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The most important message to take home:

This is the first ‘Physics at the LHC’ conference
with the LHC running, and the LHC experiments
presenting real data from collisions!

And the data presented demonstrate that the
experiments are extremely well prepared for
producing fast high quality physics results

PLHC2010, 7-12 June 2010
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Run Number: 152409, Event Number: 5966801

Date: 2010-04-05 06:54:50 CEST

Some ‘typical’
W-ev candidate in real eve nts

7 TeV collisions
p,(e+) = 34 GeV

nle+)= -042

E," =26 GeV

M, = 57 GeV
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Note also that the event displays have become more sophisticated since the
first spectacular events, hand-drawn, at a hadron collider ...

Volume 1188, number 1, 2, 3 PHYSICS LETTERS 2 December 1982

-

(a) (b)
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il PHYSICS AT LHC 2010

2 7-12June 2010 i~ -~
2§ DESY, Hamburg /[ 7 ~

Plan for this presentation

Understanding the instruments
- Commissioning of the LHC
experiments and computing

Understanding the environment
- Minimum bias events at LHC

Machines
- Tevatron and LHC projections

Physics and outlook
- A few examples of Tevatron results
- Some LHC expectations

Note: This cannot be a direct summary, |
would in no way be capable of giving justice
and fair credit to the fantastic amount of work
presented during this enjoyable week

Therefore | will also not quote any names of
experiments speakers, remember, this is a
collaborative effort!

PLHC2010, 7-12 June 2010
Peter Jenni (CERN) hittp:ipihe 2010, dasy. de
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The complex detectors take

data with an impressive fraction

of operational channels, and high

efficiencies

CMS

Pixels 80 M 97.5%
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350k 98.0%
LAr EM Calorimeter 170 k 98.5%
Tile calorimeter 9800 97.3%
Hadronic endcap LAr calorimeter 5600 99.9%
Forward LAr calorimeter 3500 100%
LVLI Calo trigger 7160 99.8%
LVLI Muon RPC trigger 370k 99.7%
LVL1 Muon TGC trigeer 320k 100%
MDT Muon Drift Tubes 350k 99.7%
(CSC Cathode Strip Chambers 3k 98.5%
RPC Barrel Muon Chambers 370k 97.3%
TGC Endcap Muon Chambers 320k 98.8%
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Examples of good feedback of beam parameters to the LHC
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Enormous amount of tracking work, exploiting to the best also 100s of millions
of cosmics, has led already to excellent performance for all experiments

Here just a few examples from CMS, but ATLAS, LHCb and ALICE have a nice
collection as well...
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Impressive resolutions have been
achieved, this must be the record...
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LHCb RICH detectors Preliminary RICH1
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ALICE partlcle identification
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Mapping the Inner Detector material

with y 2 e*e-conversions
... and using data to find geometry imperfections in the simulation

Reconstructed y - e*e-conversion points in the Rz plane in
minimum bias events
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ECAL clusters (electrons and photons)
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Low mass di-photons: m®and n

MC based correction applied according to cluster n and energy

1.46M of % — vy
P«y) > 0.4 GeV,
PL(pair) > 1 GeV

25.5Kn — vy
Py) > 0.5 GeV,
P.(pair) > 2.5 GeV

Numbers refer to ~10%

of the currently available
statistics.

Very useful tool to
intercalibrate the crystals.
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Understanding the EM calorimeter response uniformity and E-scale
with m° = yy
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Hadronic energy measurements and jets ... underway for physics
measurements soon!
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MET resolution vs Sum ET

F 20: | T f 1 | f ||||||

(‘515 18%M82010Prellm|nar ...... _,
= minary - Partlcle FIow I
‘,.,..—....,.h-'__.‘:‘1 16_ E_TTEU ................. ..................... ..................... :_:
m_x — : : ; i | I 1l
LL

Q

o

0 90 100 150 200 250 300 390
PF XE; [GeV]

Figure: Data vs MC: PF EXV resolution as function of PF > E




Entries /1 GeV

Missina transverse ener Measured over ~ full calorimeter coverage
g gy (360° in @, |n| < 4.5, ~ 200k cells)

10— T —— T T s Wp——— 71— 771 177§
ATLAS Selections: ) - o y — ]

108k Preliminary [ pQ + Coliisions S 9 D“”—fs Preliminary e Data:fit041\2E

2 [ + Nosingle cell 5 8F Ll xafprlz00 MC:fit0.43\XE,  —

10° = Data 2010 jets in HEC = E Ns=7Tev . :
g L,,=0.3nb" —+4— + No bad quality s 7 = L,=0.3nb =

1 04 _E Vs=7 TeV jets in EM-Calo g 6E- nl <45 ,,-"'D"}/ () E

= ml<a4s e Min.bias MC EE E EM Scale “.“—I". ]

— 1] — il —
10°¢ Tallé o :

2 - g ) 4; _...‘.'.’. _:
10g oF- ,5“‘ _i

E 15“ =

1 E A2 \ H -

I I I I N — I ; I I I I E L 1 1 L | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 N L f_

0 20 40 60 80 100 % 50 100 150 200 550
ET™® [GeV] > E; [GeV]

< 0.15 | | | L
> , ]
- - - m : H EmlSs Width N
Event fraction removed by additional % 01 ATLAS Preliminary  _ * "€ ]
cleaning cuts: ~ 10~ v 0 Random trigger ]
o] N
0.05 -

(noise, coherent noise, dead cells,

||
E,™iss is sensitive to calorimeter performance of s BR By yesgegti 8
L1

mis-calibrations, cracks, etc.), and 0.05 E
cosmics and beam-related backgrounds 01 Stability of o (E,™'s*) distribution |
vs time over 1 month: < 3% ]
0.15 b b e b e by e by

5 10 15 20 25

" CYPEDIMENT
Livi

= LA LIV

http://atlas.ch Time [days]



v I'Vh-rl'lllll'll-'r
o4 TTTTTTTITTTTITTTITTTT T T T TR T T T T T T T T T h”: {Ifll]S.CI'I
E - ATLAS Preliminary L, -64np’ - I //
= 350F + 7 TeV data: Opposite Sign E
® - —+— 7 TeV data: Same Sig i
S 300F =
B - 1
2 2501 -
c - E
W 200 E
150
100k
sof ey
o= 00 O
e Ly by ey s by by e L g Iy e s ey sl
D2 22 24 26 28 3 32 34 36 38 4
Jhy Mass [GeV]
cﬁ_\-q F T T T T T T T T E
o LHCb ]
p— Preliminary |
g W5 = T TeW Data J
m -
Z EES
m——"
-'ﬁ 2
Z10°¢ &
= - 3
2 ]
w Y(2S) -
10} +
I L 2 I 2 '} I L L 2 I L L I
3000 3200 3400 3600 3800

m(u*w’) [MeV/c?]

250

200

150

100

50

J/w Production

_ Signal events: 1230 + 47
-~ Sigma: (42.7 £ 1.9) MeV

L M,: 3.092 £0.001 GeV

B (stat)
. S/B=5.4(M, £ 2.50)
 x*/ndof=1.1

CMS PrelimiFary, s=7TeV

96 2728 2.9

3 3.1 32 33 3.4 35
Jhy mass [GeV/¢]

ary and

ALICE Performance
03/06/2010

+

G, = 0.086 £ 0.010 GeV/c?

_+_

p+p atys =7 TeV

e e e b by
2.5 3 3.5 4 4.5

MO




Trigger Efficiencies %

 Measure performance of LO*HLT1 (using lifetime
unbiased HLT1 lines) for JAy—uu

U Transport results to harder p, spectrum of B.—pu
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Data agree well with MC

LHCDb trigger concept has been proven with data !!!

LHCb is currently running with the pf.fe -up close to expected at nominal condmons
Fll sics at LHC, Hambur 12' 0 30
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b - tagging
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b-tagged jet in 7 TeV collisions
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119 mass

Forward Detector Experiments

A first track in the RP detectors

E 40 e E B e e LA B B s B By
S a0 > 10 o
50 _1&:"
20 20 - : :
Consistent resolution Invariant mass(MeV)
10 10 with the expected by | | Arm?
0 ! 1 0 — position resolution. rm
- o =3.1MeV
10 b : ' b Z
1] 10 0 30 E] —
Z (mm) i
o 11 : . .
it s el wnlil M ol ki w i i i i P B et L P i T

B0 100 120 160 180
Invarint Mass (MaV)

Stable within 2% faration of =" mas=
1% mass time variation

for all period
= T
= T B
= 138 L } I + | - ' o~
-_— I ] - ‘|l. N
136-- -------------------- +|
PLHC2010, 7-12 June 2010 Experimental Summary
Peter Jenni (CERN) 13055725 04/04 0411 0A/18 04/25 05/02 05/00 05/16 D5/23 05/30

Date(M/D)




4
4

[ 0/06/10

Today’s WLCG

0 computing facilities in

More than |00k Processing Cores
More than 50PB of disk

Physics at the LHC

4 countries




Worldwide data distribution and analysis
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To sum up the commissioning part:

(Only a tiny fraction of all the many results could be mentioned)

It is not exaggerated to state that never in the past experiments have been
ready to such a great extent when starting up operation with beams

- The complex detector hardware is working at a remarkable level, including
efficient data taking (trigger, DAQ, operation...)

- A long history of test beam studies and detector simulations result in a
great understanding of the instrumentation

- The experiments are successfully exploiting huge amounts of cosmics
data from the last couple of years

The collision data is then already used at the ‘fine-tuning’ stage of the
commissioning

Last but not least, software and computing are working smoothly, and wLCG
delivers! (All this was by far not obvious at the onset of the LHC project!)
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Preparing for the future : pile-up reconstruction
4 pp interactions in the same bunch-crossing

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST
Event with 4 Pileup Vertices
in 7 TeV Collisions




The HERA experiments provide a very major contribution
with their structure functions to understand the physics at
LHC (and Tevatron)
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W and Z with HERAPDF1.0
LHC at 14 TeV
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The first picture on the Web in 1992 !
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Some bench-mark cross-sections
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The Tevatron at Fermilab is performing in a superb way, and has still a major
potential for great physics in the near future
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Integrated luminosity (fb™)

0

Projection for the Tevatron

Expect about 2 fb-! per year from now on
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The Tevatron
experiments
have explored
an impressive
range of physics
over the years...

...both in direct
observations of
processes as
well as in
precision
measurements

_4o'0,_Tevatron Run II, pp at s = 1.96 TeV
qH
ol ] Jets
=10°4 =
o ] Heavy Flavor
E 108 E| =
PPN
010 -
S
& 10° -
S 4105
LS 10° - w
© s 3 Z
$10% -
0 10° Wy 2
2 ] o g
1074 wWWo _
1 tt Wz Single
10@ = o Top
] B g zz
14 ~10 orders ?
-1 . of magnitude Hig
1074 new physics
-2
10 ors Heg, W 2 W, & Wy o Wzt 22 ffalu;"yj;-
JrFfap
or M,=160
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Lake of Geneva

 The Large Hadron CoII
experiments have finally only just entered the scene
as active players...




Plus smaller
local earldoms
LHCf (point-1)
TOTEM (point-5)
Moedal (point-8)

CMS
2900 Physicists
184 Institutions
38 countries
550 MCHF

ALICE
1000 Physicists
105 Institutions
30 countries
150 MCHF

Thessaloniki, 26-3-2010
P Jenni (CERN)

he H orld of CERN

LHCb

730 Physicists
54 Institutions
15 countries
75 MCHF

ATLAS
2900 Physicists
173 Institutions
37 countries
550 MCHF

(All number4$ are
approximate...)




delivered integrated luminosity (nb™')

16

14

12
10

LHC at 7 TeV: the still very young luminosity history

2010/05/27 08.08

o N A O,

LHC 2010 RUN (3.5 TeV/beam)

PRELIMINARf(i10% scale) _‘.'
Q-e— ATLAS!%LHCf |
?-'E}— ALICE 18
o LIHCD ...

90 100 110 120 130 140

day of year 2010

PLHC2010, 7-12 June 2010

Peter Jenni (CERN)

Total Integrated Luminosity [nb™]

25 ATLAS Online Luminosity s =7Tev =
E [] LHC Delivered E
20 L |:| ATLAS Recorded -
E Total Delivered: 18.1 nb™
15—  Total Recorded: 16.02 nb™ -
10— E
5 E
0_ T | | | _
25/03 02/05
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Road Map of Expected Hadron Collider Performances

(All the LHC details/assumptions can be found in today’s talk of M Lamont)

Now Tevatron 2 TeV 7 fb-1 (analysed)
LHC 7TeV 20 nb-1

End 2011 Tevatron 2 TeV 10 fb-1
LHC 7 TeV 1 fb-

End 2014 LHC 14 TeV 15 fb-1

End 2016 LHC 14 TeV 50 fb-

Early 2020ies LHC 14 TeV 500 fb-

2030 (s)LHC 14 TeV 3000 fb-! (ultimately...)

(These are round numbers and estimates, just to give a rough idea...)

PLHC2010, 7-12 June 2010 : 51
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Peter Jenni (CERN) xperimental Summary and Outloo



Physics

and

Outlook

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)
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Run: 152845, Event: 3338173
Date: 2010 04-12 16:56:44 CEST

pi) =40Ge At the LHC we just enter

nw)= 20

B e the era of the W and Z ...

,| CMS Experiment at LHC, CERN
il Run 133877, Event 28405693

H Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

|
W-pv candidate
in 7 TeV collisions

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

PLHC2010, 7-12 June 2010
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> 10°F AR EREER AR ARU S Analyses and measurements of
O FOwew 6.4nb" 1 W and Z productions at LHC have
@ I [ Jacp Before ET-miss cut | only just started ...
10 e
ﬁ :DW—'W : NO 02__|||II|III.|IlII|III|III|II|III|II|II__
' | | 1 S 0 CMS Preliminary 2010 UV
10 = N ) 7
E!.- ; 8 10 Vs =7TeV l'int =0.0166 pb 1 I veets =
i ] © ; CMS .ocn&y+Jats§
1 _ E?- 1 ?é l l .Z—m =
i 1 0 i -
j E E 1012— Dz-we —g
100 20 40 60 80 100 12 W, 0 h
m; [GeV]
Expected 28.7 B N
+0.5(stat)+3.9(syst)+5.7(l 104
umi) -
Signal 25.9+3.6(syst) 0 20 40 60 80 100 120 140 160 180 200
+5.2(lumi) )
Background 2.8%0.5(stat) £0.8(syst) Mee [GeV/ G ]
+0.6(lumi)
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FeLer Jerrni (CCRIN)



Events

2500

- 10000 5 —5ata 00
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0 - m Background
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499830 W - ev candidates

Whereas W, Z, and top analyses are in

a very mature and advanced state at the
Tevatron, giving a wealth of detailed QCD
and EW measurements

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

| + jets + b-tag analysis

LI | L | LI
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800

Whereas W, Z, and top analyses are in

a very mature and advanced state at the
Tevatron, giving a wealth of detailed QCD
and EW measurements

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)
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| + jets + b-tag analysis
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50

There will be a long way for LHC to
match theTevatron W and top mass
measurements, our preferred example
of precision measurements testing the
(consistency of the) Standard Model
and Higgs hypothesis

B D@ Runiale)

10 MeV syst limit

T I 1IIII1|' I I |rrr||| I T it

Single Experiment Sensitivity

CDF Run 1a (e4y)

D Run 1 (e)
COF Run 1 (e+u)

DO&un 2 (e)

CDF Run 2 (e+y)

CDF Run 0/l . 80.436 + 0.081
DO Run| ——e—— 80.478 + 0.083
=
CDF Run i —— 80.413 + 0.048 200 pb
Tevatron 2007 —e— 80.432+0.039
DO Run i . 80.402 + 0.043 1000 pb™"
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:
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Higgs search

H (150 GeV) — Z07°" — 4u

PLHC2010, 7-12 June 2010
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CDF/D0 at HCP2009:

Great results from both
experiments in both low
and high-mass sectors

SM Higgs exclusion in the
range 163-166 GeV @95%
CL

Expected exclusion range
159-168 GeV

Better than 2.2xSM
sensitivity at all masses
below 185 GeV

Stay tuned for further
Tevatron improvements in
Higgs searches

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

Tevatron Run I Preliminary, L=2.0-5.4 fb”
o

T T "Ii”l""l
«W ‘Vf LEP Exclusmn m Tevatron

m Exclusmn

AN

95% CL Limit/SM
o

WA \'\: SM:'l

i ; l | § 5 Nov?mbers%oﬂg |

10\0b 1|10 120 130 140 150 160 170 180 190 200
mH(GeV/c)
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Both experiments have recently released new analyses for H > W*W- which
dominate the mass region around 160 GeV

Basically both searched for two oppositely charged isolated leptons (e or 1), and made sophisticated
multi-variable analyses

Classified events according to 0, 1,

and 2 or more jets, and topology Classified events according to

(included also same sign leptons for ee, ey, and uy
WH and ZH production)
.[I' a8’ E : [_*} I ']:_'. l.[l.lt
102 - Expected - ~ | DO54 'ﬂ:rl |_—— E em-d L;Iml
. tlo = - :ﬁema +1 s.d.
. Od+2 7 3 Expected +3 s.d.
7] _ .
o Observed _ - 10 ]
3 - -
= B i
—— E -
32 -
7]
m _______
1 =
ST T M| 1 — X 1
IIII|IIIIIIIIIIIII N N T 1 N T N N o | N N T Y I | Tl||||||||||||7||||||||77||||||||||||
110 120 130 140 150 160 470 180 190 200 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV) m.. (GeV)
PLHC2010, 7-12 June 2010 Experimental Summary and Outlook H 60
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The new combined result published recently sets a new combined
95% CL exclusion for 162 — 166 GeV

E ].ﬂ ___l___l 1 L | _I ! |___|____|___ ] - ___l___l __|____|___I____|___|____|___|___l____l___J___l____l__
o -.-..ﬂ[j;ﬁf:h.m I[ .................. Dbstnf:ﬂ .................

------------ - Expfﬂe&+lﬁ

130 140 150 160 170 180 190 200
m,(GeV)

Combining the two experiments at this advanced stage turns out to

be very powerful for the Tevatron (... what about LHC?)
PLHC2010, 7-12 June 2010

Peter Jenni (CERN)
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Expected Limit/SM

—— Summer 2005
— Summer 2006
in —— Summer 2007
| —— January 2008
0 i —— December 2008
-. _ November2009
................................................... ........ with |mpr°vements
SM=1 D —
- goal for 2-sigma exclusion

2xCDF Preliminary Projection, m =115 GeV
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PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

2xCDF Preliminary Projection, m =160 GeV
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CMS Preliminary
———

|

The first physics run with 7 TeV E H-— WW/ZZ channels, L = 1 fb"
at the LHC, with the goal of 1 fb-' ~, °F
. o Je
towards the end of 2011, will be &
just ‘catching up’ the Tevatron o —=—10 TeV Bayesian
5 o 10TeV CL, T
One can expect for the end of e N
2011 that ATLAS and CMS can ;
exclude each the mass range 145
— 180 GeV, and that combined e[ 14TeV  Bayesia
» (o] e o
they could reach a 4.5 ¢ signal at ) S . S S
f 160 Gev 120 140 160 180 200
m
amass o m,, (GeV/c’)
(work in progress...) (work in progress...)
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95% C.L. Exclusion
PLHC2010, 7-12 June 2010
Peter Jenni (CERN)
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Events/(2.5 GeV)

Events / (4.2)

Higgs searches in the years 2014 and after ... 14 TeV
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Examples for the ‘gold-plated’ 4 lepton channels (maybe sometimes in 2015),

shown as smooth histogrammes and as a typical experimental distribution
PLHC2010, 7-12 June 2010
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14 TeV

Exampleofanother ...I-".? ED:IIII!IIII!IIIIIIII|IIII|IIIIIIIIIIIIIIII:
channel for the low S 45 o Disc with Cli-Basel Analypis (it syst efr) /1 =
mass region - - -E3- 50 Disc; with Ciat-Based Anatﬁl;{nu_w;t ert =
= 40 :—“‘E'--ifrﬂ-ﬂlac;*wﬂhﬂ:rﬂmhec- : ' -

H 9 W 35f 51: Disci with D:rtimi:e-: f
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Summing up the Higgs
search at the LHC with
an old plot (still ~ valid)

- Around 2015 we should
be able to conclude...

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

)l 50 discovery
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| 000
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From Alex Pomarol:

When a Higgs=like state is found, it will crucial to
determine its role in EVVSB

e.g. where it sits in this plane!

A rough perspective of different theoretical scenarios:

GhWww

SM
Iww 4

MSSM

SM Higgs

excluded by LEP

4

100 200 300

PLHC2010, 7-12 June 2010
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The first “Higgs” events
observed jointly in CMS

and ATLAS ... (April 2008)

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)
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somewhat later, even in ACE...




A very impressive spectrum of sophisticated searches have been
reported from the Tevatron experiments, there is no way to do any
justice here for this excellent work!

Just a few examples, which however also illustrate that it will be very
difficult to push these searches much further, the LHC will have a much
easier time thanks to the higher energy...

— e - | |
? {b') 'ng - DO, L=5.2 fb™ (a)
o 120 g — s |
: .. % —— L NLO cross section, BEEF{LQJ—)M}:I
E 100 gg l:lhl.!p ] ",‘ - © [N Yas LQ NLO cross section, B=1 - 0.5xF,
o DO 1F ' —=— Observed limits
E % Aoy T N N N, e Expected limits
] K S N N 0pb H LXpec 1mi
& A"\ cor \ E B
2 60 | Runn | Tl
= cpr 1295p07|
= 107 ¢ —_
20 gl C T T
0% & : :
0 50 100 150 200 250 | . : e
Bottom Squark Mass (GeV) 150 200 250 300
Leptoquark Mass (GeV)
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1] 100 200 300 400

The Tevatron experiments have made very detailed studies
investigating a large variety of possible signatures for SUSY

CDF Run Il Preliminary L=2.0 fb"

T T [T T T o
B cbserved Bmit 95% L. |

e ra
T T e,
: éﬁ?@f&%&%ﬁ%ﬁbﬁg
c ,ﬁ, !

b S

Squark Ma;s (GBV}

ST

M
100 200 300 400 500 600
” Gluino Mass (GeV)

M- (GeVicH

Exclusion plots (95% CL) for the most basic searches for squarks and gluinos

PLHC2010, 7-12 June 2010
, . 70
Peter Jenni (CERN) Experimental Summary and Outlook



The initial LHC running will
already match (maybe exceed)
end 2010 the Tevatron reach

- IIII‘IIII|\III|I\II|IIII|IIII|IIII|III

Q5L il
a10 = 4jets Olepton  ATLAS
8 f Preliminary © SM+ SUSY SU4;
10t 10 TeV .tsorgl BG .
0N F =
g F - m single top ]
I_ﬁ103 3 AW =
- —C— v 7 E

102 B QCD lightjets
A% —0— QCD bjets

10 / 7‘% ¥ DiBoson B
7 ;

1 /4’ VAL A ALY, 4//1/ I /X//ééém [ I I |_
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Effective Mass [GeV]

A typical example; note that the missing
transverse energy performance enters
directly the ‘Effective Mass’, detectors must
be well understood for these measurements

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

luminosity [fb™]

—_
o

—

10"

Experimental Summary and Outlook

I LI LI

L I LI ] LI ] 1

4 6 8 10 12 14
LHC centre-of-mass energy [TeV

71



m, ( GeV)

(scalar)

Ultimate discovery reach for SUSY particles at the LHC
(indicative plots, model-dependent...)
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The mass scale probed for
squarks and gluinos will be
typically 2.5 TeV by 2017 .



CDF di-muon peak search

highest mass event: myy = 882 GeV

COF Run |l Preliminary

M = 882 GaV/c2
CDF Ruin |l Preliminary
— M = 882 GeV/c2
o
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Muoh 1 _
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PLHC2010, 7-12 June 2010
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CDF: Z’ =ty 4.6/fb

* No excess observed; ~ CDF Run [T Preliminary 4.6 fo
¢ Set limits in terms of £ 1"':\\ ] —ssza
several Z° models 1% o L\ 1—z
*Zsw> 1071 GeV S
o
* 107
N
¢ data “best fit":
¢ consider fit of signal
fraction (number of Z’)
and mass as 2d fit 10° :
¢ best fit at m=190 GeV, Z' mass [GeVie]
sz=1.3% Model Mass Limit (GeV,/c*)
e N- Q Z A17
p-value 16% 2. i
Zhy 900
z, 917
Z\, 930
’?’r’I 038
Z5ns 1071
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The LHC experiments will have access to the 1 TeV mass range
very early on, still this year (2010)

— -
'8_ 104_ ---e-- 1.5TeV Z'>pupu, 10 events | '8_ 104:- 5, ---2--- 1.5TeV W—ev, 10 events
: i | —e— 1.5TeVZ'5uy, 95% CL ] : F — = 1.5TeV W'ev, 95% CL
i . ]
5 B ---e-- 1,0TeV Z—uy, 10 events | i ~—-B-- 1.0TeV W'sev, 10 events
Q —e— 1.0TeV Z'->up, 95% CL e —=5— 1.0TeV Wsev, 95% CL
= — 3 =3
e e 10 E 3
3 S [
— 7 1

2

4 6 8 10 12 14 T 6 8 10 12 14
LHC center-of-mass energy [TeV] LHC center-of-mass energy [TeV]

Discovery potential for ATLAS and CMS for the end of 2011, with 1 fb-1 at 7 TeV:
up to 1.5 TeV for 2’ and up to 1.9 TeV for W’

PLHC2010, 7-12 June 2010 _
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! Z’ - u* 1': 56 significance curves
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Di-jet mass distributions: QCD, bump-hunts, searches for sub-structure ...
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Early hints of
news from
‘Beyond the
Standard Model’
may come from
‘beautiful’ flavour
physics...

=it 2 R |
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First fully reconstructed B mesons %

B’ > D " + B*D'x

~ 22 . : . . .
N 20 LHCb 22.9 £ 5.3 signal events
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Calibration of the mass scale and B-field is ongoing
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B; 2 uu

Small BR in SM: (3.2 £ 0.2) x10-°
Sensitive to NP

— could be strongly enhanced in SUSY

* In MSSM scales like ~tan®p

Upper Limits on BR(B —u’ u ) at 95% C.L. at Tevatron
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=== GDF projection

=== D@ projection
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Physics reach for BR(B.,’>u*p-) as function of integrated luminosity

(and comparison with Tevatron)
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Two new results which get a
lot of attention (rightly so!)

Bs mixing phase (from B, — J/y ¢)
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PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

®  Asymmetry in “same-sign” muons from decays of mixed
neutral B mesons:

F(B—q;,"'X) —I'(B—u~X)

I
“ET(B— ptX) +T(B — p—X)
N++ N__ Grossman, Nir, Raz,

Ab = - PhysRev.Lett 07:151801 2006

455 = (—0.957 £ 0.251 (stat) £ 0.146 (syst)) %

A% (SM) = (—2.3708) x 107*
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B.-B, mixing phase ¢, (from B, — J/y ¢)

Sensitive to New Physics effects in box diagrams

" 9= dssmy t Ps np)

g 035
T . — Uncertainties on o(bb)
%j and BRvis(B2—Jhyo)

CDF+DO0, 8fb™' EACH

0.2 —\\

0.15 |

LHCb 3.

0.05 — 231 SM value

5+3.5TeV; o(bb)=219ub

- With ~0.2 fb'' LHCb should improve

1 125 15 175 2
Integrated Luminosity (fb'1)

on expected Tevatron limit

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)

0.1
0.08
0.06

0.04 |

0.02

];_}_‘ I_LE ? < d_s
B’ Nt W
+NP .
d.? met b

| CDF+DO0, 9fb™' EACH

——  Uncertainties on bb cross-section and BR\ris(Bg—»Jhm)

LHCb 14 TeV
o

SM value

s e e by by n o Uyu v by e bew o bew v by by

1 2 3 4 ] 6 7 8 9

10

Integrated Luminosity (fb™)

Experimental Summary and Outlook



Exc:tmg tlmes are ahead of us!

B — .
e :H_'f Z Thank you for your attentlonia .QQ
f \( t

e Cordlal thanks to the organizers/DESY crew for such an
L enjoyable PLHC2010!
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Spares
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ALICE particle reconstruction
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(] Goal is to map ID material to better than 5% (using several methods)
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thickness (in turn used as reference to estimate material in other layers)
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luminosity ratio

Comparing 7 TeV to 10 TeV to 14 TeV...

Ratios of cross-sections at 7/10/14 TeV for

At lower energy it is of
course more difficult to

processes induced by gg and qq (from James Stirling) | produce high mass

objects...
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Luminosity [fb~ ']

Combining several channels in a single experiment
(ATLAS as example, of course CMS very similar)

Combined Exclusion CL

Exclusion confidence levels

PLHC2010, 7-12 June 2010
Peter Jenni (CERN)
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Examples of other searches for new (exotic) physics
(and there would be many more not mentioned now!)
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Technicolour resonances

(Models with no Higgs but a new
type of force...)
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