M., M, =0
My zz(Mz) v v
Mcecww h':'I] — 0
mite NI, — 0
my e (Mz) ur — 0 ur — 0

mra(YI)

mray (IVI)




KNOW WHAT CAN GO WRONG



JETS + MISSING MOMENTUM

Measurements

Jets:
A cut

Reduce:

Had. Calorimeter
E.M. Calorimeter
Tracks from vertex

Measure remainder
at small A
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JETS + MISSING MOMENTUM

From cosmics

Reduce by:

(a) requiring tracks
with jets

(b) look for muon hits

Measure remainder:
(a) no beam
(b) timing

27/03/2013 28




JETS + MISSING MOMENTUM

From beam halo

Reduce by requiring tracks with jets
Measure remainder with single beam / timing

27/03/2013 Alan Barr, University of Oxford 29



JETS + MISSING MOMENTUM

Calorimeter noise

Reduce by requiring
tracks with jets

Measure remainder
(a) no beam
(b) timing

27/03/2013 30



Early 2010 data
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Real missing momentum:

W - v

Entries / 5 GeV

10°

102

10

[ T | T T T | T T T | T T T I T T T | T T T ]
- ATLASPreliminary _, pata2010 (7 Tev) |
CIW — ev
CJaQcbd

CIW — v

B 1t semi-leptonic

J L =296 nb™

L 1 IIIIII+

0 20 40 60 80 10 120

ET'®® [GeV]

27/03/2013

Entries/ 5 GeV

105 E_I T T I T T T | T T T I T T T | T T T | T T T
- ATLAS Preliminary

10* ‘j L=291 nb’

Early 2010 data

Simulation normalized to data

40

—e— Data 2010 \s =7 TeV)
[ IW-ouv

[ Jacp

(gt
CIW-oa1v

B Z -

B

60 80 100 120
E™®° [GeV]

32

32



27/03/2013 Alan Barr, University of Oxford 33



Dealing with pile-up ...

Pile up suppression by e.g. associating jets with primary vertex
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KNOW HOW WELL YOU GET THINGS
WRONG (RESOLUTION)



ATLAS-CONF-2012-103

An unexpected channel...

§+g—>(r+t'+)??)+(z+t'+)??)

Each top quark can decay to 3 jets
Want to be sensitive to e.g. 9 (!) jets + P;Miss
No way to make this prediction with current MC

Absolutely not something done in the pre-data
preparation (there we went up to 4 jets...)
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A EXPERIMENT

Run Number: 189421, Event Number: 4624621
Date: 2011-09-16 18:54:45 CEST
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Multijets + missing transverse momentum:
QCD background

Nature knows the
multi-jet cross section

We know the
detector behaviour

=» Can determine QCD BG!

27/03/2013 Alan Barr, University of Oxford
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A quick reminder on jet resolution

* QCD backgrounds dominated by FAKE P, ™'ss

e Resolution (largely) determined by Poisson
sampling statistics™

* Expect o U VE

Has almost universal

E?iSS/ ’\/HT distribution

for QCD events

* There are also noise and constant terms which the experts will be well aware of



Proof of principal... universal shape
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Other backgrounds also depend largely
on measurements from control regions
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ZDO UM + jets
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A nine—jet prediction
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[LHC Seminar

SPEARER: — Jacopo Vivarelli (Albert-Ludwigs-Universitaet
Freiburg (DE))

Searches for natural supersymmetry with the
ATLAS detector

DATE: Tue 26/03/2013 11:00

TITLE:

PLACE:  Council Chamber

http://indico.cern.ch/conferenceDisplay.py?confld=240895
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Short Title of the CONF note Vs (TeV) | . (fo"1) | Document

1 lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop] NEW 0372013
3 leptons + Etmiss [EW production] NEw 03/2013
4 leptons + Etmiss [EW production, RPV] NEW 0372013

ATLAS-CONF-2013-037

ATLAS-CONF-2013-035
ATLAS-CONF-2013-036

0 lepton + 6 (2 b-)jets + Etmiss [Heavy stop] NEW 03/2013
Z + b-jet + jets + Etmiss [Direct stop in GMSB, direct stop2] NEW  03/2013

ATLAS-CONF-2013-024

ATLAS-CONF-2013-025

1-2 taus + jets + Etmiss [GMSB] NEW 03/2013
2 taus + Etmiss [EW production] NEw 03/2013

ATLAS-CONF-2013-026
ATLAS-CONF-2013-028

8
g
8
8
8
8
8
g

2 same-sign leptons + 0-3 b-jets + Etmiss NEW 03/2013 ATLAS-CONF-2013-007

0 lepton + 2 b-jets + Etmiss [Medium / heavy stop] 12/2012 8 128 ATLAS-CONF-2013-001 Link
2 leptons + Etmiss [Medium stop] 12/2012 8 13.0 ATLAS-CONF-2012-167 Link
1 lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop] 12/2012 8 130  ATLAS-CONF-2012-166 Link
2 bjets + Etmiss [Direct sbottom] 1272012 8 128 ATLAS-CONF-2012-165 Link
3 leptons + Etmiss [EW production] 11/2012 & 13.0 ATLAS-CONF-2012-154 Link
4 leptons + Etmiss [RPV] 11/2012 & 13.0 ATLAS-CONF-2012-153 Link
0 lepton + >=3 b-jets + Etmiss [3rd gen. squarks] 11/2012 8 128 ATLAS-CONF-2012-145 Link
3 leptons + jets + Efmiss [3rd gen. squarks] 11/2012 8 130 ATLAS-CONF-2012-151 Link
Monojet + Etmiss [WIMP gravitino prod.] 11/2012 8 105 ATLAS-CONF-2012-147 Link
Z + jets + Etmiss [GGM, higgsino NLSP] 11/2012 8 2.8 ATLAS-CONF-2012-152 Link
0 leptons + >=2-6 jets + Eimiss 08/2012 8 5.8 ATLAS-CONF-2012-109 Link
0 leptons + >=6-0 jets + Efmiss 08/2012 8 5.8 ATLAS-CONF-2012-103 Link
1 lepton + >=4 jefs + EImiss 08/2012 8 5.8 ATLAS-CONF-2012-104  Link
2 same-sign leptons + >=4 jefs + EImiss 08/2012 8 5.8 ATLAS-CONF-2012-105 Link




ATLAS-CONF-2013-037
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ATLAS-CONF-2013-035
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ATLAS-CONF-2013-036

PP — %, s —:sn'lai_*ﬁlgf_*—,«; FF,{ i i
; l80|||||||||| L‘ ;||||||||||||||||||||||
@ 8
. z’ ATLAS Preliminary
g~ 70 JLdt:%.?ﬂ:,ms:aTev
‘cu'.af Mo = M
= 60 |S—{m0+mi;}f2

""""""" Observed limit (+ 1@?&3&1

o= 0 Sy Expected limit (+1a,)

All limits at 95% CL
40

30

20

100 150 200 250 300 350 400 450 500
min [GEU]

4 leptons + P,™miss

27/03/2013 Alan Barr, University of Oxford 50



INTO THE FUTURE... ULTIMATE
GOALS?



A luminosity upgrade: additional

~ 1600
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THE END
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2012 data (8 TeV)

Short Title of the CONF note s (TeV) | 1 1) | Document

0 lepton + 6 (2 b-)jets + Etmiss [Heavy stop] NEW 03/2013 ATLAS-CONF-2013-024

Z + b-jet + jets + Etmiss [Direct stop in GMSB, direct stop2] NEW  03/2013 ATLAS-CONF-2013-025
1-2 taus + jets + Etmiss [GMSB] New 02/2013 ATLAS-CONF-2013-026

2 taus + Etmiss [EW production] NEW 032013 ATLAS-CONF-2013-028
2 same-sign leptons + 0-3 b-jets + Efmiss NEW 03/2013 ATLAS-CONF-2013-007

0 lepton + 2 b-jefs + Etmiss [Medium / heavy stop] 12/2012 8 12.8 ATLAS-CONF-2013-001  Link
2 leptons + Efmiss [Medium stop] 122012 8 13.0 ATLAS-CONF-2012-167 Link
1 lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop] 12/2012 8 130  ATLAS-CONF-2012-166 Link
2 bjets + Etmiss [Direct sbottom] 1212012 8 12.8 ATLAS-CONF-2012-165  Link
3 leptons + Etmiss [EW production] 11/2012 8 130 ATLAS-CONF-2012-154 Link
4 leptons + Efmiss [RPV] 1172012 8B 13.0 ATLAS-CONF-2012-153 Link
0 lepton + ==3 b-jets + Efmiss [3rd gen. squarks] 112012 & 12.8 ATLAS-CONF-2012-145  Link
3 leptons + jets + Etmiss [3rd gen. squarks] 1172012 8 13.0 ATLAS-CONF-2012-151 Link
Monaojet + Etmiss [WIMP gravitino prod.] 1172012 B 1058 ATLAS-CONF-2012-147  Link
£ + jets + Etmiss [GGM, higgsino NLSF] 11/2012 8 0.8 ATLAS-CONF-2012-152  Link
0 leptons + ==2-6 jets + Eimiss osf2012 8 5.8 ATLAS-CONF-2012-109 | Link
0 leptons + >=6-9 jets + Etmiss 08/2012 8 58 ATLAS-CONF-2012-103 Link
1 lepton + ==4 jets + Eimiss osf2012 & 5.8 ATLAS-CONF-2012-104  Link
2 same-sign leptons + ==4 jets + Efmiss 08/2012 8 5.8 ATLAS-CONF-2012-105 Link
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