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The new High Energy Physics Framework

Q@ High Energy Physics has provided an understanding of all data collected
in low and high energy collider experiments

Q@ Contrary to expectations, no signature of physics beyond the SM was
observed at the LEP electron-positron collider and no large deviation is
being observed at the Tevatron.

Q@ However, there are two reasons to believe that there is new physics
around the corner. One is related to particle physics, and the other to
cosmology:

Q Electroweak Symmetry Breaking

©

Origin of Dark Matter

Q@ The aim of high energy physics experiments is, in great part, to
contribute to the understanding of these two questions. But of course,
physics at the TeV scale may be there for unexpected reasons, which
may look completely unmotivated based on what we know today.




Modern HEP Theory

& The main emphasis of these conference has been on
hadron collider physics.

& On the theory side, mainly on the tools to comfront the
new LHC era, which is about to start

& Topics included precision measurements, Higgs physics,
QCD, top-quark physics, event generators as well as some
specific signatures of well motivated models, as well as
some apparently unmotivated ones

@ The SM, which constitutes the basics for our understanding
of physics (together with GR), reached maturity in the
1990’s, with the precision tests on the electroweak
observables




(from WV. Skiba’s talk)

Measurement Fit  10™?-0"l/o™®?°
= 9 1 2 3 Standard Model
Aol (m,) 0.02758 = 0.00035 0.02766 ,
m,[GeV] 91.1875=0.0021 91.1874 agrees with the data
I,[GeV]  2.4952=0.0023 2.4957 better than we
o [Nb]  41.540+0.037  41.477

hoped it would.

R, 20.767 + 0.025  20.744
A 0.01714 + 0.00095 0.01640
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|) Light SM Higgs from Z line shape and cross sections alone
2) The NuTeV result pulls the fit towards larger Higgs mass
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Lepr = Loy + Zaz’Oi

- The coefficients a;encode the dependence on the masses
and couplings of the heavy fields.

-The operators ()contain SM field only and are consistent
with SM gauge symmetries and some global symmetries.

Buchmuller & Wyler, Nucl. Phys. B268 (1986) 621:
all operators of dimension 6 that preserve B, L

(80 such operators)




a) Higgs and gauge fields
OWB — (hTO'ah)WﬁVB“V

On = |h'D,h|?
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M, ; only depends on the experimental




Application to Gauge-Higgs Unification models
M. Carena, E. Ponton, J. Santiago, C.W.‘07







Frank Petriello’s message:

» Need more work on QCD tools for LHC physics!
» Need fixed order QCD+resummation to verify, improve MC generators

» Must accurately quantify, reduce uncertainties; test at HERA, Tevatron

» Highlights:
» Test of ME+PS merging on Tevatron Z+jets

s pp — WW background shows importance of NLO signal, background calculations
= also interplay between higher orders and experimental cuts

» Theory progress on automated NLO coming! First result: pp — Hjj for HWW
coupling determination

» Di-photon results from Tevatron show importance of careful QCD analysis:
resummation, fragmentation needed to describe all regions of phase-space

» Differential W, Z result at NNLO with spin correlations for acceptances
s Tested on Tevatron data, potential pdf implications
s Tevatron luminosity analysis?

» Challenging and important work to do!
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Mg = 32, P, + E7%: standard SUSY discriminator
ALPGEN: exact LO matrix elements, correct hard emissions
PYTHIA: extra jets generated via parton shower

Without tuning, PYTHIA does not describe multiple hard emissions well




» Moral: need systematic, controlled QCD expansion
» pQCD expansion in o augmented with necessary resummation

» Verify and improve Monte Carlo tools

» Issues to consider:

» Is the kinematics described correctly? Hard jets, azimuthal correlations require matrix
elements; multiple soft/collinear emissions better described by parton showers
= full phase-space coverage requires merging parton-shower with multi-parton
tree-level (CKKW)

» What is the correct normalization, and what is its uncertainty?
= requires N"LO fixed-order calculations

» Do new qualitative effects like the gluon pdf (large at the LHC) appear at higher orders?

» Have kinematic boundaries where resummation may be required been considered?




» pp — ~yy important for Higgs discovery and measurements

» Many subtle effects to include in background calculation:
s gg — ~vy subprocess formally NNLO but large
s Resummation for low ¢J.” (Balazs, E. Berger, Nadolsky, Yuan hep-ph/0603037)
s Fragmentation ¢ — ~ important at : ARN:"E_:;:‘;ESFR““'Z’ 207807
- > Q, low Ag¢
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» Resummation only in RESBOS; large sensitivity to tuneable parameters in DIPHOX
fragmentation =- do we really understand low A¢ region?

» Need better understanding, especially when 1 fb~! is analyzed




» Fixed order, parton showers complimentary

» PS: universal, hadronization,detector simulation

» FO: correct rates, hard emissions, reduced and quantifiable errors

= want the advantages of both approaches!

o/bin (pb)
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e MC@NLO (Frixione, Webber)

e Smoothly matches soft/collinear (MC)
and hard (NLO) regions

e Unweighted events, NLO normalization

e Available for
W,Z, H,~*,bb,tt, WW,ZZ, W Z,tb

» Recent detailed study for LHC top production (Mangano et al. hep-ph/0611129)

» Work on alternate implementations (Giele, Skands; Bauer, Schwartz)




» When is NNLO needed?

» When corrections are large (H production, fixed target energies for pdfs)

» For benchmark measurements, where expected errors are small (W, Z, tt production)

» What is known?

» Severalinclusive 2 — 1 processes (W, Z, H production)
(van Neerven, Harlander, Kilgore, Anastasiou, Melnikov, Ravindran, Smith)

» A few "semi-inclusive" 2 — 1 distributions (W, Z rapidity distributions)
(Anastasiou, Dixon, Melnikov, FP)

» Fully differential 2 — 1 result (pp - H, W, Z + X))
(Anastasiou, Melnikov, FP)

e

DGLAP splitting kernels (Moch, Vermaseran, Vogt)

= Generalization to 2 — 1 processes (pp — 77, tt) very difficult




o NNLO QCD result for W, Z production (Melnikov, FP hep-ph/0609070)
» Contains spin correlations, finite-width effects, v — Z interference, all kinematics
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» Residual scale dependences < 1% for standard cuts

o Comparison with recent CDF result for forward W production;

take ratio of [ne| < 1 over1 < |ne| < 2.8

Rf/?F = 0.925(33); Rfjﬁo = 0.940(12); Ri\’/]}“:o = 0.927(2)

= potential stringent constraint on pdfs with more data




Modern Event Generators

BR: Beam Remnant

CR: Colour
Reconnection

FSR: Final-State
Radiation

ISR: Initial-State
Radiation

Matching:
Combining PS & ME

consistently (e.g.
CKKW, MLM)

ME: Matrix Element

MI: Multiple
parton-parton
Interactions
(not pile-up)

PS: Parton Shower
PT: Perturbation
Theory

Tune: A set of
generator
parameters

UE: Underlying
Event

~ (from F. Skanks presentation)
Specialized tools for calculating higher tixed orders (and

BSM processes) plus matching techniques

= hard subprocess (and to some extent resonance decays)
increasingly handled by separate codes (LO ... N'LO)

=» Need universal interfaces and standards

[e.g. the Les Houches Accords ]
hep-ph/0609017

=>» Entering era of precision event
generators for hadron colliders

Beyond fixed order

Better understanding of PS uncertainties - A LA ERROR PDF's?

Improved PS formulations — MORE CONSISTENT, MATCHING TO N"LO,
RESUMMATION OF HIGHER LOGS & SMALL-X EFFECTS (BFKL), ...

Better understanding of the underlying event and non-
perturbative effects - ESPECIALLY IN THE BUSY ENVIRONMENT OFFERED BY LHC

Peter Skands Event Generator Status




BR: Beam Remnant

CR: Colour
Reconnection

FSR: Final-State
Radiation

ISR: Initial-State
Radiation

Matching:
Combining PS & ME

consistently (e.g.
CKKW, MLM)

ME: Matrix Element

MI: Multiple
parton-parton
Interactions
(not pile-up)

PS: Parton Shower
PT: Perturbation
Theory

Tune: A set of
generator
parameters

UE: Underlying
Event

Peter Skands

Matching

Matching of up to one hard additional jet
 PYTHIA-style (reweight shower)
« HERWIG-style (add separate events from ME: weight = ME-PS)
« MC@NLO-style (ME-PS subtraction similar to HERWIG, but NLO)

Matching of generic (multijet) topologies:

ALPGEN-style (MLM)

« SHERPA-style (CKKW)

. ARIADNE-style (Lénnblad-CKKW)

 PATRIOT-style (Mrenna & Richardson) sariiest bird

earliest reptile

Brand new approaches (still in the oven)
Refinements of MC@NLO (Nason)
+  CKKW-style at NLO (Nagy, Soper)
SCET approach (based on SCET — Bauer, Schwarz, SEE BAUER'S TA|

earliest mammal / ol
i

Evolution
VINCIA (based on QCD antennae — Giele, Kosower, PS, THIS TALK)

Event Generator Status 4




C++ Players

BR: Beam Remnant

HERWIG++: complete reimplementation

CR: Colour.

Reconnection » Improved PS and decay algorithms

FSR: Final-State . .

Radiation * Eventually to include CKKW-style matching ?

%;?ig‘;‘"sme « B.R. Webber; S. Gieseke, D. Grellscheid, A. Ribon, P.
. Richardson, M. Seymour, P. Stephens, . ..

Matching:

Combining PS & ME
consistently (e.g.

CKKW, MLM)

ME: Matrix Element * ME generator + wrappers to / adaptations of PYTHIA,

MI: Multiple HERWIG

parton-parton . ] .
Interactions « F.Krauss; T. Fischer, T. Gleisberg, S. Hoeche, T. Laubrich, A.
(not pile-up)

Schaelicke, S. Schumann, C. Semmling, J. Winter
PS: Parton Shower

PT: Perturbation PYTHIAS: selective reimplementation

Theory * Improved PS and UE, limited number of hard subprocesses
Tune: A set of ] _

generator * Many obsolete features not carried over - simpler, less
parameters parameters

UE: Underlying

Event « T. Sjostrand, S. Mrenna, P. Skands

Peter Skands Event Generator Status 11




PYTHIA 8

BR: Beam Remnant

CR: Colour
Reconnection

FSR: Final-State
Radiation

ISR: Initial-State
Radiation

Matching:
Combining PS & ME

consistently (e.g.
CKKW, MLM)

ME: Matrix Element

MI: Multiple
parton-parton
Interactions
(not pile-up)

PS: Parton Shower
PT: Perturbation
Theory

Tune: A set of
generator
parameters

UE: Underlying
Event

Peter Skands

File Edit View Go Bookmarks Tools  Help

©- @ 2B

PYTHIA 8 Index

Brief Introduction (pdf)

Program Overview

Frontpage

Program Flow
Program Files
Settings Scheme
Particle Data Scheme

Setup Rum Parameters

SavePRestore Parameters
Wait-Progratn Settings
Generic Settings
Partial Generation
Process Selection
PCD Processes
Flectroweak Processes
Cnia Processes
Top Processes
SUEY Processes
Procesz Properties

Phasze Space Cuts
Atandard-Iiodel Parameters

Total Cross Sections
Titnelike Showers

| File: {1 foygwinghome Peter fmc/ pythias/pythiadn 70/ doc) wWelcome. hitml v _@_:IGD rl

S

W TPETE W 4 ame

Basic generator already there

Includes a few processes (+ full Pythia6 library), new p;-
ordered showers, new UE, Les Houches interfaces, and
more

You are invited to try it out

Click /future/ on the Pythia homepage, download pythia8070.tgz,
follow instructions in readme (./configure, ./make, and have fun)

Still not advised for production runs

If you have suggestions, now is the time!

Timeline:

Spring 2007: QED showers, LHAPDF, interleaved FSR, beam
remnants, colour reconnections - useful

Fall-Winter 2007: resonance decays, GUI, official release?

Event Generator Status




Particle Distribution Functions




We choose to work in terms of a diménsionless “reduced”

N : tot (17 H2) / 22 2
/*p Cross section, a,}_,_*p(ﬂ,Q )/Kk, whelle k = 4n<a/Q“. We

write the reduced cross section as

oW, Q%) /k = A }—0-5,

The 4 coefficients A, 3, sg, and ¢ are functions of QQ.
We present fits to 29 data sets published by the ZEUS
collaboration |, for Q? = 0.11, 0.20, 0.25, 0.65, 2.7, 3.5,
45, 6.5, 8.5, 10, 12, 15, 18, 22, 27, 35, 45, 60, 70, 90,
120, 150, 200, 250, 350, 450, 650, 800, and 1200 GeV?Z.

In order to avoid possible normalization differences, we

have not included H1 data in our analysis, although pre-
liminary examination of the combined data sets leads us to

identical physics conclusions.

Jan, 2007 M. Block, Aspen Winter Physics 26
Conference




Global (Simultaneous) Fit of F,(x,Q2) to x and Q2

2.0 - -
@ =1200
Q=250
=70
2= 35
1.5 “
Q=22
Q =15
|~ Q =10
- I Q' =85
= 1.0 aC=45
(] i o
L =35
Q' =065
_ Q' =0.25
05 Q =01
0.0 - _— s : ol Scaling
1e-6 Te-5 le-4 1e-3 le-2 1e-1 .
Point
X
Jan, 2007 M. Block, Aspen Winter Physics 33

Conference




xg(x,Q°)

NLO Gluon Distributions, xg(x,Q3)

140 -
130 -
120
110

Q° = 10000 GeV’
\C

\

I

---------------

Central value, log®(1/x) fit

Error band, log’(1/x) fit
Central value, H1 :
Error band, H1

CTEQ, Q°= 4 Ge\*
CTEQ, Q°= 10000 GeV’

gluon

scaling
point !
x=0.09,

Jan, 2007

M. Block, Aspen Winter Physics
Conference
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Higgs




Sally Dawson emphasizes:

Standard Model 1s Incomplete Without
Something like a Higgs boson

*Requires physical, scalar particle, h, with unknown mass
M}, 1s ONLY unknown parameter of EW sector
*Observables predicted in terms of:
Mz=91.1875 =.0021 GeV
Gr=1.16639(1) x 10-° GeV-2
a=1/137.0359895(61)
My
*Higgs and top quark masses enter into quantum corrections
~ M¢, log (M,)

Everything 1s calculable....testable theory




Quantum Corrections Sensitive to Higgs Mass

- Direct observation of W ' e T

80.5 (W LEP 1 and SLD
boson and tOp quark "Il LEP 2 and Tevatron (prel.
(blue) S 68% CL
5
e Inferred values from ~ 80.4 -
=

precision measurements g
(pink)

150 75 200
Mg, (GeV)

New from ICHEP, 2006




Production can be very different from SM

« Example #1: Generalized operators
— Dimension 6 operator:

f g 6666660

L()g — A_§®+®G‘uvaGuva B H
— Expand around vacuum: ¢ - (’“g) —
— Generate interaction

g 4 a wva

Lg, = /‘\2 hG,, G

— For heavy top quark, the SM hGG interaction 1s well
approximated by .
L, = i(n % )hGW”G“V“
c Xxmy 4 ‘

— New operator is just arbitrary enhancement or suppression of
gg—h production rate
o %OSM(I-F%];(%)

2

eg. Manohar and Wise, hep-ph/0601212




Higgs Production can be suppressed

« Example #3
— Add a single real scalar S to the standard model

— § carries no charge and couples to nothing except the
Higgs, through the potential
V(H.S)= —p?|H + \|H|* + nS?H? + m25% + nS?
— Physical particles are linear combination of h, s
01 = hcos~ + ssin~y ;09 = scos~y — hsin~y
— Higgs branching ratios are BRgy - sin?y

— Ifm; > 2 m,, new decay channel:
P1 = @2 @2 = (bb)(bb), (bb)(T™T), (TT)(T'T)




Some examples of Higgs physics beyond the SM and
its experimental consequences




MSSM-- from M. Carena’s talk
Correlation between Bs mixing and BR(B; — wu)

due to tan?yhanced Higgs mediated flavor violating effects

BR(BS — ‘LL+M_)SUSY o

Negative sign with respect to SM

* SUSY contributions strongly correlated, and for Minimal Flavor Violation
MM, m;
BR(B; —u'w’) tanf’

to maximize AMDB z for a given value of BR(By — u*u-) <> minimize tanf (for fixed m )

=> choose large, negative values of ¢, and &, (large implies u ~ M 5= 2M ~ =

2
q" 3

A)




CKM +12.2 -1
Upper bound on NP from CDF ==> AM; =17.7 =0.10 £ 0.07 ps~' AM;~ = 18955 ps

M. C. et al. hep-ph/0603106

What can we learn from Bs-mixing?
How strong is the bound on BR(B, — u’u-) ?

AM{" =209 =52ps™

| M, /Tan(p)= 10 GeV
M, /Tan(P)= 20 GeV

' M, /Tan(f)=30 GeV ---- BR(B, — u' u-),,
M, /Tan(p)=40 GeV of order 10~

| M, /Tan(p)=50 GeV - - l

1 M, > 500 GeV O

M, > 1000 GeV 0 at the reach of LHC

| M, > 2000 GeV O with about 10fb™!

T 6 TN SUSY corrections
BR(B, = putu) x 10 BR' (B — u*u-)<1.107 can enhance it by
2 orders of magnitude.

For natural values of m,< 1000 GeV ==> largest contributions at most a few ps-1

I

SUSY

A/H at the reach of the Tevatron or the LHC <==> strong constraints on |AMs|DP




Discovery reach for SM-like MSSM Higgs at the LHC with 30 fb-1
*The m, ™ scenario: Mg=1TeV;: X,=24Mg;: m; =08Mg: M, =-u=200GeV; A =4,
Production and decay channels: tth (h — bb); qgh —qq 't~ and h — yy inclusive

4dh — qg - Maximal Mixing Scenario
CMS Projections

ATLAS Projections

80 T T 80 T T
70 l 7 70 S
60 | 60 - y
~ -~ +
(a®) o =
< ol h— | =) qgh—=qqt't g
= n 3
A A
40 - 40 S
30 . 30 - =
,/,~\\s\ ,/’ \‘~§‘
~~~~~~
22F 0 TT~~ . A o< _Ballowed “==~<___ :
“~~._Ballowed  T==--___ R EESSSSSS
~ S Ny ~——
10 | | o o e - - -] - ——— w——— g ——— { I - ————————_— - —_—
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
M, (GeV) M, (GeV)

M.C., A. Menon, C.Wagner’ 07

CMS: First, full simulation analysis of qqH, H->tt->I+jet  Nikitenko, ICHEP 06
Optimized ==>NN with kinematics and y isolation as input

ATLAS: re-doing the Higgs studies at present




Non-SM-like Higgs and B Physics Searches

Large to moderate values of X, ==> SM like Higgs heavier than 120 GeV

BR(B; — u'u’) « LuAt‘z = Experimental bound ==> small u

Small u <0 ==> =constant H" and enhanced negative x* —f contributions to BR(b — sy)

80

70

60

50

tan(p)

40

30

20

M. C. et al. hep-ph/0603106 and in preparation

black lines: BR(B;, — u"u™) reach:

Tevatron: 2 x 103 (8fb_1)
LHC: 5.5x10° (10 fb™)

Hatched Area: presently allowed
BR(B, = tv), BR(b—=sy)

and BR(B; — u"u~-) regions

M.C., A.Menon, C.Wagner’ 07
* Sizeable LR stop mixing <==> small/moderate mu

==> B searches more powerful than Non-SM like Higgs searches

» SM-like Higgs: small Tevatron coverage; with 30fb-": CMS can cover some parts,
with 2 — 17 and h — yy ; ATLAS tau tau channel seems to have full coverage




Jack Gunion told us

My bias:
The combination of:

1. the precision electroweak preference for a SM-like Higgs with m; ~
100 GeV,

2. the old LEP excess (at reduced rate) at this mass in the bb channel,

3. the fact that supersymmetric models evolved to the GUT scale have minimal
fine-tuning for such a mass

all combine to suggest that h — pp where p then decays in some way that
evades the LEP m; > 114 GeV bound may be what LHC should be looking
for.

There are many possibilities for p and how it decays with p = a pseudoscalar
and p = a neutralino or other light SUSY particle being prominent on the list.

p decays can be constructed in both cases to avoid LEP limits and make
LHC discovery very difficult.

J. Gunion Aspen Winter Conference, January 9, 2007 46




The NMSSM | allows you to have your cake and eat it too.

Recall that the NMSSM introduces a singlet superfield that leads to an
extra CP-even Higgs and an extra CP-odd Higgs: we end up with the mixed
states h; 23 and aq .

The NMSSM has the following wonderful properties:

Gauge coupling unification is preserved under singlet addition.

RGE breaking of electroweak symmetry is preserved.

An /gffggtive uwHq H, superpotential term is automatically from the
)\§HdHu NMSSM superpotential term: p.g = A(S).

There is also a %n§3 superpotential term.

Once again minimal fine-tuning is achieved for a SM-like h; with m;, ~
100 GeV, but now this is LEP allowed provided hy — a;a; with m,, <
2my, is the dominant decay. If m,, > 2my, then hy — aja; also feeds
the Z + b’s channel that is strongly constrained by LEP data.

In fact, large B(h; — aj;a;) with small m,, can be arranged without
significant tuning of the A, and A,. soft parameters. Some preference
is shown for m,, > 2m, for this. (R. Dermisek and J. F. Gunion,

arXiv:hep-ph/0611142.)

J. Gunion Aspen Winter Conference, January 9, 2007 33




, M;23=100,200,300 GeV

-

Figure 9: F vs. m,0 in the NMSSM for tan 3 = 10, M 2 3(mz) = 100, 200, 300 GeV.
Large yellow crosses are fully consistent with LEP constraints. See earlier Dermisek + JFG refs.

— A large majority of the yellow crosses have B(h; — bb) ~ 0.1 or so

J. Gunion Aspen Winter Conference, January 9, 2007 34




There are two more sets of two Higgs doublets, but these are chosen to
decouple. Also the singlinos are chosen to decouple.

A different limit of the model might lead to a lot of complexity.

o MSSM with R-parity Violation

| will mention two models of this type. Both are designhed to allow the PEW
preferred value of m;o0 ~ 100 GeV, which you have also seen is preferred
by fine-tuning in the MSSM, while escaping LEP limits through unusual
decays, much in the spirit of h; — aqa;.

1. First there is the model of M. Carena, S. Heinemeyer, C. E. M. Wagner
and G. Weiglein, Phys. Rev. Lett. 86, 4463 (2001) [arXiv:hep-ph/0008023].
Here, they argue in favor of a light sbottom quark of mass about 7.5 GeV.
The Higgs boson would decay mainly into bb.

Normally, b — bx?", in which case h’ — 2b + Fr. Would this have been
picked by LEP search? N

With baryonic R-parity violation b — 27 is possible, and the Higgs signal
is h’ — 45 with no missing energy. LEP would have missed this signal
for m;o0 ~ 100 GeV.

J. Gunion Aspen Winter Conference, January 9, 2007 43




2.

The second model | mention is that of L. M. Carpenter, D. E. Kaplan
and E. J. Rhee, arXiv:hep-ph/0607204.

They find parts of MSSM parameter space in which m ;o0 ~ 100 GeV and
h? — x{xY is dominant.

If R-parity is conserved this is equivalent to h® — invisible and LEP
excludes this channel at such a low 177;,0.

However, if there is baryonic R-parity violation, then X! — 3j and
therefore h® — 65. This channel not excluded by LEP for mjo ~
100 GeV.

The X decays could be slightly non-prompt and still have effectively the
same LEP signal. In this case, one would want to search for 67 events
with a somewhat displaced vertex.

J. Gunion

Aspen Winter Conference, January 9, 2007 44




Spencer Chang added:

e Lighter Higgs mass (below LEP2 limit)

- Alleviates SUSY Little Hierarchy

- Improves Precision Electroweak Fit (esp. as
top mass central value continues to decrease)

* For e.g., adding a new scalar a adds new
dominant nonstandard Higgs decays;

h = 2a < 4t allows Higgs mass < 100 GeV

(LEP2)

Dermisek, Gunion
Chang, Fox, Weiner
Graham, Pierce, Wacker




‘ SUSY Example \

S. Chang - Aspen Winter 2007

MSSM
+

new neutralino

Standard
Model

Barger, Langacker,
Shaughnessy

(NMSSM & other extensions)

Invisible 2y, decay
strongly constrained

Higgs allowed below
114.4 GeV?

However, with RPV
see Kaplan et.al.




Higgs Limit |

100 GeV Higgs seems allowed for

BR(X1 Xo) ~1 for decays into light quarks,
leptons

BR(x, x,) ~ -3 for all modes

S. Chang - Aspen Winter 2007 13




\ Neutralino ProEerties |

h 90-110 GeV X, 40-60 GeV X, 1-20 GeV
* Chargino search constraint, > 100 GeV

- Requires a new singlet Weyl Fermion
(Singlino) - NMSSM?

e 7 Invisible Width and Neutralino Production at
LEP

- If tan > 1, 5_is mostly bino and y is mostly
Singlino Barger et.al.

e Dark Matter Abundance: No Overclosure
Belanger et.al.

— A new light scalar of mass about 2my,_ Gunionetal

Barger et.al.
S. Chang - Aspen Winter 2007 14




Impact on SUSY Pheno smeae "

 Dominant singlino LSP implies longer cascades,
potentially displaced vertices

e Longer cascades mean more visible energy (jets,
leptons) and reduced missing energy

e Searches normally expect:
- Squark— jet + MET
- Gluino— 2jets + MET

» Effects degrade search esp.
with optimized MET cuts

S. Chang - Aspen Winter 2007




Top Quarks




stzagy THE UNIVERSITY OF

on single-top-quark
production

Zack Sullivan

Aspen Winter Conference 2007




New phenomena affect
s- and t-channel separately

Resonances

CDF Run Il Preliminary, L=955 pb'1

\V/=Yei(e]}
currents

KK-modes
etc.

4t generation?
t-T mixing?
Suppress t not s?

Zack Sullivan, Aspen 2007 January 10

am

[ 95% C.L.

B o
e CDF II Data (ML)
B SM Prediction

® DO Decision Tree

3.4c EVIDENCE

s+t=4.9+-1.4 pb
IV, |=1.320.2

i

N
| |

T T P VI P
25 3 35 4 45 5

G, (pb)

New g-t-X
verticies

th’ Vts

BR(t—Zc)<0.33
CDF, PRL80,2525(98)
will soon change




Fully exclusive NLO calculations

D

0 w&c

Event Yields in 0.9 fb-' Data

Source

tron+muon, +2tags combinzez
2 jets 3jets T Jets

th

tqb

tt— Il

tt — Hjets
W+bb
W+ce
WHjj
Multijets

HUGE

16+ 3
@)
39+9
205

8+2
12+3

327

95119

2+1
4+1
11£3
143 + 33
357
23+5
12+2
2916

Total background
Data

686 + 131
697 455

460 + 75

253 +42
246

s-channel =2

t-channel

# b-jets tj(Wjj) tjj(Wijjj)

Required new methods to calculate fully
exclusive cross sections with massive states

* Phase space slicing method with 2 cutoffs.
L.J. Bergmann, Ph.D. Thesis, FSU (89)
cf. H. Baer, J. Ohnemus, J.F Owens, PRD 40, 2844 (89)
B.W. Harris, J.F Owens, PRD 65, 094032 (02)

« Phase space slicing method with 1 cutoff,
W.T. Giele, EW.N. Glover, PRD 46, 1980 (92)
cf. WT. Giele, EW.N. Glover, D.A. Kosower, NPB 403, 633 (93)
E. Laenen, S. Keller, PRD 59, 114004 (99)

* Massive dipole formalism (a subtfraction method) coupled with a

helicity-spinor calculation. Invented to solve single-top production.
cf. L. Phaf, S, Weinzierl, JHEP 0104, 006 (O1)
S, Catani, S. Diftmaier, M. Seymour, Z, Trocsanyi, NPB 627,189 (02)

« Worked out analytically in

0.022 pb

0.146 pb 0.278 pb

Cuts: E;>15 GeV, |n[<2.5, no cuts on ¢
Zack Sullivan, Aspen 2007 January 10

* Numerically studied using ZTOP

Now in MCFM 5.1+




Zack would summarize the current situation like this

Things not covered
* 1st PDF uncertainties
Single-top-quark production forces us to . “Modifed Tolerance Method”
reconsider our intuitions and develop (what you use for PDF errors)
new technologies that push the 7@
frontiers of perturbative QCD: o

(20416 —0(20),0(z0—t)—O(=? 0])

nnx [0(z9)=0(2241),0(z0)=O(20 ~t) O])

—We will have precision measurements of 25, PRD 66, 075011 (2002)

. . Z.S., B Nadolsky, eConf C010630, P511 (2002);
weak interaction structure. oConf C010630, P510 (2002)

* Kinematic uncertainties

» Push for “NN” b-tags and

— Single-top has changed how we think clever Lises

about the cross section.

Oobs, = ff'l<'l7ls/—11)f2('172- /—12)@‘AW'[‘QOK(ZP'S"XD"U“) oDy, (1)71)

It will be vital to the success of the LHC to develop

close interactions between theory and experiment

of the type single-top-quark production has enjoyed.
Zack Sullivan, Aspen 2007 January 10




Tops from decays of new particles




Lian Tao Wang told us two important examples:

e Case 1: tt 4+ Kt

Highly motivated from naturalness problem
Top partner typically has SM quantum numbers, couples to top.

Additional ingredient:

discrete symmetry — removal of unwanted operators
EWPT, dark matter, proton decay...

—— End product of NP decay is stable, e.q., Ag.

—s tt + ET




Typical Examples:

1. £ in low energy supersymmetry

t —>t+LSP

2. T’ (odd under T-parity) in Little Higgs models*.

T —t+LTP(Ap)
Similar signature, KK-top in UEDT.

Pair production of £ or TV — tt+ Et

*H. C. Cheng, I. Low, LW hep-ph/0510225
fT. Appelquist, H. C. Cheng and B. A. Dobrescu, hep-ph/0012100




Rate*
After studying the signal and background, it seems TeV masses are accessible,

particularly using top reconstruction. Simlar studies are being performed by
other groups, Meade et al, Burdman et al, Matsumoto et al, ...
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*H. C. Cheng, I. Low, LW hep-ph/0510225




Case 2: NP resonances — ¢t t*

uv IR
tR (~ KK gluon, KK W
Y%
<— Higgs

top is composite — top is heavy

Other composite states (KK gluon, KK W) dominantly decay
into tt.

Bump searching.

*K. Agashe, A. Delgado, M. May, R. Sundrum, hep-ph/0308036




Singal vs SM tt, v/N error bar
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B. Lillie, L. Randall and L.T.Wang, in preparation




Challenges
1. SM ¢t has long tail in mys.
2. Wider resonances, I ~ 0.2M. PDF distorts the shape of resonances.

3. EWPT typically constrains the composites to be quite heavy > 3TeV*.

—— Very energetic tops

Reconstruction of tops based on isolated objects is likely to fail.

*K. Agashe, A. Delgado, M. May, R. Sundrum, hep-ph/0308036




J.-Wacker told us about the search for gluinos

Scenarios discussed motivated by Split SUSY.
Two scenarios:

Scenario with large mu parameter and Bino masses close to gluino masses
(induced by RG evolution). Challenging because of soft jets

Quasi-stable gluino. Very interesting possibility of gluino
stopping

Let me concentrate on the second one.




At the LHC very large production cross section

. Gluino Pair Production Cross Section
10 T T T T T T

Tevatron Run Il -------
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10° |

103}

Cross Section (fb)
o

102 |

S
.
.
S
10 : .
[~ .
S
s
S

1 | * | | | | |
200 400 600 800 1000 1200 1400 1600

Gluino Mass (GeV)

Figure 1: The gluino production cross section as a function of mass at the LHC (red solid)
and Tevatron Run II (green dashed).




Four distinct ways to look for quasi-stable gluinos:

|) Looking for monojet signatures in gluino-gluino-jet
production

2) Slowly moving particles in tracking chamber. Look for

charged R-hadrons may lead to reach of [.2 TeV at the
LHC

3) Search for charge oscillation events (flippers) in the chambers,
thing that proves to be difficult

4) Stopped gluinos, and their late decay. Exciting possibility !




Number Stopped by 2m Fe
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Figure 4: The number of R-hadrons stopped after two meters of iron in Mass Region 1.
This plot convolutes the velocity distribution at production with conversion processes and
matter and ionization losses. The upper set of curves is for the LHC for a total accumulated
luminosity of 100 fb=!, equivalent to a year of running at high luminosity. The lower set

is for the Tevatron Run II, assuming a total of 2 fb™!.

In each set the

curves correspond

to a meson to baryon conversion cross section, oy = 30 mb, 3 mb, and 0.3 mb from top to

bottom.

Observing the signature of stopped gluinos, and be sure

-2m

-1m Om I'm
Longitudinal Distance

that is not due to event fluctuation, or cosmic ray will
allow us to be sure of the existence of quasi-stable particle

2m

<1 particle/(10 cm)?
5 particles/(10cm)?

10 particles/(10cm)*
15 particles/(10cm)?
20 particles/(10 cm)*
25 particles/(10 cm)?

30 particles/(10 cm)®




“Unmotivated”, but yet exciting physics




Macroscopic Strings
at Colliders

Markus A. Luty
University of Maryland
(starting fall 2007: UC Dayvis)

Work 1n progress
with Junhai Kang, Salah Nasri




The model

SU3)c x SU2)w x U(1)yxSU(N)

g~ (3,2)1x1 Qw(g,l)%xN
u® ~ (3,1)_zx1 Q ~ (3,1)_1 x N
dcw(é,l)%xl LN(I,z‘)_% x N
¢~ (1,2)_1x1 L~(1,2):xN
e ~ (1,1); x1

mq,mr ~ 100 GeV-TeV
Assume ()’s long lived




SU(N) sector

SU(N) unbroken = 2 parameters
A = scale of SU(N) confinement

o2 /12
= MgyTe 8% /bgguT

= every decade of energy “equally likely”

m = mass of fermions ~ electroweak scale,

preserves electroweak symmetry

(like SUSY “u term”)




Hadronization: Aqcp > Aic

~ 1/A1c




Aic < keV: Anomalous curvature

=

Exciting signature at the LHC !




Summary

The work presented in this conference gives a global, although by far not
complete, picture of the efforts of HEP Theorists in preparation to the LHC
era.

Many topics have been omitted, in part due to the lack of capability of this
reviewer of covering them in a coherent way. In particular, neutrino physics
has been ignored, due to time limitations, but | recommend you to look at
the excellent talk by A. de Gouvea.

An important topic, not discussed in depth in this conference, is the
growing and important connection between particle physics and
astrophysics and cosmology. This is bound to provide complementary
information to our understanding of physics in the coming years

Most importantly, the LHC is starting to run in a few months from now, and
will start doing physics, hopefully, by 2009.1 am persuaded we are preparing
well (although perhaps not we are not well prepared) for the challenge.

The Tevatron is still running and may lead to surprises. The LHC is starting
quite soon. The ILC is in the horizon.We are living an exciting era, and
things are bound to improve in the very near future !




