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Experimental Status of the Standard Model
Strong Force
Flavor Sector
Electroweak Symmetry Breaking

Searches for the Unknown

The beginning of the new Era

 The Large Hadron Collider and it’s Experiments
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Not really! i

Mass hierarchy -.
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Status of KEKB and Belle:
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Attack #1: ™,

QD &N

Attack #3: electroweak
Symmetry breaking

Attack #2:
flavour sector

Attack #4:
new physics searches




The Strong Force
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Impressive measurements at Tevatron
e Data agree with NLO QCD over 8 order of magnitude

Early physics opportunity at LHC

* Already surpass Tevatron with 10 pb-!

M. Martinez
M. Dunford

QCD+10% jet energy uncert.
Compositeness (5TeV scale)

Compositeness (3TeV scale)

| Jetn|<1, 10pb~

pol 1w

Vs=14 TeV
CMS Preliminary
Gen-Level Simulation
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Gluon Density M. Martinez

New Gluon (MSTWO8) (hep-ph:09010002)
New MSTW anulysis: _ G|uandistrihutianat_u?=1_1}'-:;.!:.;? |

- Using CDF Kt and DO Midpoint
= CDF and DO data consistent

« Data dictate less gluons at high-X NG
« Reduced gluon PDF uncertainty Note that is not "I} :
» Reduced gluon-driven cross sections a small effect ‘

Gluan distribution at 8° = 10" GeV*?
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New comprehensive analysis by Martin, Stirling, Thorne, Watt
(MSTW): arXiv:0901.0002

e Gluon reduced at high x due to Run2 Tevatron data

* Reduces e.g. H->WW cross section at Tevatron by ~15%




Very early LHC Measurements

Moraes et al EPJ C50, 435 (2007)

& JIMMY43 - UE
| PYTHIAGA16 - tuned

LHC Predictions

Skands:
e LHC: N=12.5+/-1.5
e for p>0.5 and |eta|<2.5
e CDF: N=3.17+/- 0.31
 for p>0.5 and |eta|<1.0
Critical for tuning MC
 MinBias interactions
e Underlying event

P. Skands
M. Dunford

PYTHIAB.214 - ATLAS
PYTHIAB.214 - COF tune A
PHOJET1.12

pp interactions

® LIAS and GDF data




Top Production

_ D@ Runll

= tfi R=1

tff R=0.5

= tt R=0

Background

1 Jet 2 Jets 3 Jets 4 Jets

#® Data(L=09f")

95% C.L.
68% C.L.

CDF btagged (2.8 b ):
7.0£0.4(stat)£0.6(syst)z0. | (theo)pb

Top production consistent with
QCD calculations

e Theoretical and experimental
precision comparable

DG Runll = preliminary August 2008

I+jets & dilepton & tau+lepton® He 783 .:;. T TRy

I+jets (b-tapged & topological, FRL)

dilepton (topalagical

I+track (bisggedy
1.0
tau+lepton |b-tagged)

tau+jets (b-taggea) N

0.4 ft
alljets -tagged, PRO} ®
4 by

R M. Cacrian ef@l, afXiv.0804 2800
o 'J_“'" N. Kidonakis @hd R Viogt, arxiv DEDS. 3344
CTEDS B
5 Moch and Bl Uwer, arXiv 0804 1476
LI

0 2 4 6 8 10 12
o (PP —tf) [pb]

D® combined (0.4-2.2 b'):

7.810.5(stat)£0.6(syst)£0.5(lumi) pb

| | L=0.9 fb’
-

‘08 09 1 11 1.




Top Production at LHC

CI'#'IDS_PrEIim_inary | |
) pp/pp cross sections
60} — =10 " pmm~
000 ———— 50? -“E,’m”; 5 —— PP PP —
i : _ 10 |1 o '_E_ E
-:ID,:— I B 10 l’ E j, -
30} . 0t = -
20 . _ 107" % -
10 10 pb IﬂHg '
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90% at LHC 0 B : L 5 L 3 >rﬁ 10 ;.'I ] Ty :%: o
jets 35 Sy }'-"k ™~
1075 o) "> 100Gev)”
w“‘é N
: . ' 104) .
Factor 100 increase in cross section
5 Sy 7 ’ P ’
» Backgrounds increase less: better S/B 0 G N
. . 10 I Cpigas M1 50GeV \";J:J,_\
Establish top with 10-100 pb-* | -
. Af CHiggs My=500GeV)
 Important milestone on road to new 0o o o o

physics discoveries
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Y(3S-15) Hi = '
Y(2P-18) - on
D, D —_——— CLEOQ-c
Y(1P-15) HilH
1‘:\ lD_ l 5 :I l-._| -~ Lattice(HFQCD+UKQCD)
I L
i| Q 1 1 ) : Lattice(FNAL+MILC+HPQCD)
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spen Feb 122009 CLEO-c Results lan Shipsey

Tests of Lattice QCD L. Shipsey

Comparison to LQCD

CLEO f{j, consistent with calculations

CLEO f},, (and Belle & BABAR) higher
than most theoretical expectations

CLEO f},, is ~2.3c above the most recent
& precise LQCD calculation
(HPQCD+UKQCD).

Ds leptonic decay width could be
modified by new physics ex:
Dobrescu and Kronfeld arXiv:0803.0512

The difference between expt &
HPQCD+UKQCD could be due to new
physics, unlikely statistical fluctuations
in experiment of lattice calculations or
systematic uncertainties which are not
understood in the lattice calculation or
experiment. BES IIl measurements are

eagerly awaited.
27

Impressive precision: lattice tested to ~1% in many cases

New measurements of f; and fy, by CLEO-c




Flavor Physics




Unitarity Triangle M. Graham
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= New result by BaBar for angle o from B*—p*p?
o 0=92.4*0  degrees (7% precision!)

= New result by Belle for angle  from J/hpKO,

* sin2p=0.642 +/- 0.031 (stat) +/-0.017 (syst)
o Still statistically limited!

= The triangle closes perfecitly!




Direct Measurement of V, EERCrg

CDF and DIB th‘"‘th Cross SECtion CDF Run Il Preliminary, L = 2.2 '
! ~ ™ & [ channals .
SI;I'FﬁDeclsiqn Trees : o 24 _Sf ob E wug All .rmi_ sl
i - w I o ..
o + 1-I1-l:|: - | |
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2.7 | rop 27 0.7 pb 1201 30 : == - u:':.?-
| 1m:| n -
CDF Meural Networks | +0.7 : £ CFE e _
COF | e 217 5o | 5.10 exp. significance o Hﬁ . CDF all combined |3
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CDF Likelihood Funcs. | . 20908 o 3.70 obs. significance 6o JrTHJr. ”]T+H b :
o I o g
27t | 1 0.8 0.66<|V,|<| at 95% C.L. a0 P L §
CDF Combination +0.7 20 Z
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: O 0.1 02 0.3 0.4 05 05 0.7 0.8 0.5 1
D@ Decision Trees : * 48" op Newral Network Qutpur
09fb =14
]
GD;éJfr'Sqtfix Elemants : o 4.8 jtj ob E 1|:|53:E{E'}I - DO 0.9 fb'
| =] E
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S;Ha Eaﬁyeala” MNs : o 4.4 +:j ob ’ E *i .t-l:hannEI
' ! B E = 10 B Wit
—_ L { )
oo Combination | [ o | 47713 by 0=47113pb 5 BEE e Wijets
PRD [ 13 © . - |Multijet
I - 1 e+ channel
| - . g 5
N Kidonakis PRD 74, 11402 2008) .| 2.30 exp. significance . i 1- ??balacis-
Z Sulivan, PRO 70, 114082 (2004) . g e
wilvan. - RE “‘T -' 3.60 obs. significance [ T
| 10— - | IR —
July 2008 0 5 10 0.68<|V,|<Ilat 95% C.L. 0.6 el s 0. !

tb+tgb Decision Tree Output

o (pp — th+X, tgb+X) [pb]

Awaiting 5sigma discovery of single top production

« V,, consistent with 1.0
« Similar precision expected from LHC with 1 fb




. - c R .Jesik
CP violation in B, system [N

unitarity ViaViy + Vead Vo + ViaVi, = 0 Vs Vo, + VeV, + ViV, =0
relations:
A ViV | g
¥ -\_\._‘.\- | P
for “"--\._\ [ljr-l:l g
itari ViaVin| /@7 % ™ VW Voye] £ __
unitarity o SO VE |2~ [~ o) =1 Ny (10)
triangles: I ‘ Vel 3 P,
"' 1=0 -
L f B=¢ very small CPV phase B, of order
{00 (1,00 2 i i
R. Jesik, ASpen‘uy »<accessible in B, decays 27

Predicted to be tiny in SM [T e |
e CDF and DO both see non-0 ) 62 oL | e
value at 2o level in JApd - SN sl . New CDF
angular analysis -- :: 7 S b+ cor . reSutnot
« Combined: 2.70 TN == | combination
. iti 2N |/ palue=003 |
cogory avating uises
LHCb will measure SM angle [ S —

with 10 fb-! at 3o from 0 671% [rad]




L. Winslow

Neutrino Mixing
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Consistent picture of neutrino oscillations from solar,
atmospheric, long baseline and reactor experiments

New generation of experiments about to come online:
e Long baseline: T2K (now) and NoVA (later)
e Reactor: Double-Chooz, Daya Bay and Reno

Sensitive to sin%260,,=0.01
e Order of magnitude better than current limits

L=

g
sin‘e,,,
sin2013<0.056 at 30 = sin?20;3<0.21




Electroweak Symmetry Breaking




Tevatron W Mass Measurement

PDF's and uncertainties on the W mass measurement

Source W — iy W — e Common COF Il preliminary It-f.r--wb"
Lepton Seale 17 30 17 o e,
Lepton Resolution a3 0 0 > " _'"':
Lepton Efficiency 3 0 5 15000 W © data
LePTon o CleNey 3 (U] I‘ N MC
Lepton Tower Removal b & 5 0 i L background
o P . |
[tecoil Encergy Scale ] 0 *] -
Recoil Encrav Resolutio - - _ > 00 11
Rl e S_\_\ LESIN AN LRI i - - J— 1
Lackoround 0 2 [Nl g T @ L
PDFs 11 11 1 | O 50007 TP T "
W Boson T 3 3 3 - .
Photon Radiation 12 11 11 iy | [”‘*H.___L.
Statistical TR <> TR (7 80 % 100
ota Gl &Y 2
Lotal " 02 2 m,(ev) (GeVic?)

CDF, 200 pb-1 (PRD 77, 112001)

* Expect most uncertainties to scale as 1/sqrt(L), studies in progress confirm this

* For 2 fb statistical uncertainty ~ 11 MeV/c?, same as current PDF contribution

* Improvement in PDF uncertainties will reduce total error on W mass

P. Murat, Aspen Winter Conference, 2008/02/09

JE -
3 Fermilab

P. Murat
N. Neumeister
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- L E
é K D@, L=0.75 fb'
I Ef>25 GeV
02— Er=25 GeV
~ CTEQ6.6 central value
0.4 __ ----- MRESTOINLO central valoe
’_ CTEQ66 uncertainty band
06 = L | - | |..1.|.
0 0.5 1 1.5 2 2.5 3
l
o '
D025 |
= i . .
= [ CMS preliminary }
— |
:";E 0.2 MO Simulationrn kS
@ =2
> 4./*/'/ :
w015 -0
— J/P
2 -
= . !',,H}'
g 0.1 = ___i:__r_+_.+- :
= - Tt i
ol L.
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or)
i

Morbert Neumeister, Purdue Universi

Expected precision for Run 2: ~14 MeV (current world: 25 MeV)

e Relies on reduction of e.g. PDF uncertainties

e Important: W charge asymmetry measurements from CDF and DO
e Can also be made at LHC with ~100 pb-?




W,S at the LHC N. Neumeister

W Mass Measurement

W—puv

NeEr-s>

f\g 4000; T L LI l'Illul Ihl-l1 I T T | mTT Icllm;; ; I III.I I lII T I T I_f y ..
mSSDDE =P reliminary J | . Rescaled distribution of electron p; in CMS (1 fb™):
2 - B Wy . o S i A A - T
- QCD —p X ] ::Z_ "o — . ] ot W coenned
;3‘3“”: B s X o
— C Z=pu 3 000
52500 Wty =
- o | =% 1. 7] s000
© 2000F - oo
] - ol bbb e b Lo bl . AT P =
Z 1500_ 0.7 D..B D.ﬂ. 1 .1 12 13 'I;-'I;:.E: 'IMS ®0.2 803 80.4 B8O SDEM“I:S(\‘D!;TV_
- * Uncertainties [MeV] in electron channel (CMS):
1000¢ | 1fb' 10 fb!
500F Statistical 40 15
- _. n Experimental 40 20
0 20 40 60 80 100 120 140 160 180 200 PDFs 20 10
M, (GeVic?)
Improvement on the accuracy of current W mass measurements!

Record ~6,000 W’s/pb-1 per decay channel at 10 TeV

e Early cross section measurement with ~5% precision

W mass competitive with Tevatron with ~10 fb-"



Z.Ye
Top Quark Mass e

Top Quark Mass — Template Method Tevatron Top Quark Mass

o 90 '__1‘ W 22 :dﬂ'
] Y 2 'y p
3 80 + fag: 347 evenis  SUES > f: Tagged B2 events  SMEE
; mn ® Data ; 1€ ] « Dala
";5 6¢ [ signal+Bkgd E 14 [sianal+Brgd - =
H b 2 Bikgd only i 12 & Bkad only
40 10/
30 2
20 4 y CDF i Preliminary (3.0 fb")
10 2
e e o, T ]
ot 50 — 200 250 300 350 f— p = 300 350 - -
m=e (GeVic) A (GeVie’)
G 80 ( G
= 1-tag: 347 events 3 18 Tagged: 82 events
& 70 & 16
2 e = Data ; 14 « Data
£ ignale Bk B +Bkg a
[signal+Bgd E 12 [ signal+Bkge
z iz X\ Blekgd ony 20 Bl Bkgd only CDF- IEan”'JEtE' . 1'||'EI'1 5 5.1 - 5.3
8
30
o ,
2 . D@4 lepton+jets —— 1801 + 39 + 36
10
gt i o e : : 7] s
0 90 100 110 50 100 150 200 250 300 -
o) D o COF-Il lepton+jets 1722 £ 1.0 * 1.3
172.5 £1.6 (stat.+JES) £ 1.1 (syst) GeV/c? 169.0 £2.7 (stat) + 3.2 (syst) GeV/c2

1+

15215

Combined: 171.8 + |.5 (stat.+JES) £ I.1 (syst) GeV/c?

32 ZYe 2/10/2009

-
D@dla leptontjets * ~i- 171.5
=i

DE-lb lepton+jets * 173.0

I+

13 £ 1.7

COF-l alljets 5 18560 + 100 4 57

New CDF measurement i | o o e
reported using template :
method

e All measurements agree

14

Fevatron Average * o 1724 £ 0.7 £ 1.0 GeV

Uncertainty only 1.2 GeV 160 170 180 190
LHC competitive with ~1 fb™" L ey




Electroweak Precision Data E&SiS:

— direct (10)
indirect (10)
all data (90%)




J. Pursley
L. Zivkovic

SM Higgs Searches

g t o J OV
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o E ]
] t Y ) o _ g
10f 3, ~— S m, = 175 GeV 1106
- AR e 3 1
T S A ~_ CTEQM &
o 1 E ~——— 4107
a W.Z e o FGG " e E
W, 7 2 B, ) B T a4 v
10 1 L 410° S
' . .5
107 F ~ 10~ %
) >
- . - - - .._. - m
10" F M. Spiraetal J0.6F=e HED e e LTSI 102
. F N aco ‘ = "3
1 1 1 e, S Ll L i L L L L L L WP T v
1Uﬂ 120 140 160 180 200 0 200 400 600 800 1000
M, (GeV)
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/ 4
{ )
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Tevatron and LHC searches RSGEER o ) High mass >
W wa ,“/f
 Low mass: "\ V

bb

e Tevatron: W/Z+H(—bb)
e LHC: gg—H—yy, VBF H—1t

* High mass: -89

e Tevatron H-WW* T X \\ |
e LHC: H-=WW* H—ZZ* v NN

10-5‘ 1 1
100 120 14 160 180 200

Complementary search channels m, [GeV]

24



Evidence for WW/WZ ->lvjj EREE

Normalize all backgrounds except W+jets to : — —
NLO/NNLO cross sections, S ac :

B Diboson Signal

T Wjets

let W+jets normalization float I SH
- =3 Multijet
fit M(jj) spectrum with no signal hypothesis i

1-CL, = 2.5"10*-4 => 3.50 (1-sided)

e

A
— - — """'"-h-h_._.__._'_._
T e e

*  Allow signal (WW/WZ) rate to float: P e Mass Gev)
g(WW+W2Z) = 18.5+2.8(stat)+4.9(sys)+1.1(lum) =

B-Only LLR
— &5+B LLR
= Observed LLE

DO, 1.1 ! —+- Data - Background

B Diboson Signal

— 1 s.d. on Background

=
k-
J
[=]
—
L.
15}
P
-
=

11 I B
20 40

}]

IR

Data-MC

stat. & syst.

Dijet resonance seen in W+2jets (4.6sigma)
e Important milestone on the road to the Higgs




Tevatron Higgs Searches EEZLNE

. = I‘.l[‘lil Aiipary, Li=1.0- ""I]'- —”‘| gryved Lyt
CDF Run I Preliminary, L=2.0-2.0 fh W e L I —
- = NU Higet Combbinat -.t mwnin Eypdered Limi
= 1 ; i =T bk e
. - el I=Lr
U1 ettt AR L e Expeoted = i _“l‘ ) L
= - i Expdeted X2-5
= =  [hscrved i PRt
= i N
— B tio 3 | l
=10 +7 5
r T A
R
[V ]
=3}
5M _ Standard Model = 10
la 3 15, AR |_

(OO0 110 120 130 140 150 160 170 lE'D 190 200
nerLEfL}

III_II_lII
1300 T4 1500 bode 0 a0 19 200
rnH|KMNVuH

1o 1o 120

)

Limits are factor 2-5 above SM
cross section

Future:

e 95% exclusion up to 190 GeV

e [fit’s not there

e 30 evidence at high mass possible

e And with luck maybe at low mass 0 10 50 100 @ 0 180 ¥
JHH ey )

L
i
]

7 fb

: T
\

Luminosity/Experiment (th

e 50 very very difficult



High Mass Higgs Boson EE&is)
"
Tevatron High Mass Combination

- o
Tevatron Run IT Preliminary, L=3 fb

| = ]-CLs Observed

L | i | ILl~ Expected
Observed C | ; ‘Expected £1-0

B : ; ' ' ‘Expecied £2-6

S — %L

Expected

Tlo

ja—

Q0% C.L.

>
7 9]
:é
]
—
@
N
Yo'
o))

SM . . . 130?"1”8'5 190 195 ;
July 30, 2008 m,, (GeV/c?)
155 160 165 170 175 180 185 190 195 200
m,,(GeV/c)
m Combine CDF and DO results into an overall Tevatron
Higgs limit
Calculate both Bayesian and CL_ limits
February 10, 2009 J. Pursley, Aspen 2009

Expect news for Moriond: more data and updated theory!




Higgs Search at LHC
Conclusion o

significance

A TLAS . CMS 2006
Preliminary NLO cross sections
Systematic errors included __.i

Luminosity [f!:u"]

—
o
T

N
e B

—— H—yy cuts

o~ H—yy apt
o HZZ 4l -
—— H-WW-—=22v

Luminosity fpr 5¢ discovery, fb

R ! ]
200 300 400 500 Gé)ﬁ
M,.GeVic

120 140 160 180 200 220 240 260 280 300
m,, [GaV]

=>With 10 fb-' (normally considered as one LHC year at low luminosity),
50 discovery for my € [~120, ~500] GeV

=>With -2 fb”' we can first say something the H-> WW channel

Requires [Ldt = 1-30 fb-! depending on mass for 5¢ discovery
e 20 achieved over full mass range with 2-4 tb-' (maybe 20127?)




Searching for the Unknown




» SUSY signatures (model dependent)

— Cascade dECHVS X q~' LSP escapes detection = missing £,
— High P; Jets /.

— Isolated Lepton(s) p I _g'i P
— Missing Transverse Energy (E;MS5)

Look at transverse missing energy
(and not overall missing energy)
because hard scattering reaction
usually has longitudinal boost

“Typical” SUSY decay chain at the LHC

Searches at Tevatron ongoing in many final states
Vast discovery potential at LHC!




Latest Hints from Space

Pamela e+ results

e o
W

o(e") 1 (o(e™y* ofe" )

Positron fraction

(].'3‘1)1

X 10 100
arXiv:0810.4995v1 [astro-ph] 28 Oct 2008 Energy (GeV)
Accepted on Natire

Lot’s of theoretical work on understanding if
ATIC/Pamela are signal for dark matter

 New experimental signatures at colliders proposed
e Large cross section and clean signatures!

* More data expected soon to clarify situation further




o 24 D@ Preliminary, 0.96 fb™ 1, b i n G
% (e) Inst. Bkg. ] 22;_ éi"p\ . ]
(0] DO.L=11fb" Diboson "“j - Zovw + Jals = . i
E“JE 3 T z"hf, »ee 'E E W w222 E E 2 O fb'1
- WzZy > @ 18C = :e'r Jats g F .
2 SNl o 165 223 Signr Eoroa
c E w 0= 1]
2 * Data 147 ijl:
w 10 — Signal A 12E
1 - Signal B 10 L
Ty E : |
18 6 )
i N 4k Ll
N 2F L - i
10 B 5% % 100 200 300 400 500 600 700 80O 800 0
H- (GeV) JJTHT (GeV)
Reconstructed Stop Mass, B-Tagged Channel %1[)2 LR B T L T -. -D-ata- T E
E 25 Mi'=115 GeV CIOF Aun I Prafimingy 27 i - data w r Dﬂ, 2.3 fb -Z,."I’ *. Y 1
= M =105.8 GeV o eel selection
- : ' Bl stor i0LBR =0.18) — 10} I Multijet
| M =43.9 GeV e 4 ~— E I i
L:-:: 20 t P Toe (M=172.5 Gev) -uE" I W+jetly -
— 7 & Hagwy Flas E 1— EHWW,EZ_
15 B T M wz E
Z + Light Flavor CJsusy 1
10 O — 107" flsusye2 :
- Fakes :
| 107
I 3

200 250
t Mass (GeV)

300

Tevatron SUSY Searches KaEES

C.OF Run [I Preliminary, 2 f"

j T T T
. Dala
C———1 QCD with fake §,
SM with real Fy
T Mon-collision
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1 mass=440 GeV, ifatime=0 ns

Nothing found yet
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SUSY Limits
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Limits set both in physical masses and in GUT scale parameters




0 500 1000 1500 2000 2500 3000 3500 2000
Effective Mass [GeV] 200
Not all models found. SU2 has low cross-

section and so not found with 1fb-"

Excellent discovery potential
e Cross sections >1,000 times the

Tevatron

e Discovery could be fast (2010/117?)

e Background understanding critical

LHC SUSY Discovery Potential ERE
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Rare Decays: B—tv

C. Wagner

Semileptonic B tags only (B=>D’l v)

F -
/>
s BELLE

Events / 0.05 GeV

.!r}’.!!ﬂ Jirjjl » T | ( ‘l”._,:g ) I'rl_].j.._l ] 2
BR(B, — rv)™ Mz ) (1+E,tan 3)

BR(B, — tv)™P = (1.41 £0.43) x 107", (Belle-Babar)

SM

BR(B, — v) = (1.09 + 0.40) x 10~*

New result from Belle: (1.65+0.52)x10-4
e About 1o higher than SM

Severely constrains mass of H* at high
tanf

e Far beyond direct limits from
Tevatron and LEP

H* Mass (GeV/c?)
g

2

. LA e R

| LEP Ex&:hfde.d (95% F.I ) | y

20 40 60 80 1008
tan B




A very light pseudo-scalar Higgs: a°

K. Flood
I. Shipsey

New searches by BaBar at
Y(3S) and Cleo at Y(1S): RE:
o Y—aly £
e No signals found and severe
constraints set

II|III
0.5

non—singlet fraction (cosé,)

e 200 1630508-0UU/
: ' —
= 1 6y e
= All Masses - e wr RO
\ r— continuum
= | I.if] ijiﬂ T Y(1S) data
~ T Preliminary 100
E - . +«—— pzi(23) veto | \
P I J ] | ' ™ 300 500 700 1000 3000
M “ | f M, (MeV)
| Ak A%—pp
' _~  tanf=10, u=150 GeV,
T T T T 9 1073 grerprrer
I (LW K

J. Gunion et al.



Beyond SUSY




Many Other Possibilities...

J. Thaler

Strong Dynamics/ (V") — vpw
Compositeness? (

fan 1 C . L g
{\?I;.-'?I;'-' 1} — H — UpwW

Higher Dimensional  gp—&~ SM
Structures?

M. ~vEw  Loclity

C. Csaki

, / LHC predictions
Su persymmetry: { @}  Bosons & Fermions (Birkedal, Matchev, Perelstein)

QO The KK gluon is a perfect resonance decaying into top pairs. But it was \ o e
produced by a light quark initial state. What happens when the coupling : Mies00 ey [eos0}<0.990 .
to light quarks is too small to use as a production mechanism? Tt h - e
QO A possible signature has color octet (and/or singlet) vectors which couple £ E ”
strongly to top quarks, and perhaps negligibly weakly to light quarks. =S artners £ o é 108 J‘\ o
O A color octet vector can be pair-produced purely by QCD. A color “, oo ~ | e oo —
singlet needs to be “radiated” from a top quark. 1 bt ] 102 i o
%, 5" (GeV)
‘:"'LHF WW - Ww WZ—WZ
; - LSPpas 1L

e
octet only octet or singlet

SM htffg('h

GDM',I-_"_ -

*WW scattering not that different from SM
*WZ scattering is very different (new peak!)

M. Neubert

Rare B decays: Purely leptonic moucs

SM leptons

T. Plehn

Sgluons at LHC

Factor ~10 enhancements possible in rare Bis — p"u~ modes without
violation of Z—s bb constraints. Effects largely uncorrelated with |ex|

Production easy [P & Tait, CDKKPZ]

— pair production via SUSY-QCD
— single production at one-loop

O BD/PP—GGIG+X) [pb]
No CuLs, 1o decaj.'

SM: B(Ba— prp7) = 1.2-10°10,
B(B;— ) = 39-10°

light-flavor quarks: gagg =0
heavy squarks: gggg mg;’m%
left-right squarks: gggg reduced

= stop pairs with new color factor

= minimum of 5.5- 10 for 5¢
discovery by LHCb, 2 fb-!

W 95% CL upper limit from CDF
B(B: — pp)<58-10-°

® consistent with quark masses,
CKM parameters, and 95% CL
limit of Z — bb

10
BBy - ) 10719

700 1000 2000
m[GeV] Bauer et af, paper in preparation




New Physics in Top? i- Xice

CDF 1l Preliminary
o ' I I ¥ T ¥ 1 ¥ E
: SM Expectation CDF Run 2 (2.8 fb") ]
— 10 L e [ sM uncertainties " Preliminary |
g - T n nnF||nn:g,I| =27 104F _
f;i N :L —— m(t)=300 GeV ]
£ 'F 101 :
= : 3
LS,
5 i t observed
107 = ot 100k t
- top
| M M M L M M R w+jﬂt5
0 200 400 60O SO0 1000 1200 1400 10-1k QcD . . .
Unfolded M, [GeV/c?] 0 100 200 300 400 500
in Randull- — na el
Vi @ 95%
Sandrum model |[</M_>0.16@95% CL Rare top decays

* Flavor-changing neutral currents:_

S e a rC h eS fo r : Lfsrllsaﬁllrrj I?ragr;itBsgnr:ﬁfwzliatios
around 10%
e Resonances

« Heavier partners (t) _4 _< _é

. ATLASI: look for top pairs with
one rare decay

* backgrounds are 17, W/Z + jets

No evidence for BSM yet I e

® LHC WI” probe Wlth hlgh g%é)ljshi?nnel - refine using likelihood N ’ ’ ! J}ﬁm_)wf
precision

BR(t—qZ)

e Rare decays

ATLAS : improve gy limit to 7 x 10*with 1 fb?




. S. Pranko
Dilepton Resonances [y

COF Il prefiminary Jra-2an’ CMS: after selection
. ] I I — I o CLS T I r——e

- "Data
All SM BG —
| | redet Wadel, Di-jet BG 2

| | ¥ B

I
CMS Preliminary -

events / (3.5 TeV/ic?)"

o Results 3 IR i, B
- Data agree with SM predictions Tooi: oo
- 95% CL Limits on — Mee (GeV)

* Spin-0 Sneutrino Main backgrounds:

: 2"!"_; Es MOde.I: Drell-Yan (irreducible)
pin-e =5 graviten ttbar, W+jets, QCD (reducible)

Tevatron mass limits up to 1 TeV (for SSM Z')

e Depending on couplings of course

LHC will probe 1 TeV with ~50 pb-
« 2 TeV with ~200 pb-!
Many other searches ongoing and planned




Some cracks in the Standard Model but

no smoking gun yet

o S




The Beginning of the Future:
LHC startup in Sepember




September 10-12th 2008

B POTES§ Acq MR Time 40K with £HE Tees Ee el ook =102
= QA dhw Bumd Gemcle Tese mieke el ) ) 5|
[C o] 8 [] [t ot v ][] i ][] il =0

First beam circulation broadcasted live on TV worldwide

Worked very well: accomplished within <1h
e Beam captured soon after




LHC incident and plan
|

Sector A12: A15R1 — C19R1: Dipole
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LHC repair ongoing
New schedule: run from Nov. 2009-Oct. 2010 at 10 TeV

» Accumulate 200 pb-! for experiments




First Beams in Experiments [ehSicy
M. Chamizo Llatas

R. Jacobsson

20080910 0037 e
jeometry: <default Atlantis

lo Stream oz

ATLAS 2008-09-10 10:19:10 CEST eventlivs

eS
L1Ca

&dﬁ Experience with First Beam

LHC Media Day - September 10
a

o Contrary to what we wish for the future, the splashes were Highly Desired Events!

Run 33062:

6 events with ~50

tracks/event
o

= Sector 1 7

halo rate{Hz)

first beam event seen in AT o Also allowed commissioning ‘safely’ B

o 2 ) 10

5h l i |
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Used by collaborations for calibration:

e particularly for timing of subdetectors



Cosmics in ATLAS and CMS [t

K. Maeshima

n 1
Cosmic events recorded and processed by ATLAS since Sep 13, 2008 _*\—I
T f B=
g 220 e Sum of RPC, TGE, MBTS L1 Triggers 218 milion svents -------- —%—
‘E 200 & | — RPC Triggers (L1) \
e - Baottom "Dowmerard' RPC Triggers (L1) i
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After incident running cosmics " 5000 [ araspreimiay

o
6000 Fixel Barrel

Impressive performance achieved: 4000

* Much better prepared for LHC beam next 2000
time |

¥ residual [mim]

* Physics will come much faster!



Standard Model after
next experimental attacks?

EE USGS Photo by Harry Glicken, September 10, 14980 7




Final Words

Experimentalists:
e Good luck that

e Your experiments will (or continue to) work
e Your analyses converge quickly

Theorists

* We will need your help and inspiration
e In understanding the backgrounds
 In inventing and understanding the signals

Thanks!



