Concluding remarks

Keith Ellis - Fermilab

"From a long view of the history of mankind - seen from, say, ten thousand years from now -
there can be little doubt that the most significant event of the | 9th century will be judged as

Maxwell's discovery of the laws of electrodynamics”
Richard P Feynman
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%k Aberdeen had two universities
King’s College, established in 1495
by papal bull and Marischal College
established 1593, a protestant
institution, for the training of post-
reformation clergy.

sk Maxwell was professor in Aberdeen
at Marischal College (1856-1860)

sk Worked on the stability of Saturn’s
rings.
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Seven TeV Ladder

sk The huge dynamic range
of SM processes that are
accessible at the LHC in
this run.

%k Scale is in femtobarns -a
good couple of weeks for
the LHC

sk Branching ratios to
observed final states are
not included.

%k In the V+jet channels lots
of theoretical work left to
do.
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Diboson physics

%k Important test of the gauge T

2%k Photon cross sections defined with 108
a minimum cut

B ] T | IR
structure of the electroweak theory e s
: 1z
%k close relationship in many channels 108 |
WW,ZZ, vy to the Higgs search § j
5 | 7Y
%k where appropriate, the Branching _ N — ;gi’?
ratio into a single flavour of lepton &, ot L |2y
has been included. >k

Wz

W Z

122

pr > 10 GeV(Vy), M., > 25 GeV(y7)

%k All of the processeswill be . 8 9 10 11 1z 13 1
accessed with the data sample of Vs [TeV]
this year.

4
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Adding in the SM Higgs boson
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Controlling (irreducible) backgrounds is the
Major Issue for Higgs searches
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Standard Model Higgs - bad news

%k

*

95% CL Limit on c/c,,

No convincing sign of the Higgs
boson so far.

Excluding the standard model
requires more than 95%cl (5 o?).

Exclusion limits may not hold for a
fermiophobic Higgs.

You don’t get to stop at 1 (ie o=
O'SM)!
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Standard Model Higgs boson - Good

%k Three components of the
Higgs field have been
observed already - they are
the longitudinal modes of the
W,Z

%k Exclusion limits are so far not
In disagreement with limits
from precision electroweak
data.

%k Were the Standard model
Higgs boson to be found in
the piece of the low mass
region that is not excluded at
95% cl, there would be many

modes to study- good news
for LHC.
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The Maxwellian Heritage

3k The standard model is based on the principle of local gauge invariance.

* Full standard model is based on SU(3)xSU(2)xU(1)

1 y .
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The Higgs Model

%k The Higgs model transcends the
Maxwellian paradigm.

%k Introduces a new field coupled to i o N2 2 1t
the weak interactions by a gauge V(¢ gb) = A (gb gb) —H ¢ gb
coupling, but with self interactions
given by a new non-gauge

interaction of strength A. M H =V 2\

sk Longitudinal mode (Goldstone
boson) scattering

V72 . w w  w w w w
1V S
4 M. % s—M 21 t—M EI "'--:_I a / HE
(W2 ()’ |
= -4 [)\ . ] .
N s — 2 \v? * t — 2\v?
w w w w o w w

%k Higgs boson tames the bad high
energy behaviour of WW scattering.
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Higgs scenarios with smaller
Cross sections relative to SM.

%k Composite Higgs: pseudo-Goldstone
boson from a strongly-coupled

sector at higher mass. G =mt/vy/1— €
% Top Yukawa and Coupling to Vector _Y9yvv o
bosons both reduced with respect = gt 1-=¢

to the standard model.

%k Therefore cross sections are
reduced with respect to the

Standard model couplings. , ,
Contino et al,arXiv:1002.101 |

sk Observation of the scattering of
longitudinal modes is extremely
challenging at the LHC@14TeV.
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Interference in Higgs—WW production.

sk For various reasons only
diagrams (c) and (d) contribute.

%k Separating out the Breit Wigner
for the Higgs we can isolate the
real and imaginary parts.

mygl' gy
2 212 L 2 T2
(8§ —my)* +myly

(8§ —m%)
(8 —m%)2 +m%T?

50'i — mt {Q.ATHiggsAl’;ox} +

%k If we integrate about the
resonance the real part is odd
and will vanish, (if no other
dependence on s)

%k the imaginary part that remains
IS proportional to the width.
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Campbell, Ellis, Williams, arXiv:1 107.5569
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Loops and legs (circa 2007)

4
3
Loops
2
|
0
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QCD beta a.nomal.ous pp — pp —
, dimensions, , :
function WiZ+ljet, WIZ+2jet,

form factors :
ete— 3jets e'e — 3jets



Loops and legs - 201 |

4

Loops

2-legs 3-legs 4-legs 5-legs 6-legs /-legs

PP ™ - —
pp—~H  ppPW/Z . PP PP
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NLO revolution: Ingredients

sk Application of unitarity to the
calculation of one loop diagrams.

%k Improvements in traditional
techniques for Passarino-Veltman
reduction.

%k Generation of one loop integrand by
parametric fit, (in dimensions)

sk Automatic procedures for
generation of graphs and the
consequent integrands.

%k Automatic procedures for the
generation of counterterms to
Implement the real virtual
subtraction.

sk Tabulation and numerical
implementation of all integrals.

Bern, Dixon, Kosower,..Britto, Cachazo, Feng...

Denner, Dittmaier...

Ossola, Pittau,Papadopoulos.....Giele, Kunszt, Melnikov,...

Stelzer, Long....Nogueira..

Glesiberg, Krauss.., Frederix...

VanOldenborgh...RKE, Zanderighi....
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NLO revolution:

Wjj invariant mass NLO + parton shower
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MadLoop & AMC@NLO

%k The dream of automatic NLO
calculations is becoming a reality.

%k Based on a Feynman diagram
technique, supplemented by OPP
reduction and FKS subtraction.

%k It remains to be seen how the
computing time will scale with the
number of legs, and what practical
limitations of this approach will be.

%k ldeally one would like an special
iInterface to the cases where the
corrections are known analytically.

sk Will allow a detailed examination of

low multiplicity cases that have so far

only been treated approximately, (eg
beyond the resonant approximation).

Process 7 nig Cross section (pb)
LO NLO

a.l pp—tt Mitop 5 123.76 £0.05 162.08 £0.12
a.2 pp—tj Mitop 5 34.78£0.03 41.03+0.07
ad pp—tjj Mitop 5 11.851 £0.006 13.71£0.02
ad pp—thj Mitop/4 4 95.62 +0.01 30.96 +0.06
a5 pp—thjj Miop/4 4 8.105 +0.002 8.91+0.01
b.l pp—= (Wt =)efr, mw 5 5072.5+2.9 6146.2+9.8
b2 pp—= (Wt =)etr.j my 5 828.4+0.8 1065.3 £1.8
b3 pp—= (Wt =)etv.jj my 5 208.8+0.4 300.3+0.6
b4 pp—(v*/Z —)ete myz 5 1007.0+0.1 1170.0+2.4
b5 pp—(v*/Z —)ete  j my 5 156.11 +0.03 203.0+0.2
b.6 pp—(v*/Z —=)eTe jj myz 5 54.24 +0.02 56.69 +0.07
cl pp—(WH —))e+1/eb5 mw + 2my 4 11.557 +0.005 22.954+0.07
c2 pp— W+ )etvtt  mw +2my,, 5  0.009415+0.000003  0.01159 0.00001
c3 pp—(v*/Z —)ete bb  mz+2m, 4 9.459 +0.004 15.31+0.03
cd pp—=(v/Z =)ete tt mz+ 2Myop 5 0.0035131 £0.0000004 0.004876 +=0.000002
c.5 pp—tt 2Myop 5 0.2906 £ 0.0001 0.4169 +0.0003
dl pp—-WTW~- 2myy 4 29.976 0.004 43.92+0.03
d2 pp—-WTW—j 2mwy 4 11.613 £0.002 15.174 £0.008
d3 ppoWHW+jj I 4 0.07048 +0.00004 0.1377 £+ 0.0005
el pp—HWT mw + myg 5 0.3428 =0.0003 0.4455 +0.0003
e2 pp—HWHj mw +mg 5 0.1223 +0.0001 0.1501 +0.0002
e3 pp—HZ mz +myg 5 0.2781 £ 0.0001 0.3659 +0.0002
ed pp—HZj mz +myg 5 0.0088 £+ 0.0001 0.1237 +0.0001
e5 pp— Htt Miop + My 5 0.08896 £+0.00001 0.09869 4 0.00003
e.6 pp— Hbb my+myg 4 0.16510 %+ 0.00009 0.2099 +0.0006
e7 pp— Hjj my 5 1.104 £0.002 1.036 +0.002
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Still MAD after all these years...the anatomy of a

successful software project.

1992: Murayama, Watanabe,Hagiwara: Helas Libraries for Helicity

k

k

Amplitudes.

1994: Stelzer and Long, Madgraph: Automatic generation of tree level

amplitudes.

2002: Maltoni and Stelzer, Madevent: Generation of events,

integration over phase space.

2007: Madgraph 4, Alwall, Demin,Visscher, Frederix, Herquet, Maltoni,

Plehn, Rainwater, Stelzer : extension to BSM models, web interface

2010 MadDipole, Frederix, Gehrmann, Greiner: Automatic generation

of Catani Seymour dipoles.

Madgraph V, Alwall,Herquet,Maltoni,Mattelaer,Stelzer..., Python
implementation, extension of capabilities for number of external Legs

* 2011 Madloop....

* 2011 MadFKS....

* 2011 AMC@NLO...

The benefits of open source!

Concluding Talk- Keith Ellis
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http://inspirebeta.net/author/Alwall%2C%20Johan?recid=753279&ln=en
http://inspirebeta.net/author/Alwall%2C%20Johan?recid=753279&ln=en
http://inspirebeta.net/author/Demin%2C%20Pavel?recid=753279&ln=en
http://inspirebeta.net/author/Demin%2C%20Pavel?recid=753279&ln=en
http://inspirebeta.net/author/de%20Visscher%2C%20Simon?recid=753279&ln=en
http://inspirebeta.net/author/de%20Visscher%2C%20Simon?recid=753279&ln=en
http://inspirebeta.net/author/Frederix%2C%20Rikkert?recid=753279&ln=en
http://inspirebeta.net/author/Frederix%2C%20Rikkert?recid=753279&ln=en
http://inspirebeta.net/author/Herquet%2C%20Michel?recid=753279&ln=en
http://inspirebeta.net/author/Herquet%2C%20Michel?recid=753279&ln=en
http://inspirebeta.net/author/Maltoni%2C%20Fabio?recid=753279&ln=en
http://inspirebeta.net/author/Maltoni%2C%20Fabio?recid=753279&ln=en
http://inspirebeta.net/author/Plehn%2C%20Tilman?recid=753279&ln=en
http://inspirebeta.net/author/Plehn%2C%20Tilman?recid=753279&ln=en
http://inspirebeta.net/author/Rainwater%2C%20David%20L.?recid=753279&ln=en
http://inspirebeta.net/author/Rainwater%2C%20David%20L.?recid=753279&ln=en
http://inspirebeta.net/author/Stelzer%2C%20Tim?recid=753279&ln=en
http://inspirebeta.net/author/Stelzer%2C%20Tim?recid=753279&ln=en

Campbell, Ellis,Williams

MCFM (Monte Carlo for FeMtobarn processes)

* MCFM represents a unified approach to NLO corrections.
http://mcfm.fnal.gov  (v6.0, May 2011)
J. M. Campbell, R. K. Ellis, C. Williams (main authors)
(R. Frederix, F. Maltoni, F. Tramontano, S. Willenbrock, ....)

3%k Next-to-leading order parton-level predictions.
%k Cross sections and differential distributions.
%k Standard Model processes with vector boson+jets, photons,top quarks, Higgs.

3%k Decays of unstable particles are included, maintaining spin correlations.

%k One-loop amplitudes calculated from scratch or taken from the literature.
3%k Public code used a proving ground for other approaches.

%k Cited by more than 300 experimental papers.
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MCFM: a NLO parton level generator

Vector Bosons pp—=>W/Z

Vector Bosons pairs op—vy, Wy, 2y, WW, W/, 2/

Vector Bosons +jets | pp—=W/Z+1jet, W/Z+2jets, W/Zb, Wc, W/Zbb

Top pp—ttbar, tX(s-and t-channel), tW

Higgs pp—WH,ZH,H,H+1jet,H+2jets (g-fusion+VBF)

All spin correlations in the decays of Bosons taken into account

Concluding Talk- Keith Ellis 20



New Processes in MCFM v6.0 and v6. 1

#* Higgs boson production in association with 2 jets (infinite top mass limit);

* Single top production calculated in a four-flavor scheme;

* Top pair production with decay;

* Production of massive quarks, in association with a W-boson;

* Photon fragmentation functions, with inclusion of the yy, Wy, Zy processes;

* Wy and Zy processes including radiation from final lepton lines and
anomalous couplings;

% Photon + jet production;

% Vector boson pair processes, glue-glue initiated loop contributions.

Concluding Talk- Keith Ellis 21



Campbell, Martin,Williams,
arXiv:1105.4594

MCFM Example: W+2 jet exclusive events

Process o 1tb] | o™V [fb] |Ratio (NLO/LO)

W +25 [4984(8)7 0 |5132(24) 57 1.03

Contrlbutlng ProCesSSES all Z+2j | 213727 | 216() 5 1.01

calculated with MCFM at NLO WW (= qq) | 142204)5% | 221.9(4)+6% 156

W Z(— qq) | 27248)1 2% | 41.8(1)* 2% 1.53

ZW (= qq) | 5.11(2)* 30 | 8.02(D*S% 1.57

tt (fully-£) | 48.54)* 357 |59 —1—4(8)+8% 1.23

llll|llll|llll|llllIlllllllll- tZ(SCllli-e) 991(7)4-;:5 917(8)+11‘7: 0.93

Total Single ¢ (s) [25.92(4)F197%| 35.6(4)*3% 1.37

¥+J°ets Single £ (t) | 61.0(1)°%,, | 49.41)71% 0.81

op
Z+jets

Diboson

NLO prediction for myy using CDF

cuts

do/dmy [fb/10 GeV]

200 250 300
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W results from the Tevatron.

CDF sees an excess,.. whereas DO sees none
‘© ZUUr _ ”Q 300; D@. 4.3 fb’ —+— Data -+Bkgd
O - Gaussian - % F (b) —— Bkgd * 1 s.d.
o O 250- B Diboson
?\g’ WW-+WZ (all bkg syst.) : % 2005»_ ---------- Gaussian (4 pb) :
C po- = M, =145 GeVic
L% £ 150F

100 > E

R

_5(5_,, : e ki I R W S U DO Y Yl [ L W
50 100 150 200 250 300
Dijet Mass [GeV/c’]

1 1 | 1 | I |
100 200 GeVic] % Analysis is a by product of
ﬂ

diboson search in the Wjj

rrrrrrrrprrrryrrr o r o r e e r e e e rrT

g soooé— ATLAS Preliminary E:"wz _é Chaﬂﬂe|
.‘g moé_ J Ldt=1.02f" O v E
g TNEE L e 3 % Diboson signal is necessary
e ST = prerequisite to get in the game
3 N > 2jets * (Atlas not there yet).
ot E % Both collaborations need to
g JE = analyze and publish the full data
g ;:E ;;{-o-.-o_._._._... ettt Tyt _._M*‘M"'H-F""_gfw Se 'tS

0 50 100 150 200 250 300 350 400
M, [GeV] Concluding Talk- Keith Ellis 23



Comparison of CDF and

DO results (by CDF and

Signal Hypothesis p-Value

[U—

[ Expected *1 s.d.
[ Expected 2 s.d.
oo Expected

<

— Observed

Pk (SN | Prd
S <
(98} [\

<
S

05 1 15 2 25 3 3. 4 45 5

Signal Cross Section [pb]

sk Comparing fitted cross sections

DO)

%k DZero p-value for excluding 3.1pb
cross section signal is 3.30 or 510

%k Cross sections above 1.9pb are
excluded at 95%CL

%k o(DZero)=0.4-84 4 pb which is consistent with zero within 0.5 o

% o(CDF)=3.1%984 5 pb with significance of excess 3.3 o

%k Values of cross sections are 2.5 g apart having a 0.6% probability
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Top quark mass

% Why would one want to measure the top
quark mass?

%k As a fundamental parameter of the
standard model??

% As an input to precision electroweak
calculations?

% As an input parameter in a Monte
Carlo program?

%k It is important to remember that the top
quark mass is a scheme and scale
dependent quantity.

%k With the metric provided by the standard
model Higgs bounds, the top quark is
well known compared to the W-mass.

% In normal units, Tevatron combination
mi=173.2+0.9GeV, mw=80.420+0.031GeV,
W-mass is much better known.

%k Oomw=40MeV, omt=1GeV.

80.5 July2011I

1 1 I 1
— LEP2 and Tevatron
-LEP1 and SLD

68% CL

-
-®
-®
-
-

-
-
--------
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Top quark mass

%k The physical amplitude cannot have a
pole at the top quark mass; colour
conservation forbids it.

%k Therefore any measurement that relies on
the fact that perturbative amplitude has
such a pole is not controlled by short
distance physics.

% Measurement of the mass of a coloured
object (the top quark) by examination of
the colour neutral decay products is
inherently ambiguous by Aacp and these

remains true even if the top quark decays
before hadronization.

Concluding Talk- Keith Ellis
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Top quark mass

%k They two common masses for the top
quark (pole mass and MSbar mass) differ
by of order 8 GeV!

ta,(m

Mpote = m(m) (1 + O(8 GeV))

a,(m)

+8.28 (
(s

%* In many ways the measurement of the top quark mass, is similar to the
measurement of the b-quark mass from B-hadron decays.

%k It is important to have measurements that are based on short distance physics,that
are interpretable in different renormalization schemes. Most current measurements
do not belong to that class.

Concluding Talk- Keith Ellis
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Alternative top quark measurements

%k By the end of the year both major
LHC experiments will have 10°
produced top quark pairs

%k It is appropriate to consider new
methods.

%k For example, the spectrum of
charged leptons from top decay is
sensitive to the mass of the top.

%k At a hadron collider we can look at
the charged lepton pr distribution.

1/0 do/dpt

Lepton transverse momentum

spectrum shape for

0.015
0.010 F

0.005

_ mt=165,170,175

1 | 1 1 | |

0.000 vt
0

25

50 /5 100 125 150

pt [GeV]

o0 I I I

49

48

<pr>[GeV]

47

46

lllllllllllllllllllllll

I l ! ! I I I I I I I I I I I |

Average lepton pr vs top quark mass from LO QCD. —

|lll|l|lll|

l | | | | l | | | | I | | | |

165 170 175 180
m,[GeV]
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Lepton pr measurement

sk CDF arXiv:1101.4926

%k Treatment based on Pythia, partially
upgraded to “NLO” by including initial
state radiation.

%k Hence theoretical treatment is not as
good as it could be, and since it does
not yet include higher orders, nnot
sensitive to the top mass
renormalization scheme.

*k mt=176.9 +8.0 (stat) + 2.7 (syst)

2
=
(¢b)] !
2 £
w150 4
‘..
100 | “l
° 160 180 200
M., (GeVic?)
50 h\ ® CDFlldata, 2.7 fb™? |
\ ==== Background fit s
\\ — Signal+background fit |
! ~
O A A 1 1 "
0 100 200 300

Lepton F’T (GeV/c)
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Top quark measurement from total cross section

sk Attempt to use the total cross section
measurement to determine which mass
we are dealing with.

%k Parton distribution and scale
uncertainties included in coloured
bands.

sk Measurement of the cross section
requires specification of mass for
Monte Carlo

Theoretical prediction | mP®® (GeV) AmP® (GeV)

MC mass assumption |mM€ = mP?® mMC — M
NLO [12] 164.81%7 -3.0
NLO+NLL [13] 166.515 % 2.7
NLO-+NNLL [14] 163.0152 -33
Approximate NNLO [15][ 167.5%52 2.7
Approximate NNLO [16]| 166.7153 —-2.8

DO, L=53m"

fan
b
| TN
—tieey
.-

Top qua'f pow (Ge‘m
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ttbar Asym
CDF resu

Experimental results are intriguing, but unfortunately statistically limited.

metry

t 0.15+0.05, 5.3fb !
DO result 0.196+0.065, 5.4fb!

Order for
asymmetry [os?| os® | as* | od Xs°
calculation
ttbar - 5% ? ? 7 Kuhn, Rodrigo
ttbar i
. - ‘77% ‘1 8% r? i m(;ieurzewer
+1 Jet, pT>20 Datr;[d Wei’ngierl
ttbar+2jets, e
J B B B _1 03% _46% gaolldoéaoulos,
o1>20 Worek

Melnikov and Schulze (arxiv:1004.3284) have an argument that the tt
asymmetry should not be subject to large uncertainties
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Radiation zeros (Wy production)

%k Consider the scattering
scalari(p1)+scalara(p2) -> scalars(ps)+Y(Q)

* Photon emission amplitude is  j75¢ — Qs Dy - € — Q1 Dy € — @2 Do - €
pP3-q P19 P2 q
M3 =0 if all Q;/p; - q are the same.
cos 0% — Q1 — Qo
Q1+ Q2

sk A very beautiful interference effect, sensitive to
the magnetic moment k of the W boson.

%k Standard model k=1.

Brown, Sahdev and Mikaelian, 1979
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Wy

%k Treatment of WYy requires the

inclusion of all diagrams. — _

% The separation into ISR and ! , |
FSR is not a gauge invariant - -
concept. (a) (b)

% In a theoretical calculation we
can drop diagram (d), if we
Insist that the Iv has exactly the
mass of the W, (the narrow

width approximation). (c) (@)

%k The difference between the full ) :
calculation and the narrow Decay | Cuts | 0'(e*vy) | a"O(etvy) | 0"C(e77) | oM (e77y)
Wldth iS blg, fOr Standard No FSR || Basic v 4.88pb 8.74pb 3.15pb 6.01pb
photon cuts. Full Basic v 23.0pb 30.1pb 15.5pb 21.1pb

%k One does not have the liberty to
rescale diagram (d)
independently (as | think was
done in Atlas publication
arXiv:1106.1592).
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Wy

%k We can compare our NLO prediction (basic
kinematic cuts) with a 10 GeV isolated photon

oNEO(pp — WA 4+ X) x BR(W — ) = 51.272 pb
%k with that reported by CMS

oM (pp — W+ X)x BR(W — fv) = 55.945.0 (stat)+5.0 (sys) 6.1 (lumi) pb

*k Need a cut on transverse mass
of system to observe SM
radiation zero (black curve).

o do/dn

%k Otherwise final state radiation >
(blue curve) obscures radiation
ZEero.
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Atlas treatment

sk MCFM contains the full
NLO calculation,
including radiation from
the final state.

%k The Atlas publication
arXiv:1106.1592,
contains an attempt to
include final state
radiation using a
separate code.

%k One does not have the
liberty to rescale diagram
final state radiation
diagram independently

sk The differing treatment of
diagrams in a gauge set
most likely violates
gauge invariance.

(a)

(c)

Results from arXiv:1106.1592

(b)

(d)

Experimental measurement | SM prediction (Atlas) | MCFM

o4[pb] 1106.1592 ofd[pb] 1106.1592 oi4[pb]

pp — ety 544+0.74+09+0.2 4.7+0.3 4.1+7
pp — pEvy 444+064+0.7+0.2 4.9+0.3 4.3+7
pp—ete y 224+06+05+0.1 1.7+0.1 1.5+7
pp— P pTy 1.44+03+03=x0.1 1.7+0.1 1.7+7
o[pb] 1106.1592 o[pb] 1106.1592 o[pb]
pp — ety 48.9+6.6 8.3+ 1.7 42.1 +£2.7 31.£7
pp — pEvy 38.7+53+6.4+1.3 42.1 +£2.7 31.£7
pp — ete 90+254+21+0.3 6.9 +0.5 6.6
pp— ppTy 56+14+124+02 6.9 +0.5 6.6

MCFM results without theoretical errors (+5%).

Concluding Talk- Keith Ellis

35




Maxwell’s grave

PARTON

Drive carefully

Burial place of
James Clerk MEVAE

e Foa
Photo Richard BaII

Maxwell is buried at the NV end of
roofless old kirk in the old graveyard
SE of Parton Church, near Dumfries
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NNLO: The new frontier

50

37.5

25

12.5

0

B Papers with NNLO in title

1995

1998

2001

2004 2007 2010
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Top:NNLO

- | T
* Motivations: VAV A ?ﬁi k

3k Scale dependence is dominant error at

LHC _

%k Top quark asymmetry

3%k Standard candle for gg flux at the
Tevatron.

%k The components of a NNLO calculation
are:-

%k 2-loop virtual corrections (V) Expectation is that the quark-quark
component will be complete this year

% 1-loop virtual with an extra parton (RV) (including asymmetry)

%k Two emiited partons (RR)
* (VV)- known completely for numerically ggbar, leading colour for gg:-

%k RV Soft current now known

* RR complete
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Fermilab Future

Origin of Mass

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model

% Neutrino Physics Energy

3 @
/ Proton Deca l = |
QO - Intensity

Cosmic

r.
\
i

Across frontiers

2011

Tevatron
LHC

MINOS
MiniBooNE
MINERVA
SeaQuest

Pierre Auger
CDMS (15 kq)
COUPP (60kg)
Axion

Accelerator R&D
Detector R&D
Computing R&D

2012-2014

LHC

NOvVA
MicroBooNE
MINERVA
SeaQuest

Dark Energy Survey
Pierre Auger

CDMS (15 kg)
COUPP (500kg)
Axion

Accelerator R&D
Detector R&D
Computing R&D

2015+

LHC + LHC Upgrades

ILC or CLIC or Muon collider

Project X
NOVA

LBNE
MicroBooNE
MINERVA
SeaQuest
Mu2e

g-2

neutrino factory

Dark Energy Survey
Pierre Auger

CDMS (1 ton)

LAr (1 ton)

Darkside

LSST

BigBOSS

Axion

Accelerator R&D
Detector R&D

Computing R&D



—nergy Frontier

%k Although Tevatron will shut down on
Sept 30th 2011, we are not
abandoning the energy frontier.

sk Tevatron analysis will continue for
many years.

%k The LHC (accelerator and
detectors) is the biggest investment
in HEP made by the US since the
70’s. We will exploit it fully.

sk LPC Physics center located at
Fermilab.

sk Contributions continue to be made
in R&D for future machines, ILC,
CLIC, Muon collider, LHC energy
doubler.
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Intensity Frontier:Neutrinos
Nova building and 15KTon

%k v Standard model: Pattern of neutrino masses and detector chematic
mixings. | { &

%k MINOS, Nova, LBNE

%k v beyond the standard model: the search for sterile
neutrinos and anomalous interactions.

%k Short baseline: MiniBoone-MicroBoone

%k Long-baseline: MINOS, Nova

% Neutrino physics measurements as a probe of nuclear
structure and support of oscillation experiments

=—=1||| ‘ll”i‘,:i' I‘:.jv
| i i W=l
* Dedicated experiment: Minerva m = HHHH“},'?‘”'
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Intensity Frontier: Rare processes

%k g-2:anomalous magnetic moment of

the muon x20 statistics

%k MuZ2e: direct muon to electron

conversion - huge sensitivity to
NP:Single event sensitivity below

10-16

%k SeaQuest: nuclear physics Drell-Yan
process to study the structure of the
nucleon in the nuclear environment.

Fermilab I

. g-2 sensitivity

con [T

o fioes

con [

o (SO
10 100 1000 10000 1602 160CCo0 7
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Long Baseliﬁe Neutrino Experiment 5/@)\

Program for the next decade SN IR L » L

%k LBNE - Long baseline neutrino experiment
(baseline 1200km) to South Dakota

%k Neutrino mass spectrum (mass
hierarchy)

Nebraska

%k Matter-Antimatter symmetry

IHliImois

%k Neutrino anti-neutrino differences e Collaboration: 306 members
58 institutions (6 US labs) and 5 countries (India, Italy, Japan, UK, US)

. ] ‘ Continue to grow! -
%k Project X - Megawatts of continuous beam BT M
a world-leading facility for the intensity

frontier

* >2MW to LBNE

Neutrinos

Recycler / 2 MW

Main Injector
120 GeV

%k Kaon experiments
B g oo omonie o
%k Rare muon decay experiments

%k Applications to spallation targets and
ADS (sub-critical nuclear reactor,

. 0.75 0.75
accelerator driven) MW - MW
Nuclear M°w Muons

%k Front end for muon collider or neutrino Kaons
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Conclusions

sk No sacred cows were slaughtered
iIn Mumbai.

%k But the cattle are in the barn,
bleating quietly. For some of them
the end may well be nigh.

%k The fun at the LHC has begun and
an understanding of QCD is a
fundamental part of it.

sk We will progress faster if we
%k Make software public

%k Increase experiment -theorist

communication before publication.

sk Enjoy the ride!
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