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- Outline
 Why looking beyond the Standard Model?
— You know the answer!

e The machine, the detectors
e Searches for new physics with early LHC data*
e Conclusions

*) Chose to focus on a few characteristic examples, rather than being too inclusive

| would like to thank the organizers for a kind invitation and a great
workshop!
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Omeas Ofltl / Gmeas

A(SLD)
sin“0'(Q,)
m,, [GeV]
Iy, [GeV]
m, [GeV]

91.1875£0.0021 91.1875
2.4952 £0.0023  2.4957
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20.767 £ 0.025 20.744

0.01714 £ 0.00095 0.01645
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+° We Still Have Things to Do...
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The only Higgs
observed in Nature
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The only Higgs
observed in Nature
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The only stop decay
observed in Nature
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The only Higgs
observed in Nature
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¥ We Still Have Things to Do..

The only dark matter ¢

observed in Nature
' dark

' An Anthology of Science' ncum Audio

www.darkerprofects.com '

The only stop decay
observed in Nature
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£~ We Still Have Things to Do...

The only dark matter
observed in Nature

The only stop decay
The only Higgs observed in Nature
observed in Nature

A lot of dark energy...
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Measurement

Beauty...

Fit d

4

Omeas_oﬁtl/cmeas

(SLD)

m,, [GeV]
Iy [GeV]
m, [GeV]
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91.1875 + 0.0021
2.4952 +£0.0023
41.540 +0.037
20.767 £ 0.025

91.1874
2.4957
41.477
20.744

0.01714 £ 0.00095 0.01640

0.21629 + 0.00066 0.21585

0.1721 +0.0030
0.0992 +0.0016
0.0707 +£0.0035
0.923 £0.020
0.670+£0.027
0.1513 +£0.0021

80.392 £ 0.029
2.147 £ 0.060
1714 £ 21

0.1722
0.1037
0.0741
0.935
0.668
0.1479

80.371
2.091
171.7
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Measurement

Beauty... and the Beast

Fit domeas_oﬁtvcmeas
1 2 3

.= Standard Model: Beauty & the Beast

m,[GeV] 91.1875+0.0021 91.1874
I,[GeV]  24952+0.0023 24957
ol [nb]  41540£0037 41477
R 20.767+0.025  20.744
A 0.01714 +0.00095 0.01640
R, 0.21629 + 0.00066 0.21585
R 0.1721£0.0030  0.1722
AP 0.0992+0.0016  0.1037
A 0.0707 £0.0035  0.0741
A, 0.923 £ 0.020 0.935
A. 0.670 + 0.027 0.668
A(SLD)  0.1513+0.0021  0.1479
my [GeV] 8039240029  80.371
y[GeVl  2.147 +0.060 2.001
m, [GeV] 171.4 +2.1 1717
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f—% andard Model: Beauty & the Beast

Beauty...

Measurement Fit AOmeas—Omllomeas

£

m,[GeV] 91.1875+0.0021 91.1874
I,[GeV]  24952+00023 24957
ol Inb]  41540+0037 41477

R 20.767+0.025  20.744
A 0.01714 + 0.00095 0.01640

R, 0.21629 4000066 021565 mm

R, 0.1721+0.0030  0.1722

AP 0.0992+0.0016  0.1037

AX 0.0707 +0.0035  0.0741 E

A, 0.923+0.020 0.935

A, 0670+0027 0668

A(SLD) 0.1513 £ 0.0021 0.1479 F

m,, [GeV]  80.392 +0.029 80.371
Iy [GeV] 2.147 £ 0.060 2.091
m, [GeV] 1714 £ 21 171.7

Physics beyond the SM may get rid of the beast while preserving
SM'’s natural beauty!
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The Machine

The LHC
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Will focus more on CMS in this talk

LHC - B CERN

2L T ATLAS ALICE
\ - Point 1 =z Point 2

/
/
/
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LHC Schedule

« Despite a few annoying problems, the schedule has not changed!

12 23 34 45 56 67 78 81

S
&

Feof H: | = L L

vaed [— =i = = e =

Apr

a - c O
§ _____ Bea o o g 1o =
S| Jul.
General schedule Baseline rev. I Interconnection of the continuous cryostat Flushing
v Global pressu%)test &Consolidation ~ Leak tests of the last sub-sectors I Cool-down
: ¢ Cool-down Inner Triplets repairs & interconnections .~ Warmup

_G J Powering Tests

 Global pressure test &Consolidation

2007

B Powering Tests

Mar.
Apr.
May
Jun.
Jul
Aug.
Sep
Oct.
Nov.
Dec
Jan
Feb
Mar.
Apr
May
Jun.
Jul

U
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- Cooldown Status

http /[Ihc.web.cern.ch/lhc
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ldown Schedule

General Coordination Schedule - wk.10

Sector 12 Pt2 Sector 2-3 IRl Sector 3-4 RS Sector 4-5 Sector 5-6 PPl Sector 6-7 WY Sector 7-8 pts Sector
ITIR | LR1 Arcl2 ML2 | IT2L IT2R | MR2 Arc23 Arc34 ML4 MR4 Arc 45 ML5 | IT5L ITSR | MRS Arc 56 ML6 MR6 Arc 67 Arc 78 ML8 | IT8L IT8R | MR8 Arc 81 IT1L
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% “The LHC Operation Stages

« First 14 TeV Collisions: ~Summer/Fall 2008

o Effective ATLAS/CMS running time/year: ~1000 hours ~4 x 10° s ~
4x103¥cm2=4x10%b1l1=4fh!@ 1038 cm=2st

» Expected luminosity:&10-100 pb-Din 2008; a few fb1 in 2009

2008 -_-m-ln_-l.“.ln_-_“-l-

Hardw 43 bunch
commissi |ssmmng - 75ns ops 25ns Shutdown
TTeV operation

—— —

o beam

L ~1-5x 1032 cm=s

L ~ 1-? x 1033cm—2s!
Shutdown Shutdow
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You were right:

There's a needle in this haystack...
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CMS Explained

SUPERCONDUCTING CALORIMETERS

COIL ECAL HCAL
. Scintilfating o
PHWCA crystals Plastic scintillaUdERS
sandwich

' - | -
f: ,f_-":e;_ . “:__’
s’ ﬁ L _

S —
7 = "

2N YOKE

TRACKEE:

Silicon MicroSigles
Pixels

Total weight - 12,500 t
Overall diameater - 15 m
Ovarall l2ngth - 21.6 m ORI,
Magnatic fisld : 4 Tesla JUON 2Rl

Drift Tube Resistive Plate Cathode Strip Chambers
Chambers Chambers Resistive Plate Chambers
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stector Concept

. Nearly 4w, hermetic, redundant, Russian-doll design
| | | |

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

G
e
e

Silicon
Tracker

\ Electromagnetic
}:l ] l Calorimeter

Hadran Superconducting
Calorimeter Solencid

Iran return yoke intersparsed

Transverse slice with Muon chambers

through CMS
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First Physics Roadmap

= Prior to beam: early detector commissioning
o Readout & trigger tests, runs with all detectors (cosmics, test beams)

= Early beam, up to 10pb-':
o Detector synchronization, alignment with beam-halo events, minimum-
bias events. Earliest in-situ alignment and calibration

o Commission trigger, start “physics commissioning”:
« Physics objects; measure jet and lepton rates; observe W, Z, top
« And, first look at possible extraordinary signatures...

= Physics collisions, 100pb-1: measure Standard Model, start search
o 106W —1lv (I=e,n); 2x10° Z—ll (I =e, n); 104 tthar—p+X

« Improved understanding of physics objects; jet energy scale from W — j j’; extensive use
(and understanding) of b-tagging

« Measure/understand backgrounds to SUSY and Higgs searches
o Initial MSSM (and some SM) Higgs sensitivity
o Early look for excesses from SUSY& Z'/jj resonances. SUSY hints (?)

* Physics collisions, 1000pb-': entering Higgs discovery era
e Also: explore large part of SUSY and resonances at ~ few TeV

LHC 2008 Workshop @ UCSB Greg Landsberg, Searches for New Physics with Early LHC Data 20 E
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« Fake MEt appears naturally in multijet > 40
events, which have enormous rate at 810‘

£~ Why ME; Is Tough?

EFFECT OF THE CLEAN UP CUTS ON THE MET DISTRIBUTION

CDF Run I Preliminary,

-1
254 pb [ | Before basic cuts

the LHC : @ °=-n
« Jets tend to fluctuate wildly: 10’
— Large shower fluctuation 10°
— Fluctuations in the e/h energy ratio 10
— Non-linear calorimeter response oL TR NS n . Lo
— Non-compensation (i.e., e/h = 1) E, [GeV]
* Instrumental effects: :5;105 U terertn
— Dead or “hot” calorimeter cells o —| oo
— Cosmic ray bremsstrahlung L
— Poorly instrumented area of the 10

detector

« Consequently, it will be a challengeto ™
use in early LHC running

* Nevertheless, MET is one of the most
prominent signatures for new physics
and thus must be pursued

LHC 2008 Workshop @ UCSB
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Missing ET

e
0 50 100 150 200 250

and that after thorough clean-up
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400

« Raw ME; spectrum at the Tevatron
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% "MEr Reconstruction and Performance

e Missing Er is based on the calorimeter information and
defined as a 2D-vector sum of transverse energy
deposits in the calorimeter cells:

-E-.T - Z(En sin 0,, cos ¢ni + E,, sin 6, sin qﬁ'n.i) = _Eﬂi - Eyj

e |n case ot muons In the event, It receives an additional

deposit

CO rre Cti O n : towers muons towers
Bre- > Bio Y te Y B
i=1 i1=1

 ME-T resolution in QCD events depends on total energy
deposit in the calorimeter and is often parameterized as
a function of scalar Et sum over the calorimeter cells, or

St
o(£r) =@+ZET D alc)sEr _@

Noise Stochastic Offset
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~ o Parameters:

= A=1.48 GeV

= B=1.03 GeV12

= C =0.023 (dominates at large St)
= D=82GeV

= Apart from the resolution an
Important characteristic is the
non-Gaussian tails

= Very hard to simulate; will have
to wait for real data to see how
large the effect is

= Afew special cases have been

looked at already, e.g. the
effect of hot/dead channels

—_ 60 T L L L L T T 71
% - CMS Preliminary
(5 L
~ 50 — ) _
— - |[CMS !
2
E - L
L 40 — —
~—" -
©
o %2 I ndf 13.06/7 |
A 1.484 = 0.2922
L B 1.033 + 0.0305 4
10 N C 0.02324 = 0.001859 | ]
D 81.91= 3.656
O C 11 1 | 11 1 | 1 1 | 1 11 I 1 1 1 I 1 11 I 11

0 200 400 600 800

—&— o deadhot channels

o T

T 1%/3%/5%4 o
“F hot/dead | ~-ewcomne

QCD Sample

Number of Events/10. GeV

QCD Sample

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

.- C h an n e IS 5% of ECAHC dead/ot (mixed)

v ol vl 1

o 1o 1o

il

yunl

ET'** [GeV]
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MET Corrections and Clean-

To improve the resolution 7%=
and remove possible bias =

for events with true MET, «

CMS Preliminary

ol E,

,,,,,

V<E, > (_
O

—— UnCorrected
-------- MCJet+EMF Corr.
—= MCJet Corr.

CMS Preliminary

we correct MEt for i
— Jet energy scale "zo'"'160'"'260‘"ééd";édu;ﬂ's;;g;\é;:o
— Hadronic tau’s .
e Muon S :mK simulation for CMS
. . ems. | EVF
 The non-Gaussian talls are | oot
reduced by jet quality cuts, L0 S s
e.g. pr/Er or EMF ,
+ Philosophy: make MEr Gs.
look as good as possible
f:::: Full tibar simulation
’ "i'é oz"'o'4"'o'6"'o's-"1\.ﬁ"
’ Event EM Fraction EV. EME

LHC 2008 Workshop @ UCSB
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. e+e colliders: low total cross section,
low rates

Trigger pretty much on everything,
perhaps with the exception of very
forward processes (low-angle
Bhabha)

« Hadron colliders: enormous cross
section, unattainable rates

Trigger is very selective

Only small fraction of collisions is
written to tape

Additional complications due to pile-
up

e LHC:

Ot = 110 mb, o, ~ 70 mb

L =10%* cm=2st =10 nblsl

25 ns bunch crossing

Total rate: ~10° s or ~20/crossing

e Tevatron:

LHC 2008 Workshop @ UCSB

1.5 smaller cross section; 50 times
lower luminosity; 16 times longer
crossing time: ~4/crossing

o and R in ete

riggering at Hadron Colliders

c~ Collisions

10

10

AL

)

107 Bt

'
«

S
[,
O mh

-
A=

-
A=
N

&

T T T
T

Wy Yi2S)

i

lll

-
S

120 T T

1o

100

PO r

80

a, in mb.

70

60

50

40 .

PP data
phar=p data

LHC: o, = 107.3 £ 1.2 mb

pbar p, bog “(vim), o,

—
from F.E.S.R.

¢

[Block, Halzen, hep-ph/0510238i

a0 Lo

aj

100

1000

JS, in GeV
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¥ More Trigger Challenges

Fermilab SSC
CERN ‘ LHC
v

L HC Physics Demands
T T 7 R —EWSB in SM (nggS, W, Z)

= O\ E710 =107 «Lepton/photons E; ~ 50 GeV

UA4/5

. *High rate (10 Hz of top events and
200 Hz of W(lv) events!)

—TeV scale supersymmetry, UED

*Multiple leptons, jets and LSPs
(missing E;), E; <100 GeV

*QCD Background
—Jet E; ~ 250 GeV, rate ~ 1 kHz

—Jet fluctuations = electron BG

—Decays of p, K, B = muon BG
*Technical challenges

—40 MHz input = fast processing

—100 Hz output = physics selection

—10° events per year = <102 Higgs
events

0001 001 01 10 10 100 Benchmark: 0 =100 pb — 1 Hz

Vs Tev

1ub

10 em™ sec™!

=
[}
8
o
.~
a
'
c
o
o
~
=
©

1nb |-

Events / sec for £
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T gger Architecture

Must reduce 2.5-40 MHz of input interactions to 50-100 Hz

— Do it in steps/successive approximations: “Trigger Levels”

N

Detectors

Front end pipelines

Readout buffers

Switching network

Processor farms

“Traditional”: 3 physical levels, ATLAS

<

Detectors

Front end pipelines
x400 rejection

Readout buffers

Switching network

Processor farms

x1000 rejection

CMS: 2 physical levels

LHC 2008 Workshop @ UCSB
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Much of the CMS startup trigger
development took place during
the 2007 “HLT Exercise”:

— CMS AN/2007-009

— GERN/LHCC 2007-021

The primary goal was to fit the
time budget, so many triggers
are not yet optimized for
efficiency

Subsequent optimization is
ongoing

Combination of robust single-
object triggers and more efficient
multiobject ones

Backup triggers for crucial
physics processes

Global variable triggers (Hr, ST,
MEr, etc.)

4 The 2007 “HLT Exercise”

( Available on the CMS information server CMS AN 2007/009

\_

CMS Analysis Note

The content of this note is intended for CMS internal use and distribution only

October 29, 2007

CMS High Level Trigger

D. Acosta®, N. E. Adam®, J. Alcaraz Maestre'7, N. Amapanels, L. Apanasevich31, A.
Aurisano®, A. Avetisyan?, S. Baffioni®, R. Bainbridge?, S. Bansal’, P. Bargassa®, C.
Battilana'l, R. Bellan'®, U. Berthon®, A. Bocci'®, T. Bose?, V. Brigljevic?, J. Brooke?, M.
Chen®, L. Christofek?®, B. Dahmes??, S. Dasu®’, E. Delmeire!8, A. Everett®*, M. Felcini®, T.
M. Frueboes!®, D. Futyanzs, S. Gennai'4, V. Ghete!, A. Ghezzi’?, D. Giordano®, S. Goy
Lopez!, S. Greder®, M. W. Griinewald’, L. Gray®’, M. F. Hansen?, G. Heath?, M.
Huhtinen!?, A. Kalinowksi'®, M. Konecki'®, D. Kotlinski?’, V. Krutelyov?®, G. Landsberg?,
D. Lange®, S. Lehti®, G. D. Lentdecker?, J. Leonard®, C. Leonidopoulos'?, C. Liu 3, B.
Mangano?, K. Mazumdar®, I. Mikulec!, M. U. Mozer®, M. Narain?, N. Neumeister>*, C.N.
Nguyen36, D. Nguyen25, A. Nikitenko?, P. Paganini6, E. Perez!?, K. Petridis®, M. Pieri?’,
AN. Safonov®, S. Sarkar!3, W. Smith%, T. Speerzz, P Sphicaslg, W. Sun®, A. Tapperzs, LR.
Tomalin?, J.F. de Trocéniz'®, P. Triib?!, A. Tumanov®®, M. Vander Donckt!?, S. Vanini'?, M.
Vazquez Acostal®, M. Weinberger36, ]. S. Werner®, L. Wilke?2, M. WinghamZS, G.

Wrochnal®, and P. Zotto!2

! Institut fiir Hochenergiephysik der OeAW, Wien, AUSTRIA
2 Université Libre de Bruxelles, Bruxelles, BELGIUM
3 Vrrije Universiteit Brussel, Brussel, BELGIUM
4 Institute Rudjer Boskovic, Zagreb, CROATIA
5 Helsinki Institute of Physics, Helsinki, INLAND
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" Universita di Bologna e Sezione dell’ INFN, Bologna, ITALY
2 Universita di Padova e Sezione dell’ INFN, Padova, ITALY
13 Universita di Pisa, Scuola Normale Superiore e Sezione dell” INFN, Pisa, ITALY
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15 Universita di Torino e Sezione dell’ INFN, Torino, ITALY
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¥ Typical Trigger Rates

-+ These rate plots give a good idea where one can expect
L1 and HLT thresholds for single and multiple-object
triggers

— Caveat: all the rates are known only within a factor of ~3

— Nevertheless, for low startup luminosity most of processes can be
triggered on with either single-object or robust multijet triggers

Single-object triggers Multijet triggers

L1 Bandwidth __ %::% L1 Bandwidih
2
e £l o
'__ HLT gsmag;dwidth ) 15 % HL}%BQuaamu:Jawidth
- 10" T ———
E AR -‘-DDD%Q - Dﬁ%mo%% OOOO%EDDW
2 - *‘ '-_I_ e - 102 E ‘ wow% Wﬁ’???%
o i - \ | LILLLL [
B T wef T TR
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

ET GeV jet ET, GeV
L = 1032 cm—=s
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{ "Example: Jets/ME: Triggers

“« Well-designed suite of Jet/ME triggers
« Challenge to keep it at higher luminosities
 MET trigger may be very unstable at turn-on

 MHrT trigger is being implemented as a more robust
alternative

L1 Triggers

HLT Triggers

Name L1 thrshPrscl KHz Name L1 Trigger HLT thrsh Hz
A_SingleJet30 30 1000 | 0.00 £ 0.00 Single-Jet ASingleJet150 200 93 +0.1
A_SingledJet70 70 100 0.02 £ 0.01 Double-Jet A_SingleJet150 150 10.6 + 0.0
A_SingleJet100 100 10 [ 0.04 £0.02 . A DoubleJet70
A SingleJet150 150 1] 0.07 £0.01 ’glplg'}e: ’if 28 Zg i 8}

q 02 + 0.01 uad-je o o
AS 1ngle;:§2 00 2(5)8 1 (2) 26 = 8 86 Er A_ETMA40 65 49+0.7

L L . . A Singledet150

A_HTT400 400 1] 0.08£0.01 || Acopl Single-Jet + £ A_ETM30 (100, 60) 1.6 £0.0
A_HTT500 500 1] 0.02+0.00 Single-Jet + 1 A_ETM30 (180, 60) 22£01
A_ETM20 20 10000 | 0.00 + 0.00 Double-Jet + £t A_ETM30 (125, 60) 1.0 £ 0.0
A_ETM30 30 11 5.69 + 0.09 Triple-Jet + Et A_ETM30 (60, 60) 0.6 £ 0.0
A ETM40 40 11 040 + 0.02 Quad-Jet + £t A_ETM30 (35, 60) 12 £0.1
i — AT ST S P ralesertor | B | seeum

A FETM 1 0.01 & 0.00 ingle Jet 'rescale A_Singledet 5 :
°0 a9 Single Jet Prescale 100 A_SingleJet70 110 1.5+ 0.0
ADoubleJet70 70 1| 058003 | "gingle Jet Prescale 10* A Singledet30 60 08+ 04
A_DoubleJet100 100 1| 011001 | "VBFDoubleJet + Er A_ETM30 (40, 60) 02£0.0
A TripleJet50 50 1] 022+0.02 SUSY 2-jet+Fr A_ETM30 (80,20,60) 20+01
A_QuadJet30 30 1| 0.58+0.03 | | Acopl. Double-Jet + F1 A _ETM30 (60, 60) 1.0 £ 0.0
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Jets + MEt

IN

SUSY

Example 1




g
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5. Abdullin

—-i;+b

t u,
|_. W 4+ b Cletd E_=113GeV)
Le s (jetS, E_=79GeV) 4
{ jet3, E_ =536 GeV)

=S e -+
xL£+Z o i

Greg Landsberg, Searches for New Physics with Early LHC Data

- Strong Production, Complicated Events

— 78 + u (et E =119 GeV)

+h
b ¢ jetl, E_=206 GeV)
b ¢ Jet2, E_=2320 GeV)

miss

T

E =380 GeV

S, Abdullin, A. Nicttenio.
o e . T .. -
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as
SUV[75 %, m———

%= Possibility for an Early Discovery

~ « Even with a handful of statistics the reach will be
expanded dramatically compared to the Tevatron

limits
;600:
Q
9500
@ E d
4000
© (LRl Bl S
= :':‘> 2l no mSUGRARY
¢ 300 © solution §
— i )
g - DO B \\\\\\\
o 200 DO, L=2.1fb" |
7)) i tanp=3, A0=0, u<0 S
100F N
LEP
N

% 100 200 300 400 500 600
Gluino Mass (GeV)

m,,, (GeV)

1200

cMS, |

1000—

10 b’

800[—

D
[—1
o
I | I

400—

tan[3=10,A0=0,u>0

jets = 3 + ET'*>600 GeV
with systematics

E m =114 GeY'
200
[ m, =103 GeV

||||||||||||P0|E‘|NS|B||

R B
00 200 400

600 800 1000 1200 1400
m, (GeV)
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as
SUV[75 %, m———

%= Possibility for an Early Discovery

~ « Even with a handful of statistics the reach will be
expanded dramatically compared to the Tevatron

limits
;600:
Q
9500
@ E d
4000
© (LRl Bl S
= : SN | no mSUGRARY
¢ 300 © solution §
— i )
g - DO B \\\\\\\
o 200 DO, L=2.1fb" |
7)) i tanp=3, A0=0, u<0 S
100F N
LEP
N

% 100 200 300 400 500 600
Gluino Mass (GeV)

LHC 2008 Workshop @ UCSB

m,,, (GeV)

1200

cMS, |

1000—

10 b’

800[—

tan[3=10,A0=0,u>0

jets = 3 + ET'*>600 GeV
with systematics

IllllllllrlolElwslBll

ZUW 40V

100 200 300 400 500 60

OUd

800 1000 1200 1400
m, (GeV)
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47 SUSY Event Selection
e Focus on low-mass SUSY points

o Jets and MET always present; no
hit for leptonic branching fraction

I

max (g, q) high Pt jet

é Jet

MSUGRA, tanf =10, A; =0, u >0

200 400 600 800 1000 1200 1400 1600 1800 2000

CMS

0
2
1400 | - ]
R
b
Gl
1200 &
‘7
1000
s
[
g K HM1
~ 800 XHM2
E
600

&
\‘W

&

@
g

XK HM3

Br( 12-h"9) > 0.5

|
i, . 922 GeY
iln

m, =120 GeV

X HM4

ot 3

Br{ quz"-,,g) >05

9

\\\\Q\

m, =114 GeV
*LM9

1400

1200

1000

800

600

¥ Lm0
400

*2 20&"7

NO EWSB

~ + ~ 0 200 400 600 800 1000 1200 1400 1600 1800 200%
XX . —
'{ Jet [ Point mo | myn | tan 3 | sgnfp) Ag
~) \ LM1 \ 60 | 250 10 + 0
yh — LM2 [\ 185 | 350 | 35 r 0
( missing) lepton M3 (50 [ 20 [ 0 [+ [0
LM4 210 285 10 + 0
MEr > 200 GeV LM5 || 230 | 360 | 10 | + 0
N; = 3,n]| < 1.7 signal signature LMé6 [ 85 | 400 10 1 0
SOmin (B — jet) > 0.3 rad, R1,R2 > 0.5rad, LMZ | 3000 | 230 10 + 0
Sp(EPiss — j(2)) > 20° QCD rejection LMS8 | 500 | 300 10 h -300
Tsoad Tk — ) ILV (1) W/Z/ 1t rejection LM9 | 1450 ] 175 | 50 + 0
Fem(i(1y)s fem(i(2)) < 0.9 ILV (II), W/Z /tf rejection LM10 30_00 500 10 + 0
- : _ : — — FIMT | 180 | 850 | 10 ? 0
Er j1) > 180 GeV,ET j(2) > 110 GeV signal/background optimisation v T 350 1800 oE T 5
Hr = Ep@) + Ersy + Eru) + EF**° > 500GeV  signal/background optimisation HM; "l)() ;l)() A‘lk) T 5
SUSY LMI signal efficiency 13% FIVia 11350 1 600 0 z 0
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SY Event

@ A SUSY candidate event :
@ Leading jets ET = 330, 140, 60 GeV
@ MET = 360 GeV

Greg Landsberg, Searches for New Physics with Early LHC Data 37
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= QCD Background Rejection

. The dominant background is QCD muiltijet production with fake

« Can be effectively reduced by requiring the minimum angular
separation between the MET vector and the direction of jet 1
(leading) or jet 2 (subleading)

e Use extrapolation from low MET region to estimate residual
background (a la DY)

P

<" |(rad)

jee2
.
o

N
TTTTTI X T

(3

S
S
)

—
T7T TI11717 TI1171

o
o

o
T

T [

g =
n.'? ;-._/
§25

s, /|
|

*-90% efficient - % 15% efficient

e b oooao s gy 100 SOy ' o’_.xx.lx..xlx l 11.1

il PR Sty 11
0.5 1 15 2 25 0 0.5 1 28 3

g o,,gmd) 5 (I) 4" | (rad)
1
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. Use Z(ee) and Z(w) + |ets for normalization;
acceptance corrections via MC

* Necessary since the signal and background shapes

are similar

Z-candle normallzation, E'r“‘“>200 GeV

CMS E?""’ + multuets 1fb’

LHC 2008 Workshop @ UCSB Greg Landsberg, Searches for New Physics with Early LHC Data

e — mSUGRA LM1
zgn N Zinv+tt
— Zinv+ti+EWK
s oy et
CMS /|
3
% :
: ; --------- —ﬁ ’ ' l ' ' I
3 4 5 6 7 8 9 10
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A2k . c—
%o [HE—

+ tt Background

~ » Estimating tt background =
from data Is a high-priority ©
task o

0| ATLAS

ttbar sideband _

.|

.

~/ ttbar signal

0. 100
reasonably uncorrelated  © . 1
Wlth the MET ot; BT T T T T T
Missing E; (GeV
e Top mass can be used as : i eV

_| Il SUSY selection (top)
B SUSY selection (total)

ATLAS

T 7

such a variable (ATLAS
method)

e Use upper tt-mass sideband
and normalize in the low
MET region

N
(=]
w

“TTImT T

3

TTTI710 T T 111710 T TTIT: 1

T1+SU3

—_
o

No. Events (/0.5 1b"'/20 GeV)

-

a

600 1000

gE, ioéeV)
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o Significant reach with as low as ~100 pb-!

1200
L CMS tanf=10,A =0,u>0 [GMs |
Lot jots = 3 + EM*>600 GeV *
1000_— with systematics
L 10 fb™
aoo_— =120GeV
g .
~ 600—
éq. -
400—
- m =114 GeV PP S
200|— K _
0_ 1 1 1 I 1 1 1 l L 1 1 l 1 1 1 l L | Il l L | 1 POI EIWSIB I 1
0 200 400 600 800 1000 1200 1400

LHC 2008 Workshop @ UCSB

m, (GeV)
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+FReach

E. Significant reach with as low as ~100 pb-1

1200
L CMS tanp = 10, A0=07M>0 CMS |
1000 C with systematics
L 10 tb”
800__ =120 GeV -
<5.5“ L y
~ 600F—
o [
é' L
400__
[ m =114 GeV’
: —_— \\\T\
o_llllllll"llllllllnllllquElv’SlBII
0 200 400 600 800 1000 1200 1400
m, (GeV)
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Other SUSY Channels

Clearly, a number of channels will be investigated in parallel, including
lepton+jets, like- and opposite-sign dileptons, channels with tau’s, and
MSSM Higgs searches

« Sensitivity in all these channels is being reevaluated using most
realistic simulation available

* Previous studies suggest that the best reach is achieved in inclusive
channels 1000

E LSP tanli o 10, AO B 0, > 0 CMS
900 £ with systematics
700 —
- jet+MET
600 :— ll+iet+MET
g = . SS2u
< 500 — 0s 21
o~ =
o = 2t
-] 400 — Higgs
— Zo
300 :— top
200 :—
100 —
= NO EWSB
0 C1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 1 l L1 1 l L1 1 I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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"Particles, particles, particles."




Example 2;
Extra Dimens

I



ADD Paradigm:

* Pro: “Eliminates” the
hierarchy problem by
stating that physics
ends at a TeV scale

e Only gravity lives in
the “bulk” space

» Size of ED’s (n=2-7)
between ~100 um
and ~1 fm

» Black holes at the
LHC and in the UHE
cosmic rays

e Con: Doesn’t explain
why ED are so large

LHC 2008 Workshop @ UCSB

f’f%ra Dimensions: a Brief Recap

TeV-1 Scenatrio: RS Model:

e Pro: Lowers GUT * Pro: Arigorous solution
scale by changing the | to the hierarchy
running of couplings problem via localization

of gravity

* Only gauge bosons

(gly/W/Z) “live” in ED’s | * Gravitons (and possibly
other particles)

* Size of ED's ~1 TeV* | propagate in a single

or ~10"¥m-i.e, ED, with special metric
natural EWSB size . Black holes at the LHC
e Con: Gravity Is not in and in UHE cosmic rays
the picture e Con: Somewhat
disfavored by precision
EW fits

A : : New : Usual
i IGUT 1GUT
Hypercharge Scale : Scale
Force H : \
Weak Force L S —
: : et na —E —_—eeep

Inverse
Strength

Strong Forceé (\CX‘ 6\“ q)
P 5 N e o
P N ‘o‘a(\ \e)
1TeV 20 TeV 10'°GEV
Energy
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% ED: Kaluza-Klein Spectrum

= ADD Paradigm: TeV-1 Scenatrio: RS Model:
« Winding modes with » Winding modes with « “Particle in a box” with
energy spacing ~1/r, i.e. nearly equal energy special AdS metric
ey I L spacing ~1/r, 1.e. ~ 1  Energy eigenvalues are

* Experimentally can’t TeV given by the zeroes of

:ﬁsolve these modes — | . can excite individual Bessel function J,
€y appear as modes at colliders or

Contlr:IUOL.JS spectrumd | ook for indirect effects
« Coupling: Gy per mode; | Coupling: ~g,, per mode

compensated by large
M, = \/ME + 2/

e Light modes might be
accessible at colliders

« Coupling: G for the zero
mode; 1/A 2 for the others

number of modes

E
EA T ~MP|
5 En
1 TeV M ||

Mi

M, =

M, My = 0: Mi:Mlﬁz

! | - M, 1.83M;, 2.66M1, 3.48M;, ...
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|

« Kaluza-Klein gravitons couple to
the energy-momentum tensor, and
therefore contribute to most of the
SM processes

« For Feynman rules for G, see:

— Han, Lykken, Zhang [PRD 59,
105006 (1999)]

— Giudice, Rattazzi, Wells [NP
B544, 3 (1999)]

« Graviton emission: direct
sensitivity to the fundamental
Planck scale My

 Virtual effects: sensitive to the
ultraviolet cutoff Mg, expected to

be ~My (and likely < Mp)

 The two processes are
complementary

4 Collider Signatures for Large ED

Real Graviton Emission
Monojets at hadron colliders

LHC 2008 Workshop @ UCSB Greg Landsberg, Searches for New Physics with Early LHC Data 47
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4 =Collider Signatures for Large ED

Kaluza-Klein gravitons couple to
the energy-momentum tensor, and
therefore contribute to most of the
SM processes

« For Feynman rules for G, see:

— Han, Lykken, Zhang [PRD 59,
105006 (1999)]

— Giudice, Rattazzi, Wells [NP
B544, 3 (1999)]

« Graviton emission: direct
sensitivity to the fundamental
Planck scale My

 Virtual effects: sensitive to the
ultraviolet cutoff Mg, expected to

be ~My (and likely < Mp)

 The two processes are
complementary

Real Graviton Emission
Monojets at hadron colliders

Single VB at hadron or e*e" colliders

V
GKK >\»§V >§\/
Gy
Gk Gy
\Y
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LHC 2008 Workshop @ UCSB

4 Collider Signatures for Large ED

Kaluza-Klein gravitons couple to

the energy-momentum tensor, and
therefore contribute to most of the

SM processes
For Feynman rules for G, see:

— Han, Lykken, Zhang [PRD 59,
105006 (1999)]

— Giudice, Rattazzi, Wells [NP
B544, 3 (1999)]

Graviton emission: direct
sensitivity to the fundamental
Planck scale My

Virtual effects: sensitive to the
ultraviolet cutoff Mg, expected to

be ~My (and likely < Mp)

The two processes are
complementary

Real Graviton Emission
Monojets at hadron colliders

Single VB at hadron or e*e" colliders

V
GKK >\»§V >§\/
Gy
Gk Gy
\Y

Virtual Graviton Effects
Fermion or VB pairs at hadron or e*e” colliders

f f V
GKK GKK
f f \

S
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Kaluza-Klein graviton

§
o
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_ooking for ED at Colliders

Megaverse

[© 2000, Ferminews]

Greg Landsberg, Searches for New Physics with Early LHC Data
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4 Looking for ED at Colliders

Megaverse

§ “ Kaluza-Klein graviton
-~
P — "‘;

§
L

[© 2000, Ferminews]
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Looking for ED at Colliders

Megaverse

a.antiproton

Space

[© 2000, Ferminews]
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4+~ Monojets: Tainted History

{ EXPERIMENTAL OBSERVATION OF EVENTS WITH LARGE MISSING TRANSVERSE ENERGY
ACCOMPANIED BY A JET OR A PHOTON(S) IN pf)- COLLISIONS

AT /s = 540 GeV
[PL, 139B, 115 (1984)]

UAl Collaboration, CERN, Geneva, Switzerland

Abstract

We report the observation of five events in which a missing transverse
energy larger than 40 GeV is associated with a narrow hadronic jet and of two
similar events with a neutral electromagnetic cluster (either one or more
closely spaced photons). We cannot find an explanation for such events in

terms of backgrounds or within the expectations of the Standard Model.
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4+~ Monojets: Tainted History

{ EXPERIMENTAL OBSERVATION OF EVENTS WITH LARGE MISSING TRANSVERSE ENERGY
ACCOMPANIED BY A JET OR A PHOTON(S) IN pf)- COLLISIONS

AT /s = 540 GeV
[PL, 139B, 115 (1984)]

UAl Collaboration, CERN, Geneva, Switzerland

Abstract
We report the observation of five events in which a missing transverse
energy larger than 40 GeV 1s assoclated with a narrow hadronic jet and of two

similar events with a neutral electromagnetic cluster (either one or more
closely spaced photons). We cannot find an explanation for such events in

terms of backgrounds or within the expectations of the Standard Model.
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%7 Monojets: Tainted History

* |EXPERIMENTAL OBSERVATION OF EVENTS WITH LARGE MISSING TRANSVERSE ENERGY
ACCOMPANIED BY A JET OR A PHOTON(S) IN pp COLLISIONS

AT /s = 540 GeV
[PL, 139B, 115 (1984)]

UAl Collaboration, CERN, Geneva, Switzerland

VOLUME 54, NUMBER 6 PHYSICAL REVIEW LETTERS 11 FEBRUARY 1985

Monojets from Z Decay without Extra Neutrinos or Higgs Particles

Stephen F. King
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138
(Received 26 November 1984)

!

The recent discovery of monojets by Arnison et al.
at the CERN pp collider has caused ripples of excite-
ment throughout the particle physics world since they
cannot be explained by the minimal standard model.’
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4%~ Monojets: Tainted History

AEy (GeV) L —
10 20 30 L0 50 60 70 ==
T T T T T T T ——_—
Background from UA1
jet fluctuations . .
Single jets Gary Taubes
20 —
Cos Ap>-038

Events / 100 GeV?

FED C B A oceil T OIE :
oL L -0 M A | n . o Power, Deceit and the Ultimate Experiment
0 1000 2000 3000 4000 5000
( AEH )2 ( GeV2 ) .. ome of those rare science books that tell about science

in the course of telling ubout the Inanan consedy.”
Los Angeles Times

*These monojets turned out to be due to
unaccounted background

*The signature was deemed doomed and
nearly forgotten

oIt took many years for successful monojet
analyses at a hadron collider to be
completed (CDF/DQ)
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47 Expectations at the LHC

Monojets are tough; what
about monophotons?

—CMS simulations only done for
30 fb! so far, but the luminosity

dependence is weak (~L14)

»n 80rC i i
8 F i i |
S 70F—-% o CMS 1
£ 30 fb? f |
o F '\\
=
50 :
= \\ L=3¢ b’
40F
- \ =2D
30F
20F
10F
of
- 11.511 lellzcsllll:llll3'51ll4 ll4.51 5lll
M, [TeV]
5 | Mper (TeV) | Mpes (TeV) || Mpyin
LL,30fb—1 | HL, 100 fb—1! (TeV)
2 7.7 9.1 ~ 4
3 6.2 7.0 ~ 4.5
4 5.2 6.0 ~ 5

LHC 2008 Workshop @ UCSB

 Virtual graviton exchange offers
clean signature, with a huge
potential of a quick discovery Iin
dimuon, dielectron, and diphoton
channels:

— Factor of ~3 gain over the Tevatron/
Cosmic Ray limits in just 100 pb-t

— Will also probe compositeness
models with similar increase in
sensitivity compared to the existing
limits

105 S— e T ———
100 _+ Dimuon channel
g5  ADD Discovery Limit 5 ]
anl i 100 fb™
9.0

8.5
8.0
75
70
6.5
6.0 -

I

l\/lS reach, TeV

0.1 1 10 100 1000
5 3 1
Integrated Luminosity, fb
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Example 3: Kaluza-Kleln
Resonances/Z’

Found in RS, TeV-1 models and
In various Z' models




do/dM (pb/GeV)

LHC 2008 Workshop @ UCSB

* Need only two parameters to

define the model;: k and r

* Equivalent set of parameters:
—The mass of the first KK mode, M,

—Dimensionless coupling %/Me1,

which determines the graviton width

\‘\

I A e e B I I
Drell-Yan at the LHC —

1074
1078
10—8 — \Jk —
Ml
- ()
10—10II|I|II|IIII|IIII|I|II|II\\J
1000 2000 3000 4000 5000 600!
My (GeV)

%7 Randall-Sundrum Model Observables

 To avoid fine-tuning and non-

perturbative regime, coupling
can’t be too large or too small
0.01 <k/Mp<0.10 is the
expected range

 Gravitons are narrow
 Similar observables for Z,, /g In

k/ I‘XPI

TeV1 models

0.20 T T T T T T T T T T T T T T T T
- [ | | ,
L Tevatron
- [Rs|<MZ ,

0.10

0.07 Allowed Region

0.05

T l IIllIllllllllllllllllllllllul

0.03

0.02f

| 1 1 1 1 | L 1 1 | 1 1 1

1 l llI1Illllllllllllll|l||l|l||l|

lIlll

lllll

0.01*" !
3000

m, (GeV)

1000 2000

Davoudiasl, Hewett, Rizzo [PRD 63, 075004 (2001)]
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Dielectrons: Discovery Channel

E. Excellent resolution 5-10%/sqrt(E, GeV) (calorimeter based)
and detection efficiency

 Low background above ~1 TeV

KK Z G ec=001G,e=0.1 SSM Z' CMS. 30 fb-L
M | 40 6.0 1.5 3.5 1.0 5.0 ’
M, | 3.5-45 | 5.0-6.7 | 1.47-1.52 3.30-3.65 | 0.92-1.07 | 4.18-5.81
N, | 506 | 105 18.8 7.30 72020 0.58
N, | 013 | 0.005 116 0.121 85.5 0.025
S 22.5 3.0 6.39 6.83 225 1.63

Z« production

g 20__- T T T B «g “:_""l""l"" II_ %‘: 3:----|----|----|-"-|"-'|""
> r i - ] -
o N 512_ 3 e SF

L 4 - N ] -3 o
g L @ 3 ¥ ®) £ (©)
- i C ] C
=z [ ] 8l - -

10 - - ; 3—_

i ] 6L - C

C - ; 2

s ] 4 3 .

- ) 2 | E ki

0- PR S TR N T 1 lll- P P .l....:

3000 2000 5000 5 2 25 3 Es % Ey 03 135 14 145 15 155 16
M (@V‘I(CZ) M (TeV/ M (Tevic
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s ot

+F“’Dﬁimuons: Confirmation Channel?

» Generally worse rapidity coverage, detection efficiency

LA |

g o h
K<) - x g éw_
2 n GroveennQe- g0z 8005
0.98 * —
- [z i
N . . ]
0.96— ST 1T ~
- [
0.94F ¥ |
n CMS/! p!
0.92f U N
Tr —&-- HLT ]
- [— — Ofﬂln? —
0.9 | 1 1 1 1

10° 10°

Di-muon invariant mass, GeV/c?

« Significantly worse momentum resolution than for electrons
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* Nevertheless: generally lower instrumental background may make

1y mass (GeV)

Di-muon invariant mass, GeV/c?

dimuons a discovery channel along with dielectrons
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* If jet energy scale is fixed with early
data, dijets channel is also sensitive
to KK modes

— CMS 0.1-10 fb'1 simulations

— Caveat: PDF uncertainties are large:
poor reach in ADD

Resonance Model 95% CL Excluded Mass (TeV/c?) | 5 Discovered Mass ( TeV/c?)
100 pb_' 1fp~! 10fb7" IOOpb_l 1" [ 108"
Excited Quark 07-3.6 |07-46| 07-54 | 07-25 [07-34]07-44
Axigluon or Colouron | 0.7-3.5 | 07-45| 07-53 | 07-22 |07-33]07-43
Eg diquarks 07-40 [ 07-54] 07-61 | 08-20|08-3708-5.1
Colour Octet Technirho | 0.7-24 [ 07-33| 07-43 | 07-15{07-22(07-31
Randall-Sundrum 07-11 {07-1.1| 07-11
Graviton 13-16| 13-16 N/A N/A | N/A
21-23
W 08-09 [08-09| 08-10 N/A N/A | N/A
13-20| 13-32
Z N/A N/A 21-25 N/A N/A | N/A

%7 What about Dijets/Ditaus?

Dijets at the LHC
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measurement paper was DD Z(tr) 1 i
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 Very interesting reach for MSSM °-10' g SRR 3 A finl Ry
Higgs and other resonances; could e G Visible Mass (GeV)
also be tricky? L
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% Angular Distributions?

e Not in the early running!

“One event — dISCOVGI'y, two events — cross section measurement;

three events — angular distributions”

— Nevertheless observation in the diphoton channel excludes spin 1!

Nevents
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-
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LI I
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.= KK Excitations of the Z Boson
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= KK Reach

Dramatic reach even with ~1 fb1
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and W’ Reach

 Same conclusion applies to Z’ in various models, as well as
W’ seen in u+ME; channel
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Example 4: Leptoquarks and
such

Exotic particles having properties of
both quarks and leptons

l



ey -
il <.

 Once Il channel is understood, adding extra objects

IS easy, even If they are as messy as jets!
e Focus on the lljj channel

— ev]] Is a possiblility, but no existing studies

— vvJ] will take long time

q I DU S o
9 9
X e \
_ (S _ “\ ] 60 215
q LQ ( ————eeccee LQ q LQ g Mg=1Tev ¢ M, =12TeV
* 40 * 10
g 30 bt
""" LQ 9 LQ
g vywy LA Z:gi :;@ (A2 =L = I S il Wi T S
; 'LQ . 0 500 1000 1500 2000 2500 0 SO0 1000 1500 2000 2500
LQ i s m,; (GeV) m,; (GeV)
A T LQ kN
g ... LQ i) g La 2 6 Mgo=13Tev | £ Myg=15TeV
1 i
Miq (TeV) o (fb) Signal  Background  §/\B ¢ :
2 1
1.0 4.96 98.5 2.84 58 | |
12 1.33 220 243 14 0 500 1000 1500 200 2500 0 50 1000 150 2000 _ 250
m,, (GeV) m,, (GeV)
1.3 0.713 12.8 1.44 11
1.5 0.223 3.62 0.376 5.9
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.-_—

= Leptoquarks Reach

* Reach plot available for 300 fb-!
— Scale significance as sqrt(L)
— S/sqgrt(B) of 50 correspond to 5 sigma at 3 fb-!

LHC 2008 Workshop @ UCSB
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FF CanAlso Probe Right-Handed W

Pair produced; typical final state: 2 leptons + 2 jets
 No dedicated CMS analysis yet

 However, other processes can be looked at in the same final
state:

— W, production, with Wy, = 1 + N = | + Ij

— Interesting reach even with ~1 fb-! > AT

: 35OO;,NotaHowed -
L MN_ > MWF // 3
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A Sy .
20008 /' 30fb-? ]
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15002/ | =
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Example 5: Strong
Dynamics

QCD is realized in Nature, why
not another similar force?
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3 S

= Strong Dynamics

New, QCD like force with “pions” at ~ 100 GeV and a number of QCD
meson-like bound state

* No fundamental Higgs particle; global EW symmetry is broken
dynamically, which results in nearly massless Goldstone bosons,
analogous to pions in QCD

— Three degrees of freedom are consumed by the longitudinal W/Z modes; the
rest become physical meson-like particles

— This is the way chiral symmetry is broken in QCD

— To explain observed W/Z masses, need new techniparticles to be ~103 times
heavier than the QCD particles

— The role of Higgs boson in SM is played by a condensate of fermion-
antifermion pair (e.g., new pion), resembling superconductivity

« Several realizations, e.g. technicolor
— Excluded by LEP precision measurements in its simplest form
— Cures: walking technicolor, topcolor assisted TC, extended TC

f; b

ETC Analogous to the Higgs decay
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My, | My, I,y |BR(pr—WZ)| oxBR

p
GeV/e* | GeV/e? | GeV/c* (pb)
220 | 110(a) | 0.93 0.13 0.16
110 (e) | 67T.1 0.014 1.04 % 10~°
500 | 300 (b) | 447 0.21 1.3 x 107
500 (f) | 1.07 0.87 5.4 x 107
110 (g) | 130.2 0.013 1.5 x 107
800 | 300 (h) | 524 0.032 3.6x107*
500 (c) | 7.6 0.22 2.5 %107
3
Q 0 - = 5o Signal Sensitivity
- C ... =5q Sensitivity + Sys. Errors X
[- 2 5°°E - - =90%C.L. Signal Upper Limit (+ Sys) "}
: = s0k
SOOE‘ e ) b e 3 500:
4001~ 400
: B
300, 300
. -
200 C 200
100 ! 100 (Ldt = 4fb™)
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There will be surprises on the
way!




carly Discovery Menu from Chez LHC

1 ~A
A,
. W
0 >
t f 11. .;7’
= N (e

H
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kgl

Early Discovery Menu from Chez LHC

Model Mass reach Luminosity (fb-1) Early Systematic Challenges
Contact Interaction A<28TeV 0.01 Jet Eff., Energy Scale
Z Alignment
ALRM M~1TeV 0.01
SSM M~1TeV 0.02
LRM M~1TeV 0.03
E6, SO(10) M~ 1 TeV 0.03-0.1
Excited Quark M ~0.7 — 3.6 TeV 0.1 Jet Energy Scale
Axigluon or Colouron M ~0.7 — 3.5 TeV 0.1 Jet Energy Scale
E6 diquarks M ~0.7 — 4.0 TeV 0.1 Jet Energy Scale
Technirho M~0.7 - 2.4 TeV 0.1 Jet Energy Scale
ADD Virtual Gy Mp~ 4.3-3TeV, n=3-6 0.1 Alignment
Mp~5-4TeV, n=23-6 1
ADD Direct Gy, Mp~ 1.5-1.0 TeV, n = 3-6 0.1 MET, Jet/photon Scale
SUSY M~15-1.8TeV 1 MET, Jet Energy Scale,
Jet+MET+0 lepton M ~0.5 TeV 0.01 Multl-Jet backgrounds,
Jet+MET+1 lepton M ~0.5 TeV 0.1 backgrounds
Jet+MET+2 leptons M ~0.5 TeV 0.1
mUED M ~0.3 TeV 0.01 ibid
M~ 0.6 TeV 1
TeV1 (Z, @) M,, <5 TeV 1
RS1
dicjets Mg,~0.7-0.8 TeV, c¢=0.1 0.1 Jet Energy Scale
di-muons Mg,~0.8-2.3 TeV, ¢=0.01-0.1 1 Alignment

LHC 2008 Workshop @ UCSB

Greg Landsberg, Searches for New Physics with Early LHC Data
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“LHC Discovery Roadmap
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Ao g
= <7,
=

r & &

_+%éfore One Can Succeed in Searches

Proper detector calibration, alignment, and detailed simulation is required
Taunting task, which easily takes several years

Searches typically look for one event in a million; that means that the
detector often has to be understood to the 10 level!

» Use calibration samples of well understood nature:
— Test beams (initial calibration)
— Cosmic runs (alignment, efficiency)
— Minbias data (channel-by-channel calibration)

— “Standard candles” — Z, W, top (efficiency, non-Gaussian tails in resolution, b-
tagging)
— Z(ee) and y + jets (jet energy calibration and resolution)

— High-p; dijets (saturation, ME; resolution and tails)

» Easily a subject for several dedicated lectures; not covered here in detail:

— See 2006, 2007 Hadron Collider Physics Summer School proceedings for
dedicated talks

* Note: while a few spectacular discoveries may happen as early as 2008,
most would require two-three years of accelerator running and operating
the detectors!

— Gear up for a long(er) ride!
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+

Challenges General

 Broad resonance are possible at high masses; signal
start looking compositeness (or instrumental effect!) like

Reduces the reach; requires different optimization of the
search

Example: bulk Z,, in RS model

10-1 -

1072

103

LHC 2008 Workshop @ UCSB

25,1

E my =4 TeV

|||||||||

| Lat =300 fb°

|||||||||

7 Width @ M,=4 TeV

I' = 800 GeV for point A (0.2 M.,
I = 200 GeV for point B (0.05 M)
I' = 170 GeV for point C (0.04 M,,.)

. Lessthan10
. signal events

~ PointB
- 100 bt

I U
00020003060~ —2000" 2000 eooo 7000 8000
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FE ‘Example form ATLAS

 Electron efficiency drops fast with mass when
“standard” isolation cut Is used

— Loosely confirmed by full simulation

* New set of isolation cuts is being developed to
recover efficiency at high masses

e ———==" C +—f—~.+ Cut efficiencies T
0.9 ) - 09 0.9 _ 2 gene ele eta<2.5
0.8 :_; 083 0.8 at least 2 reco ele
E Cut efficiencies : | :
0.7:_ [:I 2 gene ele eta<2.5 0.7 O.7E
O'G; i at least 2 reco ele 0'6: os;
0.5;— 0.5F 0.5
0.4f 0.4f — 0.4
- Cut efficiencies g § . »)
03k 03f | J2emeseeaczs .o AtlFastv12.0.4
0.2f 02f | _laeszrcoce 0of Without isolation cut
0.1F 0.1F 3
- AtlFastvl2.04 - FullSimv12.0.31 0.1
0900 4000 6000 8000 10000 O——F60 4000 6000 8000 10000 0560 4000 6000 8000 10000
M, (GeV) M, (GeV) M, (GeV)
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4 Example from CMS
ECAL saturation: a single crystal saturates at ~1.7 TeV; start
seeing effect for >4 TeV Z’

« Correct energy at a slight resolution loss using “charge-sharing”
technique

« Triggering with saturation could present another challenge!

« Ramon Barros Luco: "Ninety-nine percent of all problems will find a
solution by themselves, the remaining one percent have no
solution."

T S EESUESS ESS ) 1 v % & [ & 75 7 — em—

- )
§ O osof 2 1|
§ [ —before correction M=4 TeV/c § 2501 before correction M=6 TeV/c] : :I :
% 3000 —after correction | % E —after correction I || :
2001 ] C
‘ : ' b
20001 i . 1501 ) 7 gl I
L (a) i 4 - (b) | ! Lo
100f- . R
1000 ] - ] L
’ i ] = § : Lol
/] | E oo™ 1 E L
86 it r-r'“‘L‘”(;TB”‘-» “1 A“.Ik'k"»-._l_ L _|2 8; J ad MLJ;SL.;.-;H o 'J-‘t:-l \'nl ! | 5 I II i I »
. . 1 g . ¥ 1 1 -
: o Bunch crossing
Mee"‘ Mtrue Me€ Mtrue
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4~ Last-Bin Effect
e Note the last-bin effects: saturation can easily cause

a peak

— Unlikely that confirmation could come from the dimuon
(resolution) or ditau (ID, trigger, Z(vt) first!) channel at

the time of discovery
— Thus many cross checks will be required

P

ATLAS, 10 fb,
162 barrel region

- Hot cells? Saturation?
!

j -‘
10, )
= | l

< |||

1 L Ll 1
600 800 1000 1200 1400 1600 1800
M/GeV
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e Note the last-bin effects: saturation can easily cause

a peak

— Unlikely that confirmation could come from the dimuon
(resolution) or ditau (ID, trigger, Z(tr) first!) channel at

the time of discovery
— Thus many cross checks will be required

:]_O‘IO2 e
Hot cells? Saturatic

ATLAS, 10 fb,
barrel region

|

600 8O0 1000 1200 1400 1600 1800
MIGeV
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e Note the last-bin effects: saturation can easily cause

a peak

— Unlikely that confirmation could come from the dimuon
(resolution) or ditau (ID, trigger, Z(tr) first!) channel at

the time of discovery
— Thus many cross checks will be required

ATLAS, 10 fb,
101 barrel region

Hot cells? Saturation?

600 8O0 1000 1200 1400 1600 1800
MIGeV
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"‘:- Note the last-bin effects: saturation can easily cause
a peak

— Unlikely that confirmation could come from the dimuon
(resolution) or ditau (ID, trigger, Z(tt) first!) channel at

the time of discovery
— Thus many cross checks will be required

I|IIII|IIII|IIII|I

| ol T
atLas, 1016 | 5 102 o | [ ath1, 1987 (c) -
1010?| barrel region & E ;
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C r > 10 | |
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1o i 1
i r | 1 F E
N L|f 107" | H1 0.4 _
W FerrR LI -

00 000 1200 1400 1600 800 100 150 200 250
M, (GeV)
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Memento Pentaquarks..

* Involved about a dozen (!) of groups all over the globe!
e (Generated about 400 references In the literature

* Net result: every single claim of 2003 has been disputed by at least one

other group

e IMHO: ?uite a shame for the field, which is over 100 years old and so
0

proud of the widely-accepted 5o discovery standard

« Unfortunately follows a long trail of “miscoveries” from split A, to the
Heidelberg-Moscow Ovfp decay claim and DAMA story

Experiment  Reaction State  Mode
What is a .9 LEPS(1) 702 — KTR~-X s K*n
ST ~d — KT Y iy K" T o
At Jefferson Lab in Newport News, physicists fire gamma rays into Ij'[‘[ \'"- 'A re "_\‘_ “_1‘. f\ ) v ":“ "
the nucleus of heavy hydrogen atoms, releasing pentaquarks and CLAS(d) Td — AT TIn)p T hn
other subatomic particles. CLASI pl o — K"K 77(n) a8 K™
T SAPHIR w— KEK~(n) [ K™n
Tl h T _ ~+ 1.~0 + 7.0
particle COSY pp—EXTKgp ¢ Kap
& JINR _."ll'; ';_t; J‘lr:ﬂ" — A I.;._i-’.‘\. 2 A !::_l'
sSVD pA — K2pX [ K:p
neutron oy e . T ol e -
@ DIANA K¥Xe— Kip(Xe) H#T Kap
B vA— KopX &7 Kip

gamma ray (F6? NOMAD A — “-\‘2_[-'.‘\- HT

Kop

poins e HERMES  quasi-real photoproduction @7 K&p
: ZEUS op — KepX s Kip
proton NA49 pp — Z7X =s Ciy
nucleus H1 ep— | I8 i Y i, ..'7]0_;.,
[Dzierba et al, hep-ex/0412077]
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Memento Pentaquarks..

* Involved about a dozen (!) of groups all over the globe!
e (Generated about 400 references In the literature

* Net result: every single claim of 2003 has been disputed by at least one
other group

e |IMHO: ?uite a shame for the field, which is over 100 years old and so
proud of the widely-accepted 5o discovery standard

« Unfortunately follows a long trail of “miscoveries” from split A, to the
Heidelberg-Moscow Ovfp decay claim and DAMA story

Experiment  Search Reaction 8t 2 8

What is a 9 ALEFH Hadronic Z decavs || [l |

® BaBar eTe” — T(45) |t } -

At Jefferson Lab in Newport News, physicists fire gamma rays into BFLLE KN — PX 1l _ 1l

the nucleus ()I'.I?czl\‘)‘-h_\'drngcn atoms, releasing pentaquarks and [J]\ o ) -'.' - 'l Bi28) — 88 |l _

other subatomic particles. ey —

CDF pp— PX |} I} |t

T COMPASS  p*(°LiD) — PX TR

particle DELFHI Hadronic Z decavs Iy - -

§ E600 pp— PX b -

neutron Fe T(V_.[ "\, = "\ U ! U

@ HERA-B  pA — PX b -

HyperCP (77, K*.p)Cu— PX T

e (529 LASS Ktp— Ktnr™ W - =

sirikes the > [.3 vy — G ) . -
nucieus S . ———

PHENIX Audu — PX |t - -

SELEX (m.p.E)p— PX Iy} - -

proton SPHINX pC (N — 87C(N) ) - -

nucleus WARD Y-N — PX - -

ZEUS ep — PX Ml I} |t

[Dzierba et al, hep-ex/0412077]
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Memento Pentaquarks..

* Involved about a dozen (!) of groups all over the globe!
e (Generated about 400 references In the literature

* Net result: every single claim of 2003 has been disputed by at least one
other group

e |IMHO: ?uite a shame for the field, which is over 100 years old and so
proud of the widely-accepted 5o discovery standard

« Unfortunately follows a long trail of “miscoveries” from split A, to the
Heidelberg-Moscow Ovfp decay claim and DAMA story

Experiment  Search Reaction 8t 2 8

What is a 9 ALEFH Hadronic Z decavs || [l |

® BaBar eTe” — T(45) |t } -

At Jefferson Lab in Newport News, physicists fire gamma rays into BFLLE KN — PX 1l _ 1l

the nucleus ()I'.I?czl\‘)‘-h_\'drngcn atoms, releasing pentaquarks and [J]\ o ) -'.' - 'l Bi28) — 88 |l _

other subatomic particles. ey —

CDF pp— PX |} I} |t

T COMPASS  p*(°LiD) — PX TR

particle DELFHI Hadronic Z decavs Iy - -

§ E600 pp— PX b -

neutron Fe T(V_.[ "\, = "\ U ! U

@ HERA-B  pA — PX b -

HyperCP (77, K*.p)Cu— PX T

e (529 LASS Ktp— Ktnr™ W - =

sirikes the > [.3 vy — G ) . -
nucieus S . ———

PHENIX Audu — PX |t - -

SELEX (m.p.E)p— PX Iy} - -

proton SPHINX pC (N — 87C(N) ) - -

nucleus WARD Y-N — PX - -

ZEUS ep — PX Ml I} |t

[Dzierba et al, hep-ex/0412077]
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4 Peaks Are Not Easy to Fake?

—
—

Lee Ann Womack — “Now You See Me, Now You Don't”

Better take a good look before | disappear

Because I'm just about to be your used-to-be

You might catch a glimpse of my taillights in the dust
And if you notice something missin’, well it's me
'‘Cause | tried and you lied

Now you see me, now you don't

First you do but then you won't

Watch me vanish right before your eyes
You might think you see me there

In a cafe on a street somewhere

Yeah, that might be me but I'll be gone
Now you see me, now you don't
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Lee Ann Womack — “Now You See Me, Now You Don't”

Better take a good look before | disappear

Because I'm just about to be your used-to-be

You might catch a glimpse of my taillights in the dust
And if you notice something missin’, well it's me
'‘Cause | tried and you lied
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%7 ItsFuntobe a Theorist Today

 Enormous landscape of models
— Peaks, deserts, valleys, some of which may be hidden!
 Emerging connection of physics at the smallest and largest
distances

« Wild West of models; some are pretty imaginative
— New particles
— New dimensions
— New geometries and topologies

« State of the art high-precision calculations at NLO and NNLO

 Improved QCD calculation precision:
— Important insights from string theory methods (twistor space, AdS/CFT)
— Greatly improved lattice QCD

e Very powerful MC generators
e Good understanding of PDF and uncertainties
* Interesting attempts to reverse-engineer experimental data
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4" It'sReally aGreat Time to be an Experimenter!

DL ELEEEEERE O
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4" ItsReallyaGreat Time to be an Experimenter!

"+ We have a beautiful picture of the universe, and yet it is
strikingly incomplete
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"+ We have a beautiful picture of the universe, and yet it is
strikingly incomplete

 We have learned how to operate machines and detectors of
enormous complexity: both on Earth and in space
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4 It'sReallyaGreat Time to be an Experimenter!

 We have a beautiful picture of the universe, and yet it is
strikingly incomplete

 We have learned how to operate machines and detectors of

enormous complexity: both on Earth and in space

 We have several imminent missions to accomplish: the LHC,
the next generation of neutrino experiments, space
laboratories, perhaps the ILC
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=« We have a beautiful picture of the universe, and yet it is
strikingly incomplete
 We have learned how to operate machines and detectors of
enormous complexity: both on Earth and in space

 We have several imminent missions to accomplish: the LHC,
the next generation of neutrino experiments, space
laboratories, perhaps the ILC

 We have great mysteries to solve: the origin of mass, the
matter-antimatter asymmetry of the universe, the nature of
dark matter and dark energy
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+ It s Really a Great Time to be an Experimenter!

- « We have a beautiful picture of the universe, and yet it is
strikingly incomplete

 We have learned how to operate machines and detectors of
enormous complexity: both on Earth and in space

 We have several imminent missions to accomplish: the LHC,
the next generation of neutrino experiments, space
laboratories, perhaps the ILC

 We have great mysteries to solve: the origin of mass, the
matter-antimatter asymmetry of the universe, the nature of
dark matter and dark energy

 We have detailed maps - theoretical guidance - but let’s not
forget that we may be in the uncharted waters
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It's Really a Great Time to be an Experimenter!

We have a beautiful picture of the universe, and yet it is
strikingly incomplete

We have learned how to operate machines and detectors of
enormous complexity: both on Earth and in space

We have several imminent missions to accomplish: the LHC,
the next generation of neutrino experiments, space
laboratories, perhaps the ILC

We have great mysteries to solve: the origin of mass, the
matter-antimatter asymmetry of the universe, the nature of
dark matter and dark energy

We have detailed maps - theoretical guidance - but let’s not
forget that we may be in the uncharted waters

The future is bright; no bumps on the road would stop us
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It's Really a Great Time to be an Experimenter!

We have a beautiful picture of the universe, and yet it is
strikingly incomplete

We have learned how to operate machines and detectors of
enormous complexity: both on Earth and in space

We have several imminent missions to accomplish: the LHC,
the next generation of neutrino experiments, space
laboratories, perhaps the ILC

We have great mysteries to solve: the origin of mass, the
matter-antimatter asymmetry of the universe, the nature of
dark matter and dark energy

We have detailed maps - theoretical guidance - but let’s not
forget that we may be in the uncharted waters

The future is bright; no bumps on the road would stop us

We are destined to find unknown, perhaps of a much more
puzzling type than any of us could now imagine!
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+ IfHistoryis aGuide..

Let’s recall a tale of a great discovery of five centuries
ago: the discovery of the Americas
o Christopher Columbus was an ideal experimenter:
— He raised funding
— He ignored theoretical prejudice

— He was lucky
— As a result, he has discovered a WHOLE NEW WORLD!

 We have a thing or two to learn from him...
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¥ IfHistory is a Guide..

Let’s recall a tale of a great discovery of five centuries
ago: the discovery of the Americas

o Christopher Columbus was an ideal experimenter:
— He raised funding
— He ignored theoretical prejudice

— He was lucky
— As a result, he has discovered a WHOLE NEW WORLD!

We have a thmg or two to Iearn from him...

|
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o Let's recall a tale of a great discovery of five centuries
ago: the discovery of the Americas

o Christopher Columbus was an ideal experimenter:
— He raised funding
— He ignored theoretical prejudice

— He was lucky
— As a result, he has discovered a WHOLE NEW WORLD!

 We have a thmg or two to Iearn from h|m
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LHC 2008 Workshop @ UCSB

iProspero
ANo Nuevo
2008:
el ano de
LHC!
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