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OUTLINE

Part 1 — Motivation: Why the LHC?
Part 2 — Realisation: How the LHC?

= The accelerator.
= The experiments ALICE, LHCb, TOTEM and LHCH.
= ATLAS and CMS.

Intermezzo: Basics of pp physics

Part 3 — Results: What at the LHC (and the Tevatron)?
= ATLAS and CMS: Commissioning and performance
= LHC: The rediscovery of the Standard Model.
= Higgs boson searches at Tevatron and LHC.

= Searches for Supersymmetry and other BSM physics at Tevatron and LHC.



PART 3
Results: What at the LHC?

Standard Model
Searches — Higgs, SUSY, etc.



SM HIGGS

(will not discuss non-SM - largely similar techniques,
and weaker conclusions)



SM HIGGS PHYSICS

Higgs has several tasks in the SM

= Gives masses to bosons (via
spontaneous broken symmetry)
and to fermions (Yukawa coupl.).

= Prevents divergencies of SM
cross sections at around 1 TeV.

Present situation: Long searched
for at many maschines. Last to
search: LEP and Tevatron! Nothing
found =» limits on Higgs mass!

EW precision fits to LEP and other

data

=» indirect constraints on Higgs
mass; indicating low mass, in
fact lower than limit from direct

searches!

Nothing from LHC yet, discuss Tevatron !
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SM HIGGS AT TEVATRON

Numerous channels — typically divided between high and low higgs

mass.

Higgs Decay
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SM HIGGS PRODUCTION AT TEVATRON
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HIGGS: ANALYSIS FLOW ...
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HIGGS: ANALYSIS FLOW
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HIGGS: ANALYSIS FLOW

D@Preliminary W+ 219”“’"’9

L=53" Dw.-,m
Multi Jet
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1. W or Z boson reconstruction
W=21v, Z=2Il, Z2vv

2. Higgs candidate reconstruction

Dijet mass, b-jet tagging.
3. MultiVariate Analysis (MVA)
4. Result

Dijet Mass (GeV)



HIGGS: ANALYSIS FLOW

Run 2278395 Evt 117967657 Wed Nov 22 16:59:06 2006
ET scale: 18 GeV

Neural Net b-tagger
Combination of SV & dca
Loose: 70% eff, 4.5% fake
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(Signed) Track J/' c
Impact Parameter (dca) /f’

Hard Scatter / Length (L) Tight : 50% eff, 0.3% fake




HIGGS: ANALYSIS FLOW
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Higgs acceptance

Higgs rate small, we reconstruct additional topologies

Production: Decay: W , Z decays :
qq 2 & H - WW W — v
qq— H + W H — bb Zz " Al
qq 2 H + Z He> TT Z NN
qq — H + qq H & YY W — Tv

W = qq

Ben Kilminster, ICHEP 2010




Summary of low & high mass results

Channel
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What goes intfo the combination?

CDF Run Il Preliminary, <L> = 5.6-5.9 fb™
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What would a signal look like ?

CDF II Preliminary (5.7 fb'!)

CDF fest:
Expected Limits + 20 . II'IJ.QC"' My = 115 GeV
Expected with Injected M,_-115 GeV/c? Signal into

pseudoexperiments
(just CDF ZH—|lbb, WH—lvbb,

ZH—vvbb)

110 120 130 140 150
Higgs Mass (GeV/c?) L sigma high
effect would get more
pronounced with other channels
and DO as well




Tevatron combination

Tevatron Run Il Preliminary, L < 6.7 fb!
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-
o

"
95% CL Limit/SM

O
Q

e
QO
Q
Q.
X

’LLI

sensitivity

~ 4..............Iiavatron Exclusnon
T ar l . i

100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c )
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LEP exclusion : o 158 < my < 175 GeV

*
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*
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Ben Kilminster, ICHEP 2010



HIGGS: FINAL TEVATRON COMBINATION

Tevatron Run II Preliminary, L < 6.7 fb™
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Prospects for Higgs evidence

~16 fb!:*

> 3 0 expected
sensitivity from

100 - 185 GeV
4 0 @ 115 GeV

End of 2011:-:-

> 2.4 O expected
sensitivity across mass
range
3 O at 115 GeV

!

-k

Analyzed Lumi/Exp. (fb™
Expected Sensitivity ¢

&)
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With Projected Improvements mH (GeV/ 02)

* 16 fb! : based on “"Run III” proposal to run 3 more years

Ben Kilminster, ICHEP 2010




SUSY

(not discussing all the rest ... no time and too much detail ...)



SUSY - INTRODUCTION

SUSY provides solution for a number of questions to the SM

= Hierarchy and fine-tuning, dark matter candidate, connection to gravity, unification of
forces and masses

Tevatron experiments currenlty have about 8 fb-1 on tape and analysed
about 5.3fb-1; data taking continues for at least one more year.

i ald — e~ 600 RN RS R
SUSY is extremely b_road field % : epa 7]
can only cover certain channels; 3 500~ o TS
typically results lead to limits on @ : A
certain parameters under certain & 400" K
assumptions — plots like this one: = m no msuem\f
~x 300- > solution_ [\
. [ [ \
Important parameters: tanf3, sign(p), S o018 :
A, m,, m,,. 200C DO, L=2.1 fb" &
0 T2 o & tanB=3, A =0, u<0
At LHC, competetive with Tevatron 1005
already in 2010 / 2011 in certain N RN
regions of parameter space. % 100 200 300 400 500 600

Gluino Mass (GeV)



SUSY - SPARTICLE SPECTRA

Derived Mass Spectrum of SUSY Particles LE+LHC300 MSSM18
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SUSY - SPARTICLE SPECTRA

Derived Mass Spectrum of SUSY Particles LE+LHC+ILC MSSM18 |
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EXAMPLE ANALYSIS: SBOTTOM

b
Sbottom squark b, could be lightest ¢ , Jet
coloured SUSY particle. bd” O
g Missing
Signatures: 2 b jets, missing ET, 6666\\ vo  Enersy
. ~ ¥, 1
since sbottom decays 100% to b - % Jet
and LSP (= MET). 3
Selection:
> 103 - v 3 ' T y [ T
= Large angle between b jets and MET &  [DOL=521 *;’a‘j‘(mss f‘i}
. . | — lxl ,85) Ge
direction. g [ w - Py
= Symmetric MET and HT 2 10°F Zrtjets
o - Wijets
= Cuton ()pT1+PT2/HT against top BG. T I _]"'OP
. Diboson
. 10 : "
Typically good agreement between : et
data and SM expectation : e tary)
= Derive limit on sbottom mass! j: T
i : 1 : ‘ | ml, | :
0 100 200 300 40(

E; (GeV)



EXAMPLE ANALYSIS: SBOTTOM

b
Sbottom squark b, could be lightest q ) Jet
coloured SUSY particle. be"
P Missing
Signatures: 2 b jets, missing ET, 0ﬁévm‘\ o Enerm
since sbottom decays 100% to b - i N Jet
b €
and LSP (= MET). 3
Selection:
= Large angle between b jets and MET o m o o
direction. o 120T M; <M, +M, |

= Symmetric MET and HT
= Cuton ()pT1+PT2/HT against top BG.

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

Typically good agreement between
data and SM expectation

= Derive limit on sbottom mass!

Similarly for stop etc.

11155 |
150 200 250

0 50

100 B
ME [GeV/c™]



EXAMPLE : SQUARKS / GLUINOS

Pair production of squarks and gluinos

Decay to jets and missing ET (from the
LSP — typically neutralino).

Optimise precise cuts according to
scenario, number of jets, etc.

For 2fb-1: data and SM agree. g 5 <
= Limit at 95% CL at 300 GeV for gluinos and e
380 GeV for squarks. %
@ mvCDF Run II. Prelir‘nlr‘\ary . — ed::f,:s;b:L :600:’ WL | E\ :
T s ... xpected ’ O 500 .
250 — . — —
C T — ———— " N [
200:—_4 ] A =0, tanfi=5, u<0 g 400'_._ \;
% - @L — = :E] s % |no mIStlilGRAE
S L - SO on
@ 150 g 300: \\{ " 5
o 3200 DO, L=2.1 fb" |
E ILEF m{l;)l (7)) - tanB=3, A =0, }l<0 j
B N 4 1005 N\
E:‘G;?:::A | | | I-l- ! & ...LEP....-....
L . P % 100 200 300 400 500 600

M, (GeVic’)

PRL 102 (2009) 121801

Gluino Mass (GeV)



EXAMPLE : CHARGINOS / NEUTRALINOS

So-called golden channel with
three leptons and missing ET
in the final state (two neutralino)

Low cross section and branching
fraction, but clean signature,
very little background.

Mass limits at around 160 GeV

el

4
V4

_I { X1/

= For the specific mMSUGRA case S U e TLIND S
of tanbeta=3, A0=0, sign(mu)=+1 o DG, 2.3 fb Search for % _‘
gn(mu) G 300 mSUGRA B DO observed limit
o tanf=3,A =0,p>0 mmm D@ expected limit
£ - s& — CDF obser\_qed -
D@ (2.3 fb) CDF (3.2 fb") _ imit 2017
Channel SM expected Data Channel SMexpected Data |_ B ]
Lowp; 54=06 9 Trilepton 15+02 1 8 .
High 33:04 4 Dilepton+trk 9.4 = 1.4 6 |- i
igh p; ilepton+ ---__LEP -
_ Slepton i
_ Limit i
150 LEP Chargino Limit N

P T S R [ T ' P S T PR T S T I TR SO T
0 50 00 150 200 250

m, (GeV)



CONCLUSIONS: TEVATRON

v

Tevatron experiments continue to search for evidence of SUSY

Variety of final states / signatures
No evidence for SUSY so far
Tevatron running very welll
Analyses shown performed with up to 5.3 b’
More data in the can
9 fb-! delivered and counting
11-12 b1 expected to be delivered by the end of Run Il

» Keep looking until either we find something or LHC takes over

v



... AND AT LHC ...

sensitivity to mSUGRA with fully hadronic signaure

Sensitivity with Same-Sign di-lepton

> CcMS prellrlmnary | I CDF g, 216", tanB=5, u<0 ‘g = CMS Preliminary Vs = 7 TeV
8 \s=7 TeV L1 D0 gg, 241b", tanp=3, <o I Observe 1 event in 100 pb”"
~ Hadronic search, 95% C.L. curves B LEP2 7, @_ = Observe 4 event in 1 fb”
S tan=10,A=0,1>0 ——— S | LEP2 [ o ! I cOF Preliminary 31 (3.2 )
é- - T~ g (I0007Gev— ] E e B 00 observed limit (2.3 o)
1000 plj1 '\'9”10 ] - LEP excluded regions
0046‘_@& g mSugra: tanf =3, A =0, (1) >0
100
100 200 300 400 500 600 700 800 900 1000 ™o 7 20 =00 400 500 €0 700 800 G0 1000
m, (GeV) m, (GeV/c?)

= 7 TeV data of ~¥100 pb1should provide sensitivity to SUSY
parameter space well beyond the current limits set by TEVATRON

" The sensitivity reach strongly depends on how well we understand

the SM backgrounds



P

\s=10 TeV MC

10

= A powerful variable for suppressing mis-measured QCD

ap= P12, __ Vre/pn
My : v/2(1 — cos Ag)

—
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= Well measured back-to-back di-jet system o, =0.5, if one
jet is mis-measured a;<0.5

-
T T

10-1-
0
o e O CMSpreliminary2010
Sk Je=TTeV ] S| VE=7TeV
~ = 2 <10k L=11.0nb g
4310:';— 2 Jets 1 @ 2 Jets :
- 3 cC s .
| H,[80,120] 1 o H,>120 GeV -
10? € = ;
Sof | 4 omo ] g Hoe - Senoen
g ~—— Pythia8 QCD ! —— Pythia8 QCD : -
10 1
1 Study fraction of events with a; >0.55
0 05 1 15 2 25 3
O+
v" The data shows the expected sharp fall around a;. 0.5, improves for higher H;

Didar Dobur 4/18 ICHEP 2010 Paris



LMVERSIT\ of I

UF FLoRIDA

= Rejection power of o is expected to get better with increasing H;

= Examine this assumption in the available H;range:

CMS Prellmlnary\fé 7 TeV 57 nb’

CMS Preliminary\N's = 7 TeV, 57 nb’
A GV AR LA s L

g AT 3 w 1g i
‘X_ E 2-Jet : % mult1 Jet :
e} B + n ) ~ -
£107F . 3 £10'F =
s F + i 3 - T~ =
2 C . 2] n -
2 07| L e ® 02l ‘
w < E y+i-je = 2 —
“ 10 3 v Smeared Jets 3 % 10 - = >3-jet . T 3
B n ® Emulated Jet Loss e - 4 y+=2-jet | :
= - T o - v Smeared Jets .
S 10° 4 8 4103L ® Emulated Jet Loss N -
L —— e T L PP PP PP P S 1 Y I L
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Hr (GeV) H; (GeV)

v' Expected decrease (approx. exponential) with H; is observed for both 2-jet and 23-jets
v’ Better performance with increasing H; holds also for:

" |n y+jet(s) events where photon is treated as a jet
" Emulating extreme jet losses
* Smearing jet energies

v Extended also for leptonic search channels (not shown here)

Didar Dobur 5/18 ICHEP 2010 Paris



UF Bk

MHT = | - }_ pi(jet;)| : = A complementary observable, A¢*, to diagnose
;w'l background events where one jet mis-measured.
7Ad
/ ji " Test each jet to see if it is responsible for the

MHT (vectorial sum of the jet p;)
Ap* = min (IAcp(Pk, - Pi)|)

jets i#k
1 11111111 | LI LA NN L L I 1 N
............ 160 > H, GeV > 120 E s 160 > Hp GeV > 120 3
s Hy GeV > 160 ] ——— H, GeV > 160 ]
el 1 160 > H; GeV > 120: jet removed |
160> H, Gev>120:jetremoved | @ | by T H,Gef,';m etremovea | ™ €xpect small A¢* for QCD

=1 e H, GeV > 160: jet removed

T

Tl

®" more uniform for real MET

Normalized Entries /0.13
=
A
Normalized Entries /0.13
Q

el (emulated by removing one

T T 2jers 107 1 jet)
' ] >= 3 jets :
1 \s=7TeV,12nb" i Ge=7Tev. 12 b T
107 ( CMS preliminary 4 10% CMS preliminary ]| &
L | P P AP BRI EPETEPET BRI B T LY S SV DU BT PRI P W | £

0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3

A¢* A¢Q

v Data confirms the expected behavior in both di- and multi-jets

v" Resolution improves with H;

Didar Dobur 7/18 ICHEP 2010 Paris



Searches for excited quarks: q*-> jj

Full data sample analysed

Looked for di-jet resonance in the measured M(jj) distribution
- spectrum compatible with a smooth monotonic function - no bumps

M 0.4 <M (gq*) < 1.29 TeV excluded at 95% C.L.

e Data
Fit
—e— q%(500)
—— q7(800)
—s— %(1200)

T IIIIIHI T T TTTTT

\'s=7 TeV, [Ldt

T

T

=296 nb’’'

PDF: MRST2007 Modified LO
ATLAS Preliminary

T

| IIIIIHl | III\III|

1 IIIIIHl 1 \IIIHIl

4

.l.Il PR I I PR

|

=

M|

[

500 1000

g* model simulated
with Geant4

1500

Reconstructed m”

GeV

o X Acceptance [pb]

Latest published limit:
CDF: 260 <M (q*) < 870 GeV

T IIIIIIII T IIIIIIII T T 14

II]IIII

T T T T T T T

——q MRST2|OO7 Modified LO
: g* CTEQ6L1 7

q* CTEQ6.6
Expected limit
Observed limit

Data [Ldt = 296 nb’”

1IIIII|

ATLAS Preliminary

1 | | |
1000

Resonance Mass [GeV]

U Experimental systematic uncertainties included: luminosity, JES (dominant), background fit, ..
O Impact of different PDF sets studied - with CTEQ6L1: 0.4 <M (g*) < 1.18 TeV
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