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CMS

Three separate programmes |}

¢« LHCDb l
« Energy is not a driver (E___=14TeV would help)
¢ 2-3 10°cm=s™
o Stability is key
¢« ALICE
¢ Derive energy for PbPb from pp programme
¢ 10°°%cm=s' max
> Lower luminosity run desired for MinBias
« ATLAS/CMS
¢ Maximum energy obtainable
¢ 227 10%cm=s™
o Maximum obtainable luminosity I

<. All plots are for single experiments %
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CMS

What have we learnt?

¢ The experiments are working remarkably ' l
¢ QOperations, detector performance and modelling

¢« The SM is in great shape
¢ N(N)LO calculations match data very WeII
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Lo, y, Y, W, Z, top, all well- behaved \s[TeV] )
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CMS

What have we discovered?

« Great new /imits, beyond Tevatron on:

¢ g%, Quark substructure o
¢ New massive particles \\\\Q\\\\\\

aa RIMULLE
¢ SUSY a1t

¢« QCD in pp shows some surprises
¢ Track multiplicity exceeded expectations
¢ Long-range near-side correlations 'ridge'’
« High p. forward b jet suppression?

; \\ I
¢« W', Z', lepto-quarks, b', stable heavy particles, stopped ST |
¢« Lead-Lead collisions also gave great interest: !
@\ ¢ Jet quenching

<, ¢ Perfect Liquid model in good shape

i .
‘¢ Jly suppression G PENGE - r a4




B Physics
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Principal LHCb goals in 2011

¢ Spotlight physics measurements:

-

-

"

"

B.—uu search
B. Charge-Parity Violation studies:

B—oK*uu.
> Discrepancy was observed in low mass (q*) uu structure
CPV search in charm system

Unitary triangle studies, especially y

¢ |n each case:

-

-

-

17110

0.1-0.3fb" gives worlds best sensitivity
> Exciting prospects of New Physics discovery

1fb! gives much increased reach

Ultimately sensitivity requires from a few b s EEE@
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CMS

¢ 2010 LHCD results:

¢ coming soon R 20 (615"
¢ 2011 data will approach ~ «{1 — "~ "~

SM b MSSM pe oF (7
¢ Sensitive to e < S |V 035435 m

e.g. SUSY DA

H |ggs i S Exclusion limit @ 90% C.L.

. ~ tan®p

- MA=6OO, tanB"’BO —> S

excludeable e SM prediction sppgeeppr

(™ Need hundreds Of fb_1 |n 00 01 02 03 04 05 06 07 08 LO;b-I)m

direct search
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CMS

Luminosity in pp physics is plleup limited

¢ ~100ps drift time in TPC

Luminosity currently limited to 10°° in pp

> Work to see if this can be increased

¢ Maximum run time needed as limited by pp stats.

¢ Massi will discuss this

PbPb physics will use energy settings from pp

¢ p-Pb is of great interest
© needs RF hardware; not for 2011
° But inject/ramp should be tested

Few days of pp requested at E
¢ See next slide
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¢ Less in minimum bias mode ~ 20% of running |

__=1.38TeV
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CMS

p. spectra in PbPb

Data driven Interpolation — —
900 GeV & 7 TeV :
or using NLO for change in shape e Many measu rements l
7 TeV * NLO (2.76 TeV)/NLO(7 TeV)

<

100/ "NEERENARARNANE compare PbPDb to pp
o ©  mee— % ¢ Biggest error is lack of
0k / " oo 1 pp at 1.38TeV/nucleon
1% ¢ Scale from 0.45/3.5TeV

E ¢ Need dedicated run
© No need to repeat for 4TeV

= ¢ In this example
E-—— ¢ Solid red is head-on I

. PbPb collision
10-80_ | | | | 5| | | | | 1|O | | | | 1|5 | | | | 20 H C/f pp (grey)
p. (GeVic) urray STEC/RAL 9 |

1N, 1/(27 p_) (dN,) / (dn dp.) (GeV/c)?




High energy frontier
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Effect of raising E_, .

S g v ¥ v T 7T vrrr] v v v ]
ratios of gluon-gluon luminosities:
8TeV/7TeVand9 TeV /7 TeV

(i.e. increase Iin
production rate)

WJS2010

N

w

luminosity ratio
(W)

— . MISTWEDDBM
10 _ 100 000 =
b physics Higgs Mx (GeV) SUSY Z' W'

¢ 8TeV: 10% to factor 4 increases S T
¢ Doubled for 9TeV ﬂJames Stirling

¢ Higgs increased by 30% @ E ﬁﬁ@
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CMS

What physics will we do?

¢ A few personal favourites

¢ Electro-weak

¢ top

¢ SUSY

¢ New Heavy Z' or W'
« Higgs (g
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CMS

W bosons

¢« WW measurements have begun in earnest
© Amazing agreement with >10°E

D imi —+— Data s=7Te
the Standard MOdeI g ATLASPFE'IITIII’IHI‘}' :”[Li_’il‘_:!:ﬂ{di 7 TeV)
> Over orders of i10° =P
magnitude 8. ol E?’f
¢ These will become g )

precise tools in 2011 [ra=ssps’ 3

« Measure m, i
¢ A key piece of the 10

standard model 1 ..
¢ The only particle 0 20 40 60 80 100120140160180200

whose mass is ETS [GeV]

=) predicted by Higgs'
v < theory %
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"
Cug:ggt meﬁt% $7Ipr01ects%([:-]p¥c§ggJ c§g mstwpg)gtj?éllhc/xschons?TeV htm l
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¢« Aim for 1000 x - T T

. 170 = N WELiah st =

times data - e i ' -

¢« 8TeV gives \ iy N — E

40% top 150 - X B ® MSTWO8 -

¢ Pins down gluon e ﬁ RN -

140 = - A A NNPDF2.0 ]
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oig (M2
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t-channel

ATLAS Errors, Errors,
projections 1fb" 5fb-

t 68% 32%

¢ Important test of model and detectors
¢« Only seen at Tevatron in 2009

¢ Wt channel visible only with 5fb™

¢ Errors ~ halved by increased dataset

Wit

1t © Signal rises 20-40% passing to 8TeV E
W.Murray STFC/ 15 CMS




Searches
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o= 500 T T T T T [ T T T T[T T T T [T T 11 ~ T~ A _
> CMS preliminary B COF ¢ 2, tanf=5, u<0
Q — [ ] DO g,9, 2.11fb", tanB=3, p<0
O™ 450 \'s=7 TeV —r
~ Hadronic search, 95% C.L. curves oy

= 400 tanp=10, A =0, >0 [l LEp2 [

0 = |

£ . g(I000jGev -

L=1000 pb' "<y

%,

0 100 200 300 400 500 600 700 800 900 1000
(GeV)

Aam « Limits far exceeds Tevatron

SUSY - W.Murray STFC/RAL 17 |




e I. | .I [ | L | | ~ P 1 -
CMS preliminary B CDF g, 2fb", tanB=5, p<o

\/§=7 Tev I:I DO E!El 21 fb.1r tarﬁ=3l N<0
Hadronic search, 95% C.L. curves [ LEP2 E
tanB=10, A =0, >0 [ LeP2 [

g (I000jGev ]

s

L=1000 pb' %,

% 5
g450
Er4

%,

0 100 200 300 400 500 600 700 800 900 1000
m, (GeV)
¢ Limit with 35pb-' matches prior

expectations for 100pb-’ %
- W.Murray STFC/RAL 18 |




mMSUGRA: tanp = 3, Aﬂ= 0, u>0 L™ =35 pb”', \/5=7 TeV

4UOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
SUSY Iower Ilmlt O 7Tev E : A'l"LAS I|3relimir|iary l —Ob;ewed Iimi'lt E
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L, b
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m > O 7TeV \\\\\\\\\\\ Expected limit 16 = _|
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0 e B 2t
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T ; [ 1Do%, 1,
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e coas " qullw:h
o i i e e

it
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M gy =510 X LO'25
Can go beyond 1TeV

[P
provided : @@
>5fb! and Vs=7TeV T?j
or £>1fb! and Vs=>8TeV
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| !
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SUSY potential
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Can go beyond 1TeV
provided :

£>5fbt and Vs=7TeV
or .>1fb?! and Vs=>8TeV
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Events / 100 GeV

10

I
N> 4 b) |
° Data E
Background
Uncertainty -
............ M,=15TeV, Mé‘:" =3.0TeV,n=6

s My = 2.0 TeV, M =30 TeV,n=4
o My=30TeV, M =30TeV,n=2 ]

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

lllll

- CMS, 35 pb” :

10’ \s=T7TeV

oo b b e e

1000 1500 2000 2500 3000
Summed E_

Black holes would
decay to multi-body
states

Examine the energy
spectra of these

No sign of deviation
Exclude black holes
with mass below 3.5-

4.5TeV
¢ Model dependent

Sr(GeV) ¢ Future gains

from Ebeam %
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Heavy W'/Z’

0 10°g L L B B B L =
= § cMS v E
¢ There may be new heavy Z,W goi] o mw
> Would indicate new forces 10°f ST Dowes ]
¢ We already learnt 107} R
o> m,>1.36TeV and M_>1.14TeV od B TS
¢ 2011 should probe to ~2.5TeV [
« Each 1TeV in E_, . halves the P W
10°5""200 400 600 800 1000 12061{400
data needed My (GeV/c?)
E: ; ATLAS Preliminary (simulation) E: ; ATLAS Preliminary (simulation) . -
:g 104;_ 95%CL Limit Z'—» ee o i g 10° £ 95%CL Limit W ev =y . E
E = I= C 7 a ]
3 B i 3 10° =
10° = ; .
- : 102 =
, 7 TeV - -7 TeV
3 =8TeV ] 10 =8TeV
( - o« .~ 9TeV - % + 9 TeV .
05 B I -3 7 T35 3 b5~ 75 2z 25 3 35
Z Mass [TeV] W’ Mass [TeV]
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on
LI LA N L L

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSecti
LA B B B L UL B

S 10°F
¢ Latest Higgs :

cross-sections for T|
aluon fusion g
LHC z

il

[Pb]

-

TeVatron~ :
¢ At least a factor 107G, $
10 advantage - S

O O OB BT R
M, [GeV]

¢ Backgrounds to WW,yy are from quark-antiquark I

@mannihilation — they should collide pp in Fermilab,

ot pp, to reduce these!

- W.Murray STFC/RAL 23 |




CNAS,

¢ Impact of energy g 25 oo
s i i
© Mass NI OTeV/7TeV .o

¢« Red/Black are

most powerful
¢ 30% gain for

¢ 60% for 9TeV M., [GeV

O S

E —

g |

Lo

O - 6/ _ IN T

: B 2 ’

¢ Production mode & | ]

% i . __._._-_-::-‘"""ﬁ, .

o

@)

8TeV

15;1/,_EW

1 1 /\ 1 I 1 1 1 1 I L 1 1 1 I L 1 1 1 | ] 1 1 1
100 200 300 400 500 600

Region 114GeV to ~200GeV is the
most interesting
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¢ ttH, WH, ZH useful but hard

H—-ZZ

¢ ZZ—llll: Golden mode A T—

¢ ZZ—llvv: Good High mass % J\bb -

¢« ZZ—llbb: Also high-mass £ | — _
H—WW s 10° S
o WW—lvlv: Most sensitive

H—yy .

¢ Rare, best for low mass 7 :
H—-TT \

¢ Good s/b, low mass,rare . N L
H 15 b b 100 200 300 500 1000

M, [GeV]
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ATLAS H -y V.

N N
ey e | o ATLAS fitjustto |
Saoofty, 117 Ns=7Tev %E{EZL””’“’E Mass spectrum
5250 —a E ¢ Signal shown x10
5200 moere 1 © SOome uncertainty
> ©  overrate

e R
00 105 110 115 120 125 130 135 140 145 150
M,, [GeV]

¢ Could do multi-dimensional analysis using:
¢ p,, njets, Higgs decay angles, resolution

¢ Previous studies showed 80% more powerful I

¢« A 50% optimised assumption taken here s gﬁ@
- W.Murray STFC/RAL 26 |




Photon yields

¢« Photon = T AARREARRALERARS
: : = 10°E ATLAS =
Kinematics & ag . Data2010,J.Ldt=880 b’ 3
are §-103 s ---- luminosity uncertainty ]
> = = —— =
. = — JETPHOX NLO pQCD =
described 5 F - -
E - —— CTEQ 6.6, uf:uF=1.tR=Eyr 7
by 1 02 _ —— JETPHOX systematic uncertainty__
simulation ——
¢ H— A% are - \s=7TeV . |
likely to b e E
IKElY 10 DE - E° <3 GeV -
too. L -
Lo s by s by s by s by oy s by s by ey Ly T

20 30 40 50 60 70 80 90 100

El [GeV]
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v HardeSt 103 - : : R
: : : :CMS: Preliminary: Oct2010
point is b% " Projected 95% CL Limit on 6/cg,
lowest mass SR spiaTey e vwameo
¢ 5channels s | e " Vibbyboosted - VBF(WW) > 2120
E B - VBF[T’E}_’ v TZZ:: 4 ,
at 120GeV 5 (| ) T leaee 2o
¢« H-yy best. o | e
S
Xy
(9

200 300 400 500 600
Higgs mass, m, [GeV/c?]
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Compact Muon Solenold

)
A

—
o

Significance of Observation (o

o)) o)

~

N A T ! — | b @ 7 TeV

| QM:S :Pre!lmlnary: Oct2010 7 g 7 TeV
(A U T S R S A — 5’ @7 TeVv
_ ......... - ....... ;5‘* ...... ..... S — — 10fb'@ 7 TeV .
S LOETAN 1fb'@ 8 TeV
2fb'@8 TeV
5fb’ @ 8 TeV

[ H
¥ :
¥y M
» LN
----------
---------
wt iy ¥ ", 1.‘ :
1, L)
L] L]
------

nta
Ry
.-" ::::

N

Prolected éSiéghific:ance of Obser'éfationé

o

200 300 400 500

Higgs mass, m_ [GeV/c?]
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]

—

J’Ldupb

1200

1000

400

200

0

boson

T S

.................................................. B g e — ]
— 7 TeV :
+8T V PrOJeC'“O'nS .................................................................................... __
=9 TeV -

11 1 I IIIIIIII I L1 1 1 I L1 1 1 I | I | I L1 1 1 I L1 1 1 I L1 1 1 I | I | I
150 200 250 300 350 400 450 500 550 600

m,, [GeV]

« 8TeV: Need only 80% as much data
¢ Less for a high mass Higgs

@, . O9TeV 60% of data suffices
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ATLAS Preliminary (Simulation)

"""" e By N[5 TV e e 80 OpiN 528 FeV- -
: 5 —A+ 95% CL\s=8 TeVl g :

—_
O

Q0

PRI Y R P . Y e T

- I < o 1 L - T T e PUp PR I .

9))

Integrated Luminosity, fo”

\Y)

N
T T[T T T [TTT[TTT]

.
=, .
*e

120 150 200 300 400 50
my [GeV]

5fb! at 8TeV gives 3o for 114 to >500GeV 5 gi i@
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CMS

“ The Tevatron is stll 5 —*=emenacss— |
UnnIng | E==cmm ~
¢ They will announce 3" f== B -
improved Higgs L\ =
results in Summer

and Winter
¢ Each new set uses 1
better methods

0 2 4 6 8 10 12 14

< Hard Work payS Off | Integrated Luminosity (fb™)
¢« We will work hard too CDF Higgs at 160GeV
— given some data I
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CMS

¢ Analysis can be further optimised
¢« We will do our best to improve the sensitivity by
Improving our analyses

« But every 0.1fb™ or raising E ., helps

¢ Estimated sensitivity region, assuming 8TeV:
2fb 5fb 10fb"

118-500+GeV Any Any

¢ Nb: LEP limit m _>114;

= ] ¢ Tevatron excluded <110 and 158-175GeV;
U . o Aim for 2.40 in 100GeV-185GeV by end of 2011
- W.Murray STFC/RAL 33 |




« Compare E,___=4TeV with 3.5TeV
GainatE,__ =4TeV

W' Z Half data needed

top 40% more top quarks

- W.Murray STFC/RAL 34 ﬂ




CMS

¢« LHC Physics analyses producing results beyond l
the most optimistic expectations
¢« Thanks to all the LHC people who made it I
possible
¢ In 2011 we are envisaging two orders of
magnitude more data than last year
¢« btb! at 8TeV should give ATLAS/CMS
¢ at least 30 Higgs evidence PER EXPERIMENT
o 30% more for every TeVin E . I
I

¢« At 7TeV we need ~61fb! for 30
¢ Possible SUSY discovery up to 1.2TeV
¢ More in combination

- Huge potential in so many other places

- W.Murray STFC/RAL 35 |
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Summary 2012

¢« Running in 2012...
¢ Assumed order of 10fb!

¢« LHC combination will offer over 50 I
sensitivity to all SM Higgs |

¢« Two years before going to 14TeV would

¢ The luminosity from a 2 year run will
¢« Allow exploration of TeV scale ASAP
¢« Provide huge scope for analysis in the long
year(s) of the shutdown for energy upgrade

¢ In next year or two, together, we will
schange the physics landscape
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Backup
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Exclusion

s _
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i
85% C.L. Limits
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CMS

H—Dbb

¢« VH analysis from 14TeV note (W,Z—ll,Z—vv)
¢« ATL-PHYS-PUB-2009-088
« Boosted Higgs > 200GeV p.

¢ Extended mass scan done for ZH
¢ Kinematic cut

Q [T g L LN B IR LRI LR
Z= ; .
effICIenCy allowed z%m 10 — L vs=7 TeV PI'C']EC“CIH -
. . c  F 0 e ’ 4o
for in scaling S ILd“ fo
5
o
m
A _
- - -+ \H-s bb
GI |:|i 1o
ﬁ [:li 20
o
ATLAS F‘rellmlnary {Slmulatlcrn}
107 L

W m[GeV] I
W..Lv.l.ull.u_y ML L N/ ANL YNV DV |




CMS

Compact Muon Solenold

H—-> WW

¢ lvlv from PUB ATL-PHYS-PUB-2010-009
¢« NNLO cross-section improve performance

¢ This is a rather safe analysis (no NN..)
¢ Counting expt.
¢ In bins of n jets

¢ Backgrounds under

study
o CONF-2010-092

S
|
T
l
z
2

\vs=7 TeV Projection —

I L dt=1fb"

95% CL Upper Bound on o/ciy,

ATLAS F"rellmmary.lr {Slmulatlcnn}
il T

10100 110 120 ‘ISD 140 150 160 ‘I?O ‘IE!-D 190 200 )

my[GeV] I
W.1v1u11'ay DI/ INAL 4V |
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2010: Example from ATLAS

¢ A great year for measurement papers

Charged particles multiplicities at 900GeV
Inclusive jet and dijet cross-sections
W—lv and Z— Il cross-sections
Underlying event characteristics

Charged particle multiplicities at 7TeV
Production cross-section for W bosons with

¢ © & ¢ © © © © ©

¢ Jet shapes in inclusive jet production

The top quark pair-production cross-section
The inclusive prompt photons cross-section

¢« No so good for discovery papers

¢ Search for new particles in 2-jet final states

¢ Search for quark contact interactions
e Observation of a centrality dependent dijet asymmetry in lead-lead

collisions

WV~ search for dijet events with large missing tr

jets
Centrality dependence of J/y yields in lead-lead |

(QY)

ansverse energjgggjﬁ
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H to ZZ—- Il

o ZZ-|
¢ Count single bin
¢« 1fb at 7TeV Gives
limit 1.2xSM at
m, =200GeV

¢ Very clean

b
o
TTTT

-y
LR

\'s=7 TeV Projection

I L dt=1 fb”

o ~ZZ Only bkd i ATLAS Prellmlnary {Slmulatlc-n}

95% CL Upper Bound onoc/cg, -

above 200GeV 10} 05450200 250 300 350 400 450 500 550 800
¢ Also Zbb below my[GeV]

¢« No real candidates in 2010

G®pe: ATL-PHYS-PUB-2010-009 é
ICE - W.Murray STFC/RAL 42 |




¢« ZZ—llvv
¢ Full 7TeV analysis
¢ Clean trigger
¢« Ztollis pure

—h
o
TTT

95% CL Upper Bound on c/cy,

¢« Ztovvrequires Z 1
has.some pT - HoZZ— Iivy Ns=7TeV o
¢ Contributes most . 5;‘; JLdH b -
at h|gh Mass 10706150 200 250 300 350 400 450 500 550 600
(~400GeV) o

¢« ATL-PHYS-INT-2010-117
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