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Preface
Why Do We Need the LHC?

- Big and Little Hierarchy Problems
- Number.of. Families

- Fermion Masses

- Baryon Stability

- Union of QM & Gravity
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- Origin of CP Violation
- Origin of Lambda
- Dark Matter, .....

Much Theory Effort:
aString-Theory:~Solves Everything In
Principle but Trouble In Practice —

> 10°% candidate “solutions’!
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*String Inspired Theory:
-- Large Extra Dimensions
-- KK Excitations, ...

* MSSM

* ANTHROPICITY

* NEW PARADIGMS:

arX1v:1005.3394, 1008.1046.....
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* NEW PARADIGMS:
3 or more New Heavy
Families w SM quarks-New
|_eptons, SM leptons-New Quarks:
M+ ~100TeV, proton stable,
couplingrunification,. . .
ROG w Asymptotic
Safety = p, = (2.400x10-3eV)?
Classicalons....
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* NEW PHYSICS AT LHC

AND

> Precision QCD for the LHC
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Goals in Today’s Talk

e QCD at High Energies
e Applications of QCD for LHC Physics

e Future
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QCD at High Energies

do = Zjdxldxz Fi (Xl)Fj (Xz)d(%res
)

—
Hadron-Hadron: Aoy, = AF, ® Ac

res ?

e*e Annhin  : Aoy, = 0 @ A0
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The precision Ao, validates
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Components of Ao,

® AO-tech

'S

® AO-th = AO-phys S AO-tech
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Examples for Ao,

® AO-norm(expt)

e What do we need for LHC?
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Applications of QCD for LHC Physics

o
BAYLOR
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SOTA  for Ao, for LHC Physics

) +0.73)%(QCD+EW)®4.11%(PDF) &
1.10 +0.44)%(QCD Scale),
[W*, W] prod. -- Aoy, =[(5.05 £0.58)%,

(5.24 +0)%)]

BAYLOR T State of the art.
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SOTA for Ao, In LHC PhysICS

Estimate of LHC 7 TeV

LHG 7 TeW MSTW2008MNLO

mf™= = 173 GeV

LO (Hathor)
NLO {Hathor)

Kidonakis (approx NNLO)

Aliev et al (Hathor, approx NNLO)
Ahrens et al (NLO+NNLL)
Caccian et al (MLO+NNLL)
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SOTA for Aoy, In LHC Physics
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do/dp, [pb/GeV]
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First (nearly) complete
2 — 5 computation
(as needed in our

SUSY example)

NLO spectrum
T of 4th jet!

L~ LO uncertainty
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= W +4djets + X — LO
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Ao, In LHC Physics

MIXED

(PRD78(2008)056001)

MC’s(parton shower)

1/9/2011
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Ao, In LHC Physics

Z p; distribution v. Tevatron data

PYTHIA 8 SHERPA 1.2 HERWIG4+ 2.4

i e deciye DChferential enas saction in £/
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Ao, In LHC Physics

[
[
Exact O(a,) Normalization
Aoy, ?
e MENLOPS, ...
NLO Z; LO Z+ n jets w Parton Shower, Hamilton& Nason;
Sherpa group
NLO Z; NLO Z+ n jets w Parton Shower, Alioli et al., in
progress

What is Aoy, ?

1/9/2011
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Aoy, In LHC Physics

. Evolutions with p; alive
* Resummation of all large soft effects (Regge too!)
1. In collinear regime
2. In non-collinear regime
* Exact treatment of DIFFERENTIAL distributions through
NNLO, with exact phase space and no miss-counting of
effects, including m,.
e GOAL.: Event-by-event realization with exclusive NNLO w PS,
BAYLOR proof of Aoy,

IIIIIIIIII
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Aoy, In LHC Physics

e PROGRESS: IN

do =Y [ dx,dx, F, (%) F; (X;)d6
I, ]

Resummed Collinear Evolution & {F;}
Soft Resummation (non-coll.) & do,.
Bl LK
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Aoy, In LHC Physics

dGres = ngn
n

SUM s (QCED) i 1 j - dgkj : dgkj J- d*y 1Y(Py+0;=P2=02= ) Kjy = Kj, )+ Doceo
=g IR = ] : . ) )
ao MNP 53k 5a kg, (2a)°
~ : :
*Bm,n(k1 11111 km;kl ,,,,, k d E)Zd ?2
P, 0,

5l Lo
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Ao, In LHC Physics

e Shower/ME Matching:

e |IR-Improved DGLAP-CS Theory:

New resummed scheme for P,g, reduced cross
section --

Bl LK
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Ao, In LHC Physics

e HERWIRI1.031: First Realization in HERWIG6.5
Environment--PRD81 (2010) 076008:

(a) (b)
e ® * DGLAP
T 0.1 — IRImMp.DGLAP
:-‘:,:. '
2 i 2 0.09 ;
X '-I.-n.- 0.08
%.,U_W
B
T 0.06
b 0.05
; -
Ziy* p, (GeVic) )
BAYLOR
~ L F 1T
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Ao, In LHC Physics

e HERWIRI1.031: First Realization in HERWIG6.5

Environment--PRD81 (2010) 076008:
— For the CDF rapidity data, HERWIRI1.031 is closer to the data than is

HERWIG6.510 (1.54 vs 1.77 for '\"Qfd.o.f. resp.);

for MC@NLO/HERWIRI1.031 and MC@NLO/HERWIG6.510

the '\'Efd.o.f are 1.42 and 1.40 resp., both are within 10% of the data
—> Need NNLO level, in progress.

For the DO p; data, HERWIRI1.031 gives a better fit
to the data compared to HERWIG6.5 for low pp,

for pr < 12.5GeV, the y2/d.o.f. are ~ 2.5 and 3.3 respectively

- we add the statistical and systematic errors,
showing that the IR-improvement makes a better representation

of QCD in the soft regime for a given fixed order in perturbation theory.

BAYLOR
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Ao, In LHC Physics

Proof of the concept for non-singlet NLO
DGLAP --  NLO-corrected middle-of-the-ladder kernel, ~ C2

Position of the NLO correction/insertion p can be anywhere in
the ladder and we sum up over p:

P . n n p—1 L
."] d*n p\a(k) | E % (2p) + E E W kg, k; ]J d,

- p=1 =1 j=1

Next step is to add more “NLO insertions” 2, 3 and so on...

1/9/2011 A_ Kusina Monts Carlo modeliing of MLO DGLAP evolution

=] ]:-1 1% J::' 5
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Ao, In LHC Physics

[
Proof of the concept for non-singlet NLO
DGLAP —
Similar Results Numerical test of ISR pure C2 NLO MC

for FSR. Next,
more insertions,

MNumerical resulis for D(x, Q) from two Monte Carlos inclusive and exclusive.
Blue curve is single NLO insertion, red curve is double insertion component.
Evolution 10GeV—1TeV starting from &(1 — x).

The ratio demonstrates 3-digit agreement, in units of LO.
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Future

e Exact Amlitude-Based Resummation with
NNLO Hard Corrections (O(a.?,aa,, @?)) on
Event-by-Event Basis:

MC Methods — IR&Coll. Improved Parton
Showers
Exact Phase Space
Complete Mass Effects
e Provable Control of
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