Patras Workshop ()R

Dark Matter at the LHC

The road is long, but at least we started driving ...

Filip Moortgat (ETH Zurich)
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Evidence for Dark Matter {)ESsS
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Quantify? From Cosmic Microwave Background measurements

+ large scale structures + Big Bang Nucleosynthesis:

Normal Neutrinos
Matter v

~ 80% of matter in Universe is Dark Matter!

Dark K — need new form of matter, that is neutral,
stable and (at most) weakly interacting ...
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SUSY & Dark Matter W)

Connection to particle physics:

Supersymmetry is a popular extension of the
Standard Model of Particle Physics that naturally
predicts a Lightest Supersymmetric Particle (LSP)
with these properties:

€ Supersymmetric
"shadow" particl

Weakly Interacting Massive Particle (WIMP)
with mass up to few 100 GeV gives correct relic density
(present experimental lower limit ~ 50 GeV)

Also: Universal Extra Dimensions, Little Higgs with T-parity, ...
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In MSSM: In MSUGRA:

With LEP Combined results
55
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Which DM can LHC look for?

Two types of signatures at the LHC:

* Missing Transverse Energy signals: “standard” WIMP dark
matter (neutralinos, lightest KK particles, lightest T-odd
parity particles, ...)

* long-lived heavy charged particles : stau, R-hadrons
(gravitino DM, superwimps, split-susy, ...)

Goal of the LHC:

1) Discovery

2) Measure properties, identify underlying physics
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First collisions at 900 GeV : 23 November 2009
30 March 2010 at 12:58 First collisions at 7 TeV : 30 March 2010

Fill: 1005 E: 3500 GeV 30-03-2010 13:24:16

SROTEN] PHVEIEE: STABLE SREAE One of the first 7 TeV collisions:

1.68e+10

Comments 30-03-2010 13:22:57 : BIS status and SMP flags
Stable beams! Link Status of Beam Permits
Global Beam Permit

Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 Juisi-ldEN: A ENABLED  [Jupsi-ldEN: 8 ENABLED

LHC timeline: 2010-2011: 1 fb-' collisions at E_,= 7 TeV discoveries
from 2013 onwards: collisions at E_~ 14 TeV possible soon!
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Integrated luminosity

CMS

CMS: Integrated Luminosity 2010

a 100
| - Delivered 99.89 nb™
80— Recorded 88.39 nb™' ﬂ
60
B L= 10%m-2s-1 ({j
40 - j:r
20 . |
- L= 1027-102° cmis}_f

Total Integrated Luminosity [nb

o 1 L ' i e T T T 1 1 1 1 1 1 1 1 1 1 1 1
30/03 10:10 18/04 23:06 08/0512:01 28/05 00:57 16/06 13:52 06/07 02:48

Date

Since end of March (7 TeV):
100 nb! delivered @
88 nb! recorded (~88%)

Patras Workshop

(*) Stable beams only

ATLAS

140 — _ L
~  ATLAS Online Luminosity \s=7 Tev
120~ [l LHC Delivered
- [_] ATLAS Recorded
100
L Total Delivered: 99.4 nb”
go_  Total Recorded: 88.7 nb '
60 -
40~
20—
; 1 1 | 1 i
38/03 01/05 03/06 06/07
Day in 2010

Overall data taking efficiency: ~ 89%
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The CMS detector

— 1

Lead tungstate

E/M Calorlmeter (ECAL) .

et =

3 8T Superconductlng Solen0|d §Y

Hermetlc (Inl<5.2) |
~#& Hadron Calorimeter (HCAL) |
‘ [scintillators & brass] ‘

Redundant Muon ystem |
(RPCs, Drift Tubes,
Cathode Strip Chambers) ¥




The ATLAS detector SR

Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Length : ~46 m

Radius :~12m

Weight : ~ 7000 tons

R ~108 electronic channels
3000 km of cables

4 ‘:fq Inner Detector (In|<2.5, B=2T):
“ Si Pixels, Si strips, Transition

“| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:

o/pr ~ 3.8x104 p; (GeV) @ 0.015

Toroid Magnets  Solenoid Magnet SCT Trdcker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \
ely trigger, identification and measurement HAD calorimetry (Jn|<5): segmentation, hermeticity
E-resolution: o/E ~ 10%/VE Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E;
Patras Workshop E-resolution: o/E ~ 50%/VE @ 0.03
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Pprocess reference

NLO 910 170 7.4 arXiv: Number of
tl._ +NLL 0804.2800. events in 1
arXiv: bl
Lo deitis multiply by
Single top NLO 320 1000 and
W-=evor NNLO 22000 8000 2700 arXiv: then a
v 0901.0002 typical
Z->eeor NNLO 2000 770 250 arXiv: acceptance
Ut 0901.0002 of 0.2-0.8.
WW NLO 112
WZ 48
s 15

Also see arXiv:hep-ph/0611148
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L HC vs Tevatron () e

The Tevatron can probe up to Vs =2 TeV and currently
has 7 fb-! delivered, and may have 12 fb-! by the end of

2011

1000 | ———rr

L ratios of parton luminosities
- at7 TeV LHC and Tevatron

Stirling

-
o
o

WJS 2010

luminosity ratio

-
o

MSTW2008NLO

A
M, (GeV)

Patras Workshop

10°

12

12
— =12
1

Roughly, the tevatron with 12000
pb! has the same or greater reach
than the LHC at 7 TeV and 1000
pb! for particles with gg initial
state and masses less than about
120 GeV. For particles with a
qqbar initial state, it has same or
greater reach up to 700 GeV.
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Basic SUSY signatures EEES

Plan for first LHC physics run: coherent survey of simple, inclusive signatures
involving MET. But also need to search for “exotic” signatures such as those arising
from long-lived NLSP’s.

« Establish foundation for more
complex searches. Signatures
will expand to include b, 1, t.

« Data-driven background
methods: pursue multiple
approaches, as many Cross-
checks as possible.

0 leptons 2 leptons >3 leptons
* Exclusive jets * Like-sign

* Inclusive Jets * Opposite sign
* Photons + Jets




A -
Approact

* For many background measurements, we
(mostly) do not want to rely on
— Predicted cross sections (especially for QCD)
— Predicted kinematical distributions

« Major emphasis on “Data-driven background
determinations”

— Rely on control samples in the data, sometimes with
some assistance from Monte Carlo

— May suffer from limitations (statistical or systematic)
that reduce the precision of the measurement. Will
evolve rapidly w/more data.
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Inclusive Jet + MET reach W)E:HH

| T T T | T T T 1 | L | T T 1T - CDF g, ’(;, 2 fb-1, tar43=5, M<0
C\I\fllg&i;) ':&I{;n inary [ ] po §,21;,+ 2.1fb", tanB=3, u<0
_ Hadronic search, 95% C.L. curves [ LEP2 Zq
T=LSP  tanp=10, A =0, >0 [ JLeP2/
- . g (1 ev——
L=1000 pb'  “g, —
Csp —
o 750) Gev =
TN Sa,, ]
MIO/SH4— \ =
Mg=M,, TS, g (500)Gev =
=41 : N L=100 pb‘1 —]
100 200 300 400 500 600 700 800 900 1000

m, (GeV)

95% CL exclusion for all-hadronic search (= 3 jets + MET + e/u veto)
Systematic uncertainty of 50% assumed on Standard Model background
Sensitivity significantly beyond previous experiments (~50/pb to surpass Tevatron)

Patras Workshop 8 July 2010  Filip Moortgat
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Hadronic SUSY (D Fiie

Nieptons=0 - largest signal cross section, but beware of QCD!

Event Selection: Efficiency for e.g. SPS1a: 13%
* MET > 200 GeV (SPS1a = LM1)
« > 3 jets (In| < 1.7/3/3) with E; > 180/110/30 GeV
*HT (= Eqyjp+Eqj3tEr g +MET) > 500 GeV
» indirect lepton veto -

» cleanup and QCD rejection 5102;- Miyes
(see next slide) P oLk s
S ok (el i
Main backgrounds: 8 Tk Ll maewe
- QCD multijets: MET due to mis- 5 | T e prefminery
measurements or jet resolution e T i= .
« Z+jets: Z—vv irreducible 5 | - 1—
» tt+jets: hadronic or lost lepton(s) 107F — I e i
» W+jets: hadronic or lost lepton 500 1000 1500 2000 2500 3000

M, [GeV/c]
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CMS PAS SUS-09-001

* Dijet analysis

the LHC,” Phys. Rev. Lett. 101 (2008) 221803.

U, = E%z [ M, (j,j,)

JE: | E}

ij amA¢)

100 pb™'

Events/ 100 pb

s = 10 TeV MC

Im1

-~ i
- W

==z

== QCD mad

CMS preliminary

* N=3-6 jets: form two pseudo-jets

L. Randall and D. Tucker-Smith, “Dijet Searches for Supersymmetry at

* minimize
AHT = EP' - EI”
T T
1 HT - AHT
Or = 2 2
2 VHT - MHT®
A\ | T T ™T
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2 ok Q¢ . —Imo .
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CMS Experiment at LHC, CERN

| Run 133450 Event 16358963
| Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST

red = Electromagnetic energy
blue = Hadronic Energy

E,(GeV) Jet 2 = jet 1 pt = 2563 GeV/c
*0 jet 2 pt = 244 GeV/c
w0 dijet mass = 764 GeV/c?
: = g
N 0 '\L < -‘. - = ' : ]
2 % “ - NS ~ , :
2 ’ (1]

Jet 2
Er of calorimeter energies in n-® space (left) and r-® space (right)

Jets reconstructed with anti-kr algorithm (AR=0.7)
Patras Workshop

8 July 2010  Filip Moortgat
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2 - ' ~ - ~—10" T T T
s¥ 1 ATLAS Preliminary - ‘% ATLAS Preliminary
< | \s=7TeV : G 102 \s=7TeV 3
§1O'1 i S, 1048 Fl=th5 : .: _ anti-k, jets R=0.6
= F p7>30GeV |28 3 §10° pF>30 GeV Y28 3
— - Data [Ldt=1nb"" = ]
10%E — PYTHIA 3 10° - o Data [Lat=1nb"
3 f ] ’?: 10° |, TPYTHA .
10°F \j:‘ ]
i 4 ] 10° E
10°¢ —— 107 i .
h 1 1 ! ! 1 ] ]
21 =2 23 4 >5 >6 10‘5 e o Lo ke Ll
0 100 200 300 400 500
- ; T jot
%10‘35 ATLAS Preiminary ﬂT (GeV]
5] \s=7TeV R s s T
r anbK,jets Re0.6 Observed inclusive jet multiplicity
107 P30 GV y"|<28 distribution (top left plot- black dots),
_% . Data [Lat=1nb’ | inclusive p; distribution for jets with p;> 30
240 T PYTHIA GeV and |y|< 2.8 (top right plot) and jet-jet

mass distributions, compared to PYTHIA

E Monte Carlo prediction (yellow histogram).
The distributions are normalized to unity and only
statistical uncertainties are included.

= PR T T S T T S S T S S S U
0 200 400 600 800 1000
m' [GeV]
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Events/GeV

Jets in CMS | ) Pl

EI TTT TTTT TTTT TTTT | T ICI’MISI Ip:elllln.lnll]zllllylzlol{ol IE
B \s=7TeV 7
i p,(jet)> 25 GeV )
10 o)l E S
E nGet)| < 3
c e Data &06
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e E
c | .
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10'2 _I 11 I 1111 I 1111 I 1111 I 1NN i I Ll I 11 I_
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m, .[GeV]
1.2
—IIII|IIII|||II|I||I|IIII|II|I||III|IIII|II\I|IIII—
[ CMS preliminary 2010 ¢ Data ]
1200+ Js=7TeV [ Simulation —
E p.(jet)> 25 GeV E
1000~ (et < 3 .
a00f- # of Calo Towers
6001 .
400F .
2001 -
:I ..|IIII|IIII|IIIIIII'II | "'|IIII|II!I|IIII:
0 5 10 15 20 25 30 35 40 45 5C

number of jet constituents

L2200F" s pretiminary 2010 '+ Daa'
%000 — \s=7TeV [ Simulation -
WigooE b, (et)- 25 Gev E
1600  M0evl<3 =
14001 5
1200 =
1000 A 1 1 i 2 3
800F ®(1, j2) 3
600;— —;
400;— —;
200;— —;
E ot oo 7
0 0.5 1 1.5 2 2.5 3
Ad
di-jet
300~ |CKAS pr‘elir;winlar)l/ 2516 . l- IDalta ‘ e
B \Js=7TeV :| Simulation 1
2501 pT(jet)> 50 GeV .
: In(jet)] <3 T | | ]
200 :* | _T\_TL f:
- I ]
150} ! : .
- | | i
L | |
100}
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]— 1 1 1 \ 1 1 1 J 1 1 1 | 1 1 1 | 1 1 1 T
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Jet EMF

Fraction of EM energy in Calo-Jets
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To w52

» EE ECal CMS Experiment at LHC, CERN '

Add Collection [T,?,ﬁ,?

OOsets | 43| -03] 01
OOsets | 42| 44| -10
OCvet7 | 39| -04| -26
OOJets | 35| -15] -15
OCvets | 28] 30| 24
OCset 10| 25) -18| -25
OOset11] 15| -06] 09
OCvet12| 13| 39| -24
OOt 13] 12| 37| 20
OCvet 14| 11| 07| 27

LRy z Data Recorded: Sat Apr 24 08:31:20 2010 CEST . . ) - 10
Lumi section: 795 X HEODE . =1

BOeto |27.3] -03] 21 ' - M0
MOt [160] o8] 1.1 HE
OOtz | 73] -13] -23 0 BN
O8Jets | 45 41 3.0 EBD -
OCJetd | 44 -20[ 10 ATl -

? B

[EE Tracks

=@ Muons

== Electrons

OE Vertices

[=Mm DT-segments
[Em CSC-segments
== Photons

[=m MET

Cm vertexTrackAssigr

OE aksPFJets

OE vertexterger
OE vertexFinder
=@ inclusivevertices
=@ genParticles

L | e | | e e | 1

VYOV VOOVIVOYY

VY VVYVVYVVYVYVYVYVYVYYY

©0000000600606060

BB

/ ‘ Two b-jets candidate
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MC Normalized to Data
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\

Js=7 TeV, [Ldt = 0.92 nb™'

CMS Preliminary 2010 _CMS Preliminary 2010

TIIIIIIII TIIIIITI

IIIIII II]
*DATA

T T T ] T T T T ] T T T I T T T T . ‘g :

i +DATA - a i BMC (light) -

10*E WNC (light) | o | BMC (charm) _

E [BMC (charm) = > g @MC (bottom) =

E @MC (bottom) - gl) . ]

. = % i |

103E S E10° E

F = O : =

. -1 z i ]

o L |

102E S 2 10% E
10 10}

-0.1 -0.05 0 0.05 0.1 30 20 -10 0 10 20 30
3D IP value [cm] 3D IP significance

3D impact parameter value (left) and significance
(right) for all tracks with pr>1 GeV/c associated with
jets with pt > 40 GeV/c and |n| < 1.5

Patras Workshop 8 July 2010  Filip Moortgat
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The MET challenge

Our expectations from Tevatron:

Sources of instrumental noise: — g R

g1 E MET inchudes colls with Ex0 (o CH)
E 1 B Mo comection

|| Badnms wer removed
7]  Meisy events were removed
[T]  Bac cellatowers weee removed

DO Run IT
V. Shary CALORO04

* readout discharge
* electronics noise

* beam halo muons
* cosmics, ... -

10"

10’

300 350 )00
Missing ET, GeV

> I T l T l LI I LI I LI I LI l LI IE
() CMS Preliminary 2009 3 , ‘one:
(O] \/s=900 GeV - 8 . ‘ ATL'AS. S:e;uons.
10t - - 10 Preliminary 0Q + Calisions
2 -~ (] + No single call
q:) % 10° Dala 2010 jete in HEC
ﬁ 10° - -g— L.,=03nb" —$— + No bad quality
Y 3 L 104 \s=7TeVv jets in EM-Calo
o i Il <4.5 ---==== Min.bias MC
p -
é 10? - After HF+ECAL noise cleaning 3 10°
£ 3
Z 10 7 107
10
i 1
0O 10 20 30 40 50 60 70 80 0 20 40 60 80
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MET In

B S

) §
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/

e —_—
ATLAS Preliminary

Data April 2010
\s=7TeV
L,=03nb"
n<45

* Data
[IMC MinBias

' wlm{js-;;\%ﬂ@“m

E* [GeV]

Events / 1 GeV

1

—T - -

ATLAS Preliminary
Data April 2010
\Ns = 7 TeV

L,=03nb’
n<d4s

® Data
[IMC MinBias

;
?‘Mmg |

Patras Workshop

|
0

) 60
g’"}’ [G eV]

20
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ATLAS

Distribution of E;™s (x,y) as measured in a data
sample of 14.4 million selected minimum bias
events (dots) at 7 TeV center-of-mass energy,
recorded in April 2010

Particle Physics

= 10—
G 9  ATLAS Preliminary o Data it041\5E,
c Data April 2010 )
S 8 \5u7TeV MC: fit 0.43\ L E,
é 7 L,=03nb"
nl <45 .
c 6 EM Scale o i
za 5 .“”‘
w P
g" 4 ‘.“
il.r 3 “."‘
“
o &
o
15
o 4 . 4 4 4 e L 4 ' - A - 4 A - i L A A - lfl
0 50 100 150 200 250
Y E, [GeV]
8 July 2010  Filip Moortgat
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Calorimeter
% E CM3 Proliminary 2910 -
(D 100§". V=7 TeV -
(\h E - Gimutation
;C'; 10°E o
> B
W 4ot .
S E Inclusive
g 103? ..g. 3
E .- 3
Z10°F 3
: \
105r ‘;’. ‘ 3
1:n_. Al ﬁir’lf I I ‘.‘ n )
0 20 40 60 80 100 120 140
Calo E, [GeV]

In CMS, particle flow techniques

MET in CMS

Calorimeter + Tracks

CNS Prefminary 2010 3

ETH Institute for
Y Particle Physics

Particle Flow

significantly improve the purely

calorimetric MET

Patras Workshop

> > F CNS Prelminary 5012
8 106 Vee 7TV ~ 8 106 VEz7Tew " ]
= lsnmuumn -~ Simulation
g 10° ‘2 10° .
o - g -
E 10° E I..I>J 10* 1
8 Inclusive {1 © Inclusive :
é 10° ER 10° !
1 E ;
> 10° 1 210 E
10 ] 10 ' 4
1 ltl‘llllA PR 1 ulé‘b:ll;! IJ
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
TcE, [GeV] Pf E, [GeV]
8 18Fcus 2010 preii .
O, K reli
~. 16[Ns=7-TeV :
B g4
LL -
o 12F
© -
10F
8
6F
45._ ................
2_;.0“.... .........................
% B0 100 150 200 250 300 350
PF 3E, [GeV]
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1 lept + jet + MET (),

?0104 U L L L L L L
Example: 200 pb' @10 TeV a 4igt tlepton ATLAS o SUSY SU4]
(~ 700 pb'1 @ 7 TeV) __>8103 §|gna Preliminary a

% SM BG
LMO/SU4  10TeV TR

® single top
AW

vZ

T I ) L} T l Ll Ll T ] L] ) L) ] T T L ' L] Ll 1 [ L

-
o

T IIIIIIII T IIIIIII| TT IIIIIIL

= T TLAS preltmmafy estlmate = —o—  BCD light jets
- i -50 d'scovery E 10 2 QQD bjets
- mSUGRA{anﬁ B 10 A=0, u =+ * DiBoson

IIIIIIII T IIIIIII|

luminosity [fb™]

1 Illlllll | lllllIlI | lIIIIIlI 1 IllllllI

/' -,
% i | |
10705001000 1500 2000 2500 3000 3500 4000

Effective Mass [GeV]
— *Exact reach depends strongly on

m;=m.= 440 GeV:
M=M= 480 GeV-

AR

107E N NG
50 pb! perrsss=mns ;ff:‘ R S—

assumed systematic — here 100%

i iiijiiiiT

*Discovery sensitivity beyond

107 Tevatron from 50 pb-' onwards.

L 11111|

Fastsimuigion
lclt — Els — tl3 - 11101 | '112' | 11141 to squark masses of ~750 GeV
LHC centre-of-mass energy [TeV]  \ith 1 fb-"

Patras Workshop 8 July 2010  Filip Moortgat 2%5
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* Event selection:

37 nb!

» Muon 1id cuts

» Isolation, ppand MET cuts
* Monte Carlo: Event count normalized to
integrated luminosity

CMS Experiment at LHC, CERN

CMS Run 133875, Event 1228182
y “ !l Lumi section: 16 =y
\\ | Sat Apr 242010, 09:08:46 CEST Sa

Muon p;=38.7 GeV/c

ME; = 37.9 GeV

Mt =75.3 GeV/c2

Patras Workshop

CMS Preliminary 2010
L,,=37nb"' \s=7TeV

_+_

T T T | T T T ]
T -

® Data

. Wopnv

QCD

T TTTT

. Other (EWK)

-
o

Events /10 GeV/c?

—

20 40 60 80 100 120

M, [GeV /c?]

# of candidate (M. > 50 GeV) = 137
# of expected signal (M., > 50 GeV) = 128
# of expected background (M, > 50 GeV) =7

al

W—pv candidat

v/
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W candidate in ATLAS (x5,

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST ;Q\ A T LA S
4 EXPERIMENT

p,(u-) = 40 GeV
)= 20

E, "= 41 GeV
M_=83 GeV

W-uv candidate
in 7 TeV collisions




Two

Events/10 GeV/c ?

event selections:

» Basic electron ID, no MET cuts

1T 71 l T T | 1T l T T T 1T l T T T I T
CMS Preliminary 2010 - Data
00 =7 TeV L_=0.0505 pb"' Ew-ev
\S=T TeV L, =0.0505 p [1QCD+ v j
[ Others
80

60

40

20

0 20 40 60 80 100 120
M; [GeV/c“]

Events/10 GeV/c ?

2]
o

III|IIIIIIIII|IIII|IIII|IIII|IIII|III]|IIII|I

» More advanced electron ID, cuts

©
o

[e:]
o

~
o

50

40

30

20

10

51 nb'!

on E;, MET, ZE,

CMS Preliminary 2010

-#-Data
[Ow-ev
[]QCD+vj
[[]others

\5=7 TeV L,,=0.0505 pb"

IlII|IIlI|IIII|IIII|IIII|IIlIIIIII|IlI]|IIlI|l

0 20 40 60 80 100 120

M, [GeV/c?]

196 candidates with Mt > 50 GeV
MC: Sig =176, Bkg =11

173 candidates with Mt > 50 GeV
MC: Sig=163, Bkg=5

Patras Workshop

8 July 2010  Filip Moortgat
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W properties (D el

> -""[.."T'"'T"’.]""I""I'."]""'i >25Ill ll T LB T T T Il lll LI II Il-‘
8 9t ATLAS Preliminary - 8 ATLAS Preliminary
W of IL=6.7 nb’ i @® - IL=6.4 nb’
. B b2, 1
3 75 —o— Data 2010(\3=7TeV) 3 q:) —e— Data 2010 Az =7 TaV)
£ El— [ Jwoer 3 S Cwsm
w6 CJaco 3 15 [ cco .
s 1 Cwes E w-
: : -
4 3 10 -
3 r
2 .
1 .

et rern A S
0 10 20 30 40 50 60 70 80 % 10 20 30 40 50 60 70 80
P [GeV] P [GeV]
Electron channel: Muon channel:
17 candidates 40 candidates
11 W+ 25 W+
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SM W+/W-~1.4
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« Traditional approach: search for opp. sign, same flavor
leptons from correlated SUSY production:

~0 + -, - -~0 slepton on-shell: seq. 2-body decays
—> —>
X2 AR ? £ i Xi slepton off-shell: 3-body decay
« Background estimations from ey control sample.
Same flavor; opposite sign leptons  Opposite flavor; opposite sign leptons

SUSY LMo SUSY LMO

3 = 2 % T —

+ + 1 m-iem
8 = & sfm m(e”u") T e
2 > B WW.ZZWy.Zy
6 . 8 30 QCD,J'PY
< e . Pseudo data
é % ® . CMS preliminary 10 TeV
& g 20 Y in the backgroun

ttbar

300
my, [GeV]



Z candidate

ETH Institute for
Particle Physics

WATLAS

-lEXPERIMENT

Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_=89 GeV
Z~ee candidate in 7 TeV collisions




/ —e+e— observation

» Event selection:

» Two electrons with E; > 20 GeV
* Monte Carlo: Event count normalized to
integrated luminosity

CMS Experiment at LHC, CERN
CMS § Run 133877, Event 28405693
il Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Electrons p;=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

Z—-ee candidate
Patras Workshop

( ' ETH Institute for

Particle Physics

I I 1 1 I 1 1 1 I I I I I I I 1 1 1

CMS Preliminary 2010, \s =7 TeV ® Data

[1Z > ee
10 JLdt = 0.0523 pb ™’ I Qcb

[ Electroweak
B 15

0 50 100 150

T

Illllll | llllllll | Illlllll | IIIIIIII L

200

M. [GeV/c?]

#of candidate = 18
#of expected signal =19

#of expected background = 0.8
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Z — U U~ observation

* Event selection:

. U, of MS Preliminary 201
> Muon id cuts S10°E CMS Preliminary 2010
. : (&) = L,.=60nb'\s=7TeV
» Loose isolation, p cuts O f <~
. I3 EZ-un
* Monte Carlo: Event count normalized to = 10g ) [l
. . . %) = .
integrated luminosity e r | L
S L
> -
o 1k
CMS Experiment at LHC, CERN -
CMS i Run 136087 Event 39967482 —
Il Lumi section: 314 10—1 -
( Mon May 24 2010, 15:31:58 CEST =
- IS | Sy | S— | —— g -
Muon p;= 27.3, 20.5 GeV/c s s s | e— [ — B 5
Inv. mass = 85.5 GeV/c? \ll SN S| S— S—) — ‘ ‘ ‘ 102 =
10° ¢
C1
0

I l20 40 60 80 100120140 160180 200
_ m,. . (GeVIc)

#of candidate = 25
#of expected signal = 24.7

#of expected background = 0.08

Z—uu candidate
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real lep | j real lep / j, > fakeT 1real |
Elep chg misID f j:% WNLV E 1 fake C
: v N )
It ) ] \\ / « Lt +
b/ b ,

SS dileptons

Classic SUSY signature; very low SM background.
Reliable data-driven background estimate is critical.
Basic cuts: ee/ep/pp with pT>10, pT>20 GeV
23 jets ET>30; SumET(jets)>200 GeV
MET>80 GeV
Key issues: fake leptons & electron charge misID
Largest background: ttbar

b
¢ > \\ v b
;
; 3 1 from b decay

I
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SS dileptons () s

o 500
3} [ CMS Preliminary,\N's = 7 TeV
]
% P Observe 1 event in 100 pb™’
() [ Observe 4 eventin 1 fb™’
Sum
o I B cOF Preliminary 31 (3.2 fb™)
= 400
£ - B Do observed limit (2.3 b7
[ 3 LEP excluded regions
350 |
mSugra: tanf = 3, A0 =0,{(u)>0
300
250 |
%,
200§?
150 ¢
v
"‘\\:\s~‘--‘~h o
100 x_-_.-_. |

0 100 200 300 400 500 600 700 800 900 100

m, (GeV/c?)
Patras Workshop 8 July 2010  Filip Moortgat



DM properties @ LHC

r

4 ' ETH Institute for

Particle Physics

Courtesy of K. Matchev

pessimism

optimism

Missing Mass measurements Spin
momenta measurements
chains
None Inv. mass endpoints Inv. mass
and boundary lines shapes
Mess Megi, Hy Wedgebox
Approximate Smin, M1gen M+,, My, Msc As usual
Mcr, Mro(n,p,c) (MAQOS)
Exact ? Polynomial As usual
method
pessimism optimism
>
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Mass reconstruction U)VESxH

q q
:/:/:@
g q 2 \

« Kinematic endpoint technique (classic)

« More recent: polynomial method (2003), wedgebox (2003), kink in
MT2 distribution (2008)

Example of new method for sparticle reconstruction @ the LHC:

* Precision sparticle spectroscopy in the inclusive same-sign dilepton channel at
LHC, K. Matchev, F. M., L. Pape, M. Park, hep-ph 0909.4300

&, df u, et v
o | /i) | |[X/ e | /) R
t
A’,, M,
— . U
p u/d ir Ve Xi

d/ 2\ M‘ml et \y
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Stopped Point R (cm)

Stopped gluinos

4 ETH Institute for
‘ Particle Physics

CMS PAS EX0O-09-001
Where do R-hadrons stop?
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CMS prelirr’linary
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R-hadron stopping efficiency
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Gluino Mass [GeV/cA2]
* Offline analysis based on hadronic calorimeter (HCAL) energy deposit, shower
shape, and pulse shape.

* Trigger efficiency: 31.8%. Efficiency after all cuts: 16.4% of stopped gluinos.
Js =10 TeV, m(g) = 300 GeV, m(x,) = 50 GeV

Patras Workshop

8 July 2010

Filip Moortgat
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CMS PAS EXO'O'Om Num stopped undecayed particles

beam on L-o'7T

Data taking time

# of stopped undecayed particles

CMS PRELIMINARY

N to, o« L’

o

Simulated event \/— \/—

» Trigger: calorimeter (HCAL) energy + out of LHC collision
times (beam gaps+interfill periods). Use coincidence of beam
pick-up monitors upstream of CMS to veto pp.

« Dominant background: cosmic rays+instrumental noise (both
studied during extensive CMS cosmic ray running in
2008-2009). Rp,ckgrouna=4* 10 Hz.
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Significance

ETH Institute for

Stopped gluinos (3) MRS

Signiﬁcance VS. running time CMS PAS EX0O-09-001 scaled from 10 TeV =7 TeV

for various gluino lifetimes Significance vs. gluino mass

L 'l""}""|""[""]' R TT T T TTTT |||||||||[|||||||||1||||[|||||||||1|| |

Q
= | Lins _10 Zem2s-1 : : : : . (&) - s : L _=10%cm2s |
: : H : : : inst
1 0 - m~_300 GeV | ............ S ..... =7 ..... T e ................ -‘____-_-_-_-_-7-: g 10 _‘.‘\/_——7Te 444 v ...... 1 30 days —
" | m.=100 Gev 17 9 B - | m.=100 Gev 7
L : : g B ortias § - Y L 5 i : 5 : : : L , .
| |Gluino lifetime ,"»""“E i c B Gluino lifetime |
—lus _— ; o) : N : : : C|—1us
8——- — 1ms - — 8_, .............. u‘~ ............... e e e i _1|‘- —
: : . H : : : : ms
L (7p) B i A W i : : : |
—1h i |—1n
- |----12h L i |---12n .
L |---1d L - 1d .
-+ w

6l

i ; ; 5o dlscoverv |

al CMS Prellmlnary_

L EXO 09- 001 scaled t0\s 7TeV

L ST RIS TS ‘ .......... |

EXO- 09 001 scaled to\s = 7 TeV _ L |

0_ | ]| | k I I | i | | I | [ 1 1 1 1 | - | | _I 111 | 1111 I 1111 | L 111 k 1111 | L 111 1 L 111 : L1 11 1 Ll |

0 5 10 15 20 25 30 00 250 300 350 400 450 500 550 600 650 700
Days m; (GeV)

Beamgap exp’t: T=1us—>hours; interfill exp’t: T=hours—>weeks
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» Particle Physics

« A very early analysis: dE/dx and possibly TOF based
« dE/dx part is well understood from cosmics running

» Sensitivity beyond the Tevatron with as little as 1 pb-! of data

i i rv LT TTT L rrri rrri rrri LI TTTT I Frri |-
g Feewtliil CUS FrlmBy 20— D v MC
% : 600 —
i B —e— 900 GeV data -
o - -
o\°1 02 S S A . 500: ]
& f - ’
S ’ ’ 400 ~
-;8; 10 R ",", .......................... ...................... S ] E E
> : y dE/dx only { 3000 E
g | Gluino | - - ¢ :
N & l - 200F =
— 1 - N ‘ = L Proton -
- ‘ ‘ | Stop B Kaon ¢ .
_ 100F- -
10-1 ——| ''''' . 'I ' ..... - L l II ..... L L | |Il ..... L il ..... Illl lllll L II—E : 1 | | L1 I Ll I. Ll | 111 I 1111 I L1111 | 11 :
100 200 300 400 500 600 700 03 0.4 05 06 07 08 09 1 11 12 13

Mass (GeV) Mass from dE/dX (GeVic?)

CMS PAS EXO-08-003, scaled to 7/ leVv y
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Conclusion

» After many years of preparations, the LHC
has started producing collisions at 7 TeV

 ATLAS and CMS detectors in excellent
shape, first physics results appearing

 We've covered Particle Physics up to the ‘80s
(W/Z) — soon entering the ‘90s (top)

« Expect to extend Tevatron searches for
SUSY starting end of the year

« Stopped gluino and HSCP results earlier
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