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The Standard Model is in impressive agreement with experiments at all energy
scales probed so far. Why look beyond?

The Standard agrees with all confirmed experimental data from accelerators,
but is theoretically very unsatisfactory.

Or less theoretically (next talk), let’s ask some fundamental questions ...
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Fundamental Questions

We know what only 4% of the universe is made
of. What else is out there? What is dark matter?
Dark energy?

And where has all the anti-matter gone?
We know of three spatial dimensions in

everyday life. Einstein added a forth, time.
Are there more? Is this how gravity fits in?

What is mass? The Higgs? And why do the quark
masses vary by five orders of magnitude?

Why is there at least five orders of magnitude of
nothing between the neutrinos and the quarks?
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http://map.gsfc.nasa.gov/media/080998/index.html

Fundamental Questions

Atoms

4.6% Dark

Energy
72%
Dark
Matter
23%
TODAY
Neutrinos Dark
10% Matter
63%
Photons
15%
Atoms
12%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)

Why are there twelve fundamental particles?
Perhaps they are not fundamental after all?

We know what only 4% of the universe is made
of. What else is out there? What is dark matter?

Dark energy?
And where has all the anti-matter gone?

We know of three spatial dimensions in
everyday life. Einstein added a forth, time.
Are there more? Is this how gravity fits in?

What is mass? The Higgs? And why do the quark
masses vary by five orders of magnitude?

Why is there at least five orders of magnitude of
nothing between the neutrinos and the quarks?
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Fundamental Questions

Why are there twelve fundamental particles?
Perhaps they are not fundamental after all?

We know what only 4% of the universe is made
of. What else is out there? What is dark matter?

¥ Magnetic Dark energy?

And where is all the anti-matter gone?

http://www.particlephysics.ac.uk

What is mass? The Higgs? And why do the quark
masses vary by five orders of magnitude?

Why is there at least five orders of magnitude of
nothing between the neutrinos and the quarks?
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Fundamental Questions

Why are there twelve fundamental particles?
Perhaps they are not fundamental after all?

We know what only 4% of the universe is made
of. What else is out there? What is dark matter?
Dark energy?

And where is all the anti-matter gone?
We know of three spatial dimensions in

everyday life. Einstein added a forth, time.
Are there more? Is this how gravity fits in?

http://en.wikipedia.org/wiki/Quark

Why is there at least five orders of magnitude of
nothing between the neutrinos and the quarks?
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Fundamental Questions

Why are there twelve fundamental particles?
Perhaps they are not fundamental after all?
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The LHC Ends Run 1

.
¥
LHC - B CERN
seraeeiitd “T= ATLAS ALICE
v . Point 1 =z Point 2

cMms 3
Point 5 ;T?-;,L 7 |

Comments (21-Feb-2013 09:05:25)
Phone: 77600

+++ END OF RUN 1 ***
No beam for a while. Access required
time estimate: ~2 years
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LHC Performance

. i L I I I I I I I I i
Proton-proton running at Vs =7 and 8 TeV 2 S35F ATLAS Online Luminosity E
2> 30:_ 2010pp$=7TeV =
. . . . . fQ [ 2011 s=7TeV ]
e Steadily increasing peak luminosity § N3 012 6 o E
: . 3 :
e OQOperation at 50ns bunch spacing, 3 200 E
increasing bunch numbers and charge 2 sE E
o F ]
e Integrated lumi delivered to ATLAS/CMS 10F E
5 =
2012:~23 fb'' 2011:~6fb!' 2010:~0.5 fb - :
: : . e P o oct
e Recorded with high efficiency Month in Year
above 90% by experiments CMS Peak Luminosity Per Day, pp
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
ié ¢ 2010,7 Te\ll, max. 20;.8 Hz/ub | | | |
g L 3012, TeV, max. 77 s r
£ Ao 27k
g | AR anE Y
Successful heavy ion collisions £ ° ;A -’
2011: PbPb at Vs, =2.76 TeV ¢ R )
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2013: pPb at Vs, =5.02TeV 3 : Pt
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Pile-up: A Price to Pay
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ATLAS Online Luminosity =
[ Vs=8TeV, [Ldt=20.8b", 4> =207 ]
O Vs=7TeV, [Ldt=52" <u>= 9.1

Recorded Luminosity [pb “70.1]

lll[llllllllllllllll

I\]II]I[II[lII\lII]IIII[III‘II\lllllA
lllll

l A I B PSITIN IR A

5 10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing

OO

e Up to 40 pile-up interactions,
exceeding design conditions

e Challenging e.g. for trigger and
DAQ, lepton/photon isolation,
vertexing, E;™s, jet energy scale

Continuing performance studies
Z-> up candidate with 25 reconstructed vertices to understand impact of pile-up
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ATLAS and CMS

Needles in a Haystack - Beyond the Standard Model Searches at the LHC

Two gigantic multi-
purpose detectors

Different designs but
similar design goals

ATLAS emphasis on

excellent jet/MET
resolution, particle
ID and muon
reconstruction

CMS emphasis on
excellent resolution
for electrons, muons
and photons




Particle Identification

Tracking Calorimetry Magnet Muon Spectroscopy
* Momentum * Energy * A gigantic tracker for penetrating
measurement measurement (charged) particles
and particle ID by absorption
[ T T T T T T T
Oom m 2m im 4am 5m 6m /m
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
"""" Photon

Silicon
Tracker
\ Electromagnetic ™\ b3
}'i l' Calorimeter :
/ i
Hadron </ Superconducting =
Calorimeter Solenoid Z

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

r
D.Bamaey,
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Event Signatures

i
|
|
1
|
|
|
I
t | Jet:
: p;r=61.7 GeV/c
I n=1.38
: Muon: |
I p;=64.4 GeV/c:
L | n=0.29 ‘ Jet:
t - =13
I p;=135.9 GeV/c
: n=0.79
: Missing E;:
: 65.9 GeV
|
< I S
- : - Jet:
Theory Experiment Jet: pr=51.5 GeV/c
pPr= 61.7 GeV/c n=-0.12
n=0.81
* Experimentalists measure final states g
composed of multiple objects
Run: 163480
— Those are “theoretically” not unique! Event: ST0GE0N

e Multiple models can yield the same final states
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Exploiting Event Properties

ttbar
Jet:
p;=61.7 GeV/c
n=138
Muon:
p;=64.4 GeV/c
n=0.29 | Jet:
p;=135.9 GeV/c
n=0.79
Missing E+:
65.9 GeV

Jet:
Jet: pr=51.5 GeV/c
pr=61.7 GeV/c n=-0.12

n=0.81

CMS

Run: 163480
Event: 81224410

t

g

e New physics? Search for deviations from expectation, %i) —

taking into account detector effects and backgrounds ) ?\{ W
gﬁ&y A

e Interpretation in specific theoretical framework
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Not Just One Haystack

o(dijet) ~ 1018 T
Nov 2012 CMS

Q' i :
Qo : W : $ 7 TeV CMS measurement (statdsyst)
w1 05 E _._ Z i i 8 TeV CMS measurement (stai®syst)

OQ ! ' —— 7 TeV Theory prediction

EZ“ O H —— 8 TeV Theory prediction
S 10'E 1] i
9 E L > 5 : ; .
D N ) : : . .

3 i o i : " : : ‘

D10 W/ o twy o
@ Ei = = o Zvio
8 10° [ Z4); 3 —o—iwwawz; WW |
o) - ! : l
= - . : : —p— Z7
© 10| E™ > 30 Gev i E{>15GeV 1 .
=) E ! ot : : ' il ~
ke = <24 p AR(D>07 : ; o(H>WW)
— - 1 1 1 1
o 4L : : 1< M,~125Gev

r 4, 150f" 491! 4 4ofbs

: 36, 19 pb : 5.0fb : 35 fo! 11fb 53 fb'1:

JHEP10(2011)132 LR CMS-PAS-EWK-11-010 {(W2Z) H
JHEPO1{2012)010 OVS W00 CMS-PAS-SMP-12-005 (WW7), N eW PhySICS?

CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)

It's a problem that's been likened to finding a needle in many, many haystacks!

Martin Wessels Needles in a Haystack - Beyond the Standard Model Searches at the LHC Page 17



Needles in a Haystack

Introduction

Experimental search techniques
— SUSY search with razor
— Boosted object search for bulk RS graviton

— Light Higgs decay to long-lived particle
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Supersymmetry

SM with prominent problems, SUSY most studied BSM theory

e Extends SM by new symmetry predicting heavier

superpartners with spin-% compared to the SM Pamdes\u\‘) 9
(s-fermions, gauginos) ) 29
e Bonus features: No/little fine tuning due to Higgs q < ‘f

radiative corrections, unification of forces,
dark matter candidate exists

But: No SUSY particle has ever been seen yet!

e SUSY not a perfect symmetry, must be broken
by some mechanism Dirac

gauginos

e Many possible variations, more than 100 free
parameters even in minimal models (MSSM)

e R-parity = (-1)>>*3B*L conservation?
If not, (finite) lifetime of lightest sparticle

Supersymmetric “shadow” particles

CMSSM

T.G. Rizzo, 40t SLAC Summer Institute
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What Does SUSY Look Like?

At LHC SUSY particles are pair-produced (if R-parity is conserved)
e Dominant: Production of squarks and gluinos via strong force
e (Cascade decay to lighter and finally lightest sparticle (LSP)

Common signature: Multiple, high energetic jets and E;Mss

e Can reduce backgrounds by requiring additional particles
(zero, one, two leptons ... two photons .... b-jets ...)

10 Prospino2.1
- o,,pb]: pp = SUSY VS=7TeV |
I Strong production
-1
10 |
-2
10 |
p
3
0 q
100 200/ 300 400 500 600 700 800 \sm;\
g m, yerage [G V] H
Weak production averag Direct stop
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Classic SUSY Searches

The typical signature: A lot of energy in the SM QCD with
detector recoiling against a lot of E;™'s

e Hadronic signatures: large SUSY cross
section, overwhelming QCD background

e Leptonic signatures: reduced QCD
background, reduced production rate

Jot pT: M GeV

MHT. §83 GoV

v SM Z(wv) + jets

Jot pT 468 GoV

Modeling and controlling high-energy tails for
\ - QCD processes challenging

e Large uncertainties on QCD cross sections and
kinematic properties (number and p; of jets)

{l

bl

Jot pT. 214 Gav

e Background estimates include data-driven
methods, dedicated control samples, multiple
methods for cross checks

Martin Wessels
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The Razor Approach

e Classic SUSY analyses involve searching for Classic | Razor
deviations in exponentially falling spectra & >l
_ z | T 5| o
— Is there an observable which allows for S g S
_ 3 |sie
better separation? "

e Consider a general SUSY topology: squark-squark - (q LSP)(qg LSP)

lab frame di-squark (CM) rest frame squark rest frame

e This frame is approximated as the R-frame where Here the mass scale is M,:
the energies of the two jets are equal

Large for signal events!

e Define Mg which estimates the scale event by event Mi—M?
—_ 7 X
e MR acts as transverse mass and has a cut-off at M, M= M.

q
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SUSY Bump Hunting

Dimensionless razor variable R Ml;
) = — = L 71
e Small for QCD, large for signal Mg MR = \/(| / |+|P ﬂz + P
CMS Simulatio (7Tv Ldt=729nb" QCD 1 11 2 =11 — i1 172
05ty VR — (| EF(pr + pr) — EF™-(Pr + pr)
0.45 100 T = >
044
0.35
03
025

M. peaks at M, for signal,
exponentially falling for background

q- i ' IR
0 500 1000 1500 2000 0 J 500 1000 1500 2000 0

CMS Simulation Vs=7 TeV f Ldt=750pb"  tijets CMS Simulation Vs= 7T v f Ldt=750pb"  SUSY LM6

F ) E - MR
04513 ttba I’+JetS* 350 SUSY (LM6)
" 300 3

250

Each background has own shape in
R2-M;, plane

M, peak moves to the right as scale

20251 R - P increases

150
100

SUSY search becomes a bump hunt
on exponentially falling tail

' 0 e e i vy L
1000 1500 2000 §) 500 1000 1500 2000 0
M, [GeV] M, [GeV]

500
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Inclusive Razor Analysis =47 o

Vs=7TeV

CMS inclusive razor analysis in 4.7 fb! at 7TeV

e Each event is treated dijet-like by grouping the
reconstructed jets into two mega-jets

[ (Tight MU pT > 12 && WP8O ELE pT > 20)? |

(ELE-MU Box}«—— no _ . . N
[aht/ioose MU pT> 157207 ) Very inclusive selection requiring at least
(MU-MU Box)e—'55— Ino two jets (60GeV)
[ (wpgo/wpss ELE pT > 20/10)? |
ELE-ELE Box je——= ¥ |no e Events are assigned to one of six “boxes”
[ (ight MU pT> 12)2 | according to lepton flavor (e, mu) and
_MU Box_J< = ¥ v their number (0-2)
[(wpso ELE pT>20) |
(ELEBox Je———F y lNo e Six additional boxes for events with
_HAD Box | at least one b-jet
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Inclusive Razor Analysis =47 o

Vs=7TeV

e After M/R? cuts QCD background negligible E.g. for HAD box:
M>400GeV, 0.18<R?<0.5

e Use 2D fit function in R>-M; plane to
model the backgrounds

§ B CMS\s = 7 TeV
— Fitin low M_/R? fit region s HAD box [ Lot =471
. . L% 1035_ Lgl?/!t%l'otal
— Extrapolate to signal region - Vejets Ist
- tt+jets 1st + effective 2nd
— For each box multiple signal regions -
to validate background model e
—0z 02 03 03 04 045 05
. 5 HAD box SR p-vales-CM\Fs=7Tevf Ldt=4.7 fb™ 1 1D projection RZ
o - R i I
0.455— SR2
OAE|E .
0.35;—
03 HAD 68%range mode median observed p-value
- 10°  "SR1 (0,0.7) 0.5 0.5 0 0.99
0.25F SR3 SR1 SR2  (0,0.7) 0.5 0.5 0 0.99
- SR3 (45, 86) 73 69 74 0.68
o S I R T B R S . SR4& (4,15 95 105 20 0.12
500 1000 1500 2000 2500 3000 3500 ° SR5 (5(30, 64)9) 566 593 581 0.82
M;[GeV] SR6 (886,1142) 987 1020 897 0.10
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Inclusive Razor Results =47 o

Vs=7TeV

CMS\s=7TeV | Ldt=47fb"

;l I I I 1 I B I I | I I I 1 I 1 I I | I ) 1 I I I I ) I
) tan(p)=10 < S5 2
C) 900 o | A =0GeV % \\))\ m(g) = 20
ot w>0 2 8 ) = 2000
=173.2 GeV .
a 800 i ° Razor Inclusive
73 Hybrid CLs 95% C.L. Limits
y

Median Expected Limit
Expected Limit 1 0
e Observed Limit
------- Observed = 1 o (theory)
== HAD Observed Limit
Leptons Observed Limit

m(g) = 1000

500 1000 1500 2000 2500 3000
m, [GeV]

No significant deviation between data and SM prediction observed
— Gluinos up to 800 GeV and squarks up to 1.35 TeV excluded (CMSSM)
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Boosted Objects

S A heavy particle will give a boost to its decay
b products

e Hunting massive particles = search boosted
final state objects

As e.g. seen in SUSY search before, exclusion
limits approaching TeV scale

e Many searches now looking for heavy
particles, SUSY and elsewhere

Define “boosted object”

e Include all decay products in single object

o
-
©
C
()]
(@)
(7p]
©
(]
o+
wn
(@)
(@)
o)

e Deploy substructure to improve S/B
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Large Radius Jets

In general, jets from hadronically decaying
t/W/Z/H begin to merge under boost

Solution: Large-radius jets, but

e Large area = more pile-up noise
— Need jet cleaning (grooming = trimming,
pruning, mass drop/filtering)

e Single jet = more QCD background
— Deploy substructure

-
- ~

O O O“; —_ Leptonic decay I
O Q O;’ b well separated v
\\\\ O ’/’ W+
Initial jet O p"T/p',?t < feut Trimmed jet - 7 . \
E.g. jet trimming: Removal of soft subjets greatly vy b

Hadronic final state

reduces pile-up dependence merged to two jets
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Background Discriminants

Jet mass can be a powerful discriminator

(Jet Mass)? = (2E.)? — (2p,)?

e Needs substructure methods to reduce
QCD background

2}
£ 0.225 ATLAS Preliminary - Simulation

Jet mass subject to soft, wide angle 2. 0.2F antik LCW jets with R=1.0, 600 < p* < 800 GeV =
. a 0 18:_ ----------------- No jet grooming applied Z— o3 _:
CO n Stlt U e ntS E - [ sssssssssss No jet grooming applied Dijets (POWHEG+Pythia) ]
g 0.16F Trimmed (f_=0.05, R_=0.3) Z— o -
PY Jet mass iS Calibrated tO MC truth 0.145_ e Trimmed (f_ =0.05, R =0.3) Dijets (POWHEG+Pythia) —f
e Validated in data, e.g. ttbar 0.12F E
0.1 -
;51m0_'"|"'|‘"|.".'\"'\"'l"'l"'l"'_ - Z_)qq .
8 - ATLAS Preliminary :xm-f Lea7s’ 0.08F =
R M N 0.065 :
= - Trimmed with p_ > 200 GeV -x ::-_J;:j - 0.04:_ '“1,2_ _:
600 B uttiet — - u:E= .
i : 0.021 *: E

00 50 100 150 200 250 300 350 400

Jet mass [GeV]

e Many other substructure and combined
methods (e.g. see talk E. Kuutmann)

1.25}
1; S —
0.75F

03020 60 80 100 120 140 160 180 200
Jet Mass [GeV]
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Search for Resonant ZZ Production  :-72#

Vs =8 TeV

RS model = “5D warped

Many extensions to the SM predict heavy resonances geometry theory”

decaying to pairs of EW gauge bosons
In the “Bulk” Randall-Sundrum (RS) Model

e All SM particles except for the Higgs are . Y
free to propagate into the bulk

bulk

e Decay Graviton G" to t/W/Z/H pairs enhanced

ATLAS search for resonant ZZ production in 7.2 fb™! data at 8TeV

e Use semi-leptonic final state ZZ - 1l qq . Z

— Reduces multi-jet background ’
e Analysis optimized for both low and high resonance masses

— Signal mass range from 300 to 2000 GeV q 5 _q
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G ->Z72Z-llqq LT

Vs =8 TeV

Z pre-selection: Exactly two same flavored leptons (e, p) with 66<m;<116GeV

Resolved region Merged region
* p,'>50GeV *  p;'>200 GeV
* Two anti-k; R=0.4 jets with * One anti-k; R=0.4 jet with

AQi<1.6 and 65<m;<115 GeV p/>200GeV and m;>40GeV
> ;l T | T T T T | T T T T [ T T T T > 1 3 _I T T T | T T T T | T T T T | T T T T I T T T T 1]
o - ATLAS Preliminary o pata o 0 - ATLAS Prelminary o pata E
S 10°F 1s=8TeV, |Ldt=7.210" BB wiwz2z S [ s=sTev,|at=720" Ewwwzzz ]
E . - Zsee+Z- jas %vV+jets E r Z—>ee+Z-uu %t\}VHets 7
§ 10" E Resolved Selection — ?g;ﬁ%) GeV § 102 3 Merged Selection — 21;*;11380 GeV_
L L n

IIHIII T IIIIII|

10

T IIIIIIII

TTIT T IHII'ITl T T TTTTT

it IR

1 1 1 1 1 | 1 1 1
500 1000 1500 2000 500 1000 1500 2000 2500 3000
m(lljj) [GeV] m(llj) [GeV]
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Bulk RS Graviton Results L=7.2fb"

Vs =8 TeV

g 12T Acceptance computed using signal MC
c L ATLAS Preliminary

& 4L \s-gTev |Lato7om! 27 € CNaMe -

2 - T - — Combined approach of resolved and
= o[+ MResolvedSignal Region merged selection yields good

—e— Merged Signal Region

acceptance over whole mass range

Illllllllllll[lllllllll

LI I

T T I T T U I T T T I T T T
RS Graviton, x/mg, 4= 1.0 |

o 1 T
200 400 600 800 1000 1200 1400 1600 1800 2000

—e— Observed 95% Upper Limit _|
My ,n(G) [GeV]

————— Expected 95% Upper Limit
[ +1o
[ J+20

ATLAS Preliminary
\s =8 TeV ,JLdt =72 |

T TTTT!

*) x BR( G* — ZZ ) [pb]

No resonance structure is observed in

O 10
data (bump hunter algorithm) ToF
Q_ N e
— Lower limit on RS graviton massis ° [ N\_ = ONITs
850 GeV for this model P T AT ET U R I T R
400 600 800 1000 1200 1400 1600 1800 2000

mg. [GeV]
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Long Lived Particles (LLPs)

Hidden Valley

RPV SUSY LSP

Several New Physics models could give rise to new,
massive particles, with long lifetimes

SUSY/DM

Lifetime of LLPs can have large range, resulting in R-hadrons

macroscopic decay lengths up to or exceeding
detector volume

Stable sleptons

(RPV) SUSY

Magnetic Monopoles
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LLP Signatures

Many experimental signatures for long-lived particles!

Hidden Valley

Neutral massive LLPs signatures

e Decay inside detector: displaced vertices/jets “_

/

RPV SUSY LSP

SUSY/DM

e Decay outside detector: MET -

Charged massive LLPs signatures

e Really slow: stop, decay out of time

w

e Decay: kinked, forked, disapW

e Slow: highly ionizing, dE/dx —

rd

R-hadrons

Stable sleptons

(RPV) SUSY

Magnetic Monopoles

—» Wide range of analyses, looking for many different
signatures and often using the detector in “non-standard” ways!
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Hidden Valley Scenario

‘ Energy

e Hidden valley (HV) sector and SM
communicate via heavy communicator
particle (Z, Z’, Higgs, neutralinos, other)

e Weak coupling between HV and SM can
lead to particles with long lifetimes

Consider light Higgs boson decay h® - m, m,

e 1, = neutral, long-lived, displaced decay
mainly to bbbar pairs

b
g T’[v’ ’< B
—— ]
hshyk "= b
T[V -~
Mix{;g <B

Displaced vertices

— Use specially developed trigger algorithms, specialized tracking and vertexing
algorithms to reconstruct displaced vertices

Martin Wessels
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Triggering LLPs

First challenge to accept events: new physics - need every event
But e.g. lowest unprescaled jet threshold at ~200 GeV
—» Different triggering techniques required for each section of the detector

Decay in calorimeters (B)

e Narrow jet like object v _

e Little energy in ECal, but large energy | _ i “l,';'
deposit in HCal, log(E;np/Eep) AR o

e No visible track from jet to IP YA | 2 s“":‘:‘ > < )

Decay in muon spectrometer (A)

e Large number of muon clusters in
narrow region

e Usually no associated tracks in ID
* No calorimeter activity

—+ Special triggers for these signatures developed
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Trigger and Vertex Efficiencies L=1.94 b

Vs=7TeV
Using specialized muon | T
trigger results in high —
- B e
selection efficiency e Mo
F> B o '\, = '&;‘:’h\‘ﬁ - .- |
Sensitive to decays -~ z ‘
| ; .
In range 4 < r < 7m | ".' - - OR0_000 T “
| Sl \
s===-0 D\ - —[ES==2

L] o~

‘\ [ | o B\
5\0-6_||||||||||]||| T 17T ||||||||[||||||—|_' N /‘ ’}H/‘ - — - —— "
.5 E ATLAS _*_ _]_ 1 r-*»vr wnnppr-p - = : //;M Ll “:\.\\ - ok
& 0.5 Simulation —¢-:+:‘ - | " 2
k - —e— m=120 GeV, m, =20 GeV + T-*'_ __|_

% 0.4] —=— m=120CeV, m, =40 Gev Simulation . S :
iE —

o
w

—a— mM,=140 GeV, m =20 GeV -+ . % | . h
—y— m,=140 GeV, mr_.=40 GeV - _i
Event selection

—‘—

0.2/~ h T < e 2 back-to-back vertices in the MS

oab- + 4{ E with no nearby jet or track activity
OE * ... “=%, 1 e \Vertexreconstruction efficiency of
0 2 D A S . the MS approximately 40%
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Light Higgs to LLP Results L=1.94 "

Vs =7TeV

L l T T T I T 17T 1T T 7T I T 17T I 1T 1T l L

ATLAS

—
o
o

Simulation

—— m, =120 GeV, m_=20 GeV
——— m,=120 GeV, mnv=40 GeV
.......... m, =140 GeV, mnv=20 GeV
.......... m,=140 GeV, mR:=40 GeV

e Expected background from punch-
through jets 0.03£0.02 events

(02]
o

— No events observed in 1.9 fb! data

Number of events per 1.94 fb™
(@]
o
L L T T T T T 17T J T | T T 1 |

[ | L1 1 | L1 1 | L1 1 | L1 1 |

40
20t
0 ; T A B QI":“..“.“-. B O Sl o Al
0 5 10 15 20 25 30 35 ]

1S AL B N R LR B R AL BLELES AN ELELELE
: 95% CL Limit: m, =120 GeV, m_=20 GeV
.......... 95% CL Limit: m, =120 GeV, m".=40 GeV
95% CL Limit: m, =140 GeV, mﬂ'=20 GeV

.......... 95% CL Limit: m =140 GeV, m_=40 GeV

ATLAS

m, proper decay length [m]

h

N
O,
‘::t:::: -

A broad range of i, decay length
excluded at 95% CL

e Assuming 100% BR for h® - i, mt, L

0.5

95% CL Limit on o/cg,,
N
N

JLdt =194 b’
ys=7 TeV

—

)]
) ) |
[N USURR R

1111 |W A |I 111 |I

I

.......
......

T

........
.........

New results expected late this summer 05 . i S

m, proper decay length [m

T

T

w _I L1 1 | L1l

5

—_—
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More Searches

Focused here on experimental techniques for searches
— SUSY search with razor
— Boosted object search for bulk RS graviton
— Light Higgs decay to long-lived particle

Both ATLAS and CMS have probed many, many
different models for new physics!
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

_______________________________________________________________ T T T T T11 T T T T T 111 T T T T T 1711 T T T T 1711
Large ED (ADD) : monojet + E My (6=2)
Large ED (ADD) : monophoton + E; .. My (0=2) ATLAS
‘@ Large ED (ADD) : diphoton & dilepton, m, Mg (HLZ =3, NLO) =
2 UED : diphoton + E ¢ Compact. scale R™ Preliminary
2 S"z, ED : dilepton, m, My ~ R
GE-) RS1 : dlphoton & dilepton,m_ Graviton mass (k/Mp, = 0.1)
3 RS1 : ZZ resonance, my, ,; Graviton mass (k/Mpg, = 0.1) p
© RS1 : WW resonance, m ., Graviton mass (k/Mp = 0.1) det =(1.0-13.0)fb
-E RS 9, —>tt (BR=0.925) : tt — I+jets, ,m boosiod g, Mmass
0 ADD BH (My,, /M,=3) : SS dimuon, Nop oy M, (6=6) s=7,8TeV
ADD BH (M., /M_=3) : leptons + jets,>p M, (5=6)
Quantum black hole : dijet, Fx(mug M,, (=6)
U gqaq contact interaction Ty (m ) A
) qqll Cl : ee & uu, m h A (constructive int.)
uutt CI : SS dilepton + jets + E; .. A
""""""""""""""""""""""" Z"(SSMy : mee,uu L=5.9-6.1 fb, 8 TeV [ATLAS-CONF-2012-129] 2.49TeV_ Z'mass
Z' (SSM) :m,, |L=471",7 TeV [1210.6604] 1.4TeV Z'mass
S W' (SSM) :my,,  |L=47 10", 7 Tev [1200.4426] 255TeV. W' mass
W' (—1q, g _=1) :m,, |L=a7 " 7 Tev [1200.6593] 430Gev. W' mass
W'y (= tb, SSM) :m_ |L=1.0%™, 7 TeV [1205.1016] 1.13Tev. W' mass
___________________________________________________ W_*____T,_em_ L=4.7 fb™, 7 TeV [1209.4446] 2.42Tev. W* mass
Scalar LQ pair (8=1) : kin. vars. in egjj, evjj |L=1.0",7 Tev [1112.4828] 660 Gev 1" gen. LQ mass
g Scalar LQ pair (8=1) : kin. vars. in uujj, uvjj |L=1.01b" 7 Tev [1203.3172] e85 Gev 2" gen. LQ mass
~ Scalar LQ pair (p=1) : kin. vars. in ttjj, Tvjj |L=4.7 ", 7 TeV [Preliminary] 538Gev 3" gen. LQ mass
:\g 4th generatlon t't'— WbWb |L=4.7 b™, 7 TeV [1210.5468] 656 GeV ' mass
E 4t generation : b'b'(T $T5,3) — WtWt | L=4.7 b, 7 TeV [ATLAS-CONF-2012-130] 670 Gev b’ (Tm) mass
g New quark b': b®*—= Zb+X, m_  |izs b, 7 TeV [1204.1265] 400GeV. b' mass
N Top partner : TT = tt + A A (dilepton, MTZS L=4.7 fb”, 7 TeV [1209.4186] 483GeV. T mass (m(AO) <100 GeV)
o) Vector- Ilke quark CC, My, [L=461",7 TeV [ATLAS-CONF-2012-137] 1.12Tev. VLQ mass (charge -1/3, coupling k ,q =v/my)
< Vector-like quark : NC,m, |£=46",7 TeV [ATLAS-CONF-2012-137] 1.08TeV VLQ mass (charge 2/3, coupling kg =v/my)
R Excited quarks :y-jet resonance, m’ 't ’ g* mass
§’< % Excited quarks : dijet resonance, m g* mass
= Excited lepton : I-y resonance, m' I* mass (A = m(I*))
"""""""""" Techni-hadrons (LSTC) : dilepton,m,,,...’ p, /o, mass (m(p Jo;) - m(;) =M, )
Techni-hadrons (LSTC) : WZ resonance (vlll), m rwz p.mass (m(p,) = m(x,) +my, m(a,) =1.1m(p.))
S Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) =2 TeV)
£ W (LRSM, no mixing) : 2-lep + jets W, mass (m(N) < 1.4 TeV)
o H* (DY prod., BR(H™—ll)=1) : SS ee (uu), m H:* mass (limit at 398 GeV for uu)
= (DY prod., BR(H*—~eu)=1) : SS ey, m H=* mass
Color octet scal%r dijet resonance, m Scalar resonance mas
''''''''''''''''''''''''''''''''''''''''''''' 1 11 1 111 1 1 11 1 111 1 1 11 1 111
10 1 10 10°

*Only a selection of the available mass limits on new states or phenomena shown

Mass scale [TeV]
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More Searches

Much more data at 8 TeV recorded in 2012, will show a
few selected results in the following

Many new results becoming available for the
“Recontres de Moriond” conferences as we speak

http://moriond.in2p3.fr
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Search for RPV SUSY L=130f"

Vs =8 TeV
> TT 1T LI TTrT1T L TTIT1T TTT1T TTTT TTT1T TTTT TTTT
_ 3 10°E  ATLAS Prefiminary :0-c|1ata | -
e Consider RPV models where LSP decays to R b [Lat- 1o’ veogTey .
~ E e E
15t and 2"d generation leptons 2 F |sr1E™ 50 Gev) 0z :
© 10 — Mtz 3
— (11— L Otww -
€ (u ) €+ 1 e ---~tStUSYref. point _]
107 7 A l
~0 Sk~ % 1072
X]_ € L (,LL L ) v A[(V 6) S,
— — — 10—3
A121 e Far W
0 50 100 150 200 250 300 350 400 450 50

e Search in events with four or more leptons, ET™ [GeV]

electron or muon 3 10°E ATLAS Preliminary  edaa 3

o - p %% Total SM 3

. | . . 7 d t| N 102|§_ det=13.0fb \'s = 8TeV gggd. Bkg. =

e Two signal regions, vetoing Z production s SRz (m 300 Gov) B Zm :
miss +0.29 E 108 — Etiz E

— E;™>50 GeV: obs. 1, exp. 0.25*%%° ¢ L Ot i ]

— m; > 300 GeV: obs. 2, exp. 1.2+0.5 - E

. . . . 102k L —;

— Exclusion limits set for various RPV
3

simplified model

lllllll L
0 200 400 600 800 1000 1200 1400

My [GeV]
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Search for Narrow Dijet Resonances :-ws®:

Vs =8 TeV

IIIIIIIIIIIIIlllllllIllllllllllllllllllllllIl

e |nvestigate dijet mass distribution
of events with p/®*>30GeV

—&— Data

Fit

* Require |An;|<1.3 with each jet
inside the region |n|<2.5

JES Uncertainty

W’ (1.9 TeV)

— Enhances signal selection wrt.
QCD background 10

W A/C(36TeV) _

e Use large-R jets with R=1.1

— Minimizes sensitivity to gluon radiation

CMS Preliminary
\s=8TeV,L=19.6 b’
nl <25, IAnﬂl <13

m; > 890 GeV , Wide Jets

e (QCD dijet background modeled with
a smooth empirical parameterization

N
L \
LY

(Data-Fit)/oy .

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

— No statistically significant deviations Dijet Mass (GeV)
between the data and SM prediction found

— Masses up to 1.5TeV excluded depending on model
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Search for Excited Leptons L=130f0

Vs =8 TeV

e Unambiguous signature for new matter
substructure:

f/A | — Observation of exited states

e Predicted by compositeness models,

A = compositeness scale _ .
dominantly singly produced qq - [*l

8 o ATLAS pre“mir',ary e Dawz012 '] e Search performed in clean EM radiative
0 Z+ E .
S det: 1316 zﬂlts, dboson it decay channel: [* > ly withl=¢, u
o 10° Y Bkg. uncertainty =
‘g \s=8TeV (me*, A)=(0.2,10)TeV T
P 5 (m ,A) =(0.5,10) TeV ?‘ . .
° 10 Omn-ceome 5 — NO evidence for excited leptons found,
‘0 ] limits set on A as function of my.
—_— ]
L 1 3 — For A=m. masses below 2.2 TeV
. SNy ] excluded for excited both electrons
I N
200 400 600 800 1000 1200 1400 and muons
Mee, [GeV]
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SUSY Search Using 3" Generation =4

Vs =8 TeV

e Inclusive searches have heavily
constrained 15t and 2"d generation CMS Preliminary, 19.4 fb”, /s = 8 TeV

squarks and gluinos > cop T T
g 500:_ .l _: : :C;

e Dedicated search for 3 generation o L i 5
. - 4 = 19
production € ool 1300
- 1 1 3

- ‘| 141 ©

300 — \ — - 5

: ': 1 < 102E

200~ B R - 7 r

- PP—oF8gotEx, 1] 1 S

C NLO-NLL exclusions ,g 1 4 S

100 :_— Observed +1 6y, ! _: 7 —

[ i Expected +1 Gexperlmentg l g 10'3(-2

] I I L ,‘_}\)

600 700 800 900 1000 1100 1200 1300 o

rngluino (GGV)
e Require at least 3 jets, at least one b

tagged, no leptons and large MET . Observed number of events

consistent with SM expectation
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Conclusions

Hadronic / razor CMS

preliminary Leptonic

x=0.25

m(LSP)=0 GeV = :50:%.5 m(mother)—m(LSP) =200 GeV

m(mother)—m(LSP) =200 GeV m(LSP)=0 GeV

|T1= 9-qq¥’ s or

T3lh: §—qq(xs =11 %"), OS e/p edge|

|Tl: G—aax’, jets + Hy

31h: §—qq(x3 171" %), OS count e/p+ By

|T1: g—qax’, razor

T3lh: §—qq(x3 =117 %"), OS ANN

|T1= 9—raq¢’, Mp,

T5Inu: v* =% 152, SS e/u

|T1tttt: gty ap

T1tttt: g—etx°, SS-E|

|Tltttt: g—ttx°, Brtb

T1tttt: g—ttx’, e/p>2b+ By

|Tltttt: g ttx°, Mp+b

Titttt: g—ttx°, e/ >3b,Yymp

|T1tttt: g—ttx", razor

|T1tttt: g—ttx°, razor+b

|T1tttt: G—1tx", razor multijets

|T1bbbb: G—bbx°, ay

,—'ﬁqq(x‘ SWR ), e/ LS

|T1bbbb: §—bby°, Ertb

|T1bbbb: G—bbx°, Mp+b

|T1bbbb: G—bbx", razor+b

p—— " No signs of new physics yet at the LHC

[T522: 5= aa(B —+2%"), My,

T52z: g—qa(x5 —Zx" ), JZBE

[T52z: g—qa(RE ~2%°), Myp+b

|T2: a—ax’, ap

Many analysis ongoing, also adjusting in

TChiSIepSIep:—| Bx* =y’ }°, multilepton (>3)

|T2: X", jets + My

TChiSlepSlep: |x3x* —ilvy’¥°, comb leptons

light of a 125 GeV Higgs like particle

|T2: G—qx"’, razor

TChiwz:| X - Wzx"x", comb leptons

T2bb: b—b3°, ar

T2bb: b—b%", razor+b
T2tt: i 7", a
T2tt:| #—tx°, razor

Looking forward to new 14 TeV data after
the end of the shutdown in 2015

T2tt:| #—ty°, razor+b
. n i

7 TeV, < 4.98 fb~!

1000 800 600 400 200

Mass sca

0

200 400 600 800 1000

les [GeV]
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