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Impact of new CTEQ6.5 (M,S,C) PDFs to
 SM processes: W, Z, top, Higgs
 hH"and AH" productions in MSSM (Light Higgs Scenario)

* s-channel A" production in TopColor and MSSM




Impact of new CTEQ6.5 (M,S,C) PDFs
on Collider Phenomenology

(from better treatment of heavy quark mass effects)

New minimal global analysis:

CTEQ6.5M + uncertainties (hep-ph/0611254)
*1st focused study of strange distributions:
CTEQ6.5S  (hep-ph/0702268)

*1st study of charm distributions (intrinsic charm?):
CTEQ6.5C  (hep-ph/0701220)

In collaboration with
Tung, Lai, Nadolsky, Cao, Huston, Pumplin, Stump
(Argonne, UC Riverside, Michigan State, U Washington)



Impact of CTEQ6.5M,S,C PDF’s on o;,: S at LHC
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luminosity relative to cteg6.1

Impact of new CTEQ6.5M PDFs
on LHC Phenomenology
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hH" and AH" productions in MSSM
(Light Higgs Scenario)

Light Higgs boson with mass M,<M,
is still allowed by LEP data

— How can LHC/Tevatron test 1t?

hep-ph/0311083

In collaboration with hep-ph/0609079

Cao, Kanemura, Belyaev, Nomura, Tobe
(Michigan State)



Relax LEP constraints on MSSM Higgs bosons
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hH'" and AH" productions in MSSM
(constrained by LEP, Ap, ...)

« M,<M, is still allowed by LEP data

» Decoupling limit: M, large (> 120 GeV)

Sin(f—-—a)—>1 =M, >M,
(large radiative corrections from top and stop loops)
» Non-decoupling limit: M, small (<120 GeV)
Sin(f—a) <1 => M, <M,

(large radiative corrections from top and stop loops)

—> Light Higgs Boson



Non-decoupling limit

—

Light Higgs Boson in MSSM

Br(h — TT_)

@ Non-universal radiative corrections

Br(h — bb)

reduced

enhanced

 scanned with CPsuperH (Lee,Pilaftsis,Carena,Choi,Drees,Ellis, Wagner)

hep-ph/0307377
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LEPII ZH and AH constraint H = (h, H)
g%ZH X BT(H — llb) < FZH(MH)_

g%Zh X B?“(A — bb_) X B’I“(H — bl)) < Fap
9% 7 X Br(A — bb) X Br(h — bb) < Fag

M, + > 100, M;, > 100, M3 > 270 GeV

Color breaking constraints
A7 <3(Mds+ MZy+ 1+ ME)

Apsysy <2 x 1073

b — sy SUSY constraint:
|ABr(b — sv)| <1x10™*




Scan Results (Green: M, 1s below M)
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The LHS Sample Point (CP conserving case)
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LHS parameter space versus LEP2 constraints
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Higgs Production in LHS

g ; " g - q ,
e Wz ©
g )0 » q —
-4
gluon fusion (gQg) weak boson fusion (VV)
g W, Z
7 This coupling is
VO h suppressed in
q the LHS

Vh associated production (Vh)

Br( 2 — yy) 1s suppressed by orders of magnitude.

» How to test the LHS scenario at the LHC?



LHC (and Tevatron) can test the LHS scenario
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Impact of new CTEQ6.5M PDFs
AH" production in MSSM

[ | | I | L | 1T 0 = LI | | L L L -
E LIE T B
LHS - LHC 3 S =
B N - 1.0 e =
- AH  production . 0.9 E- 3
- _ - =" = -
= Ho =My ] 0.8 OfxW) --- x=05 =
S . 07E oMy v x=203
2 F s o -
E L1 | L1 1 | L1 1 | L1 1 | L1 1 ]
ID“ 3 E 0.5

E - I-I- = l—l-D E 1-] N I I | I 1 | [ | | | L i
[ - u=p2 ’ - .

L —
ID-E i R B R B B A B A A B A B A ‘rx" Di;l :— —:
1[} LI | | 1T | | I | L | 1Tl : G fCTE;Qﬁ.jM) :
Q) S _ CTEQ6.5 41sets - 0.8 :— - G (CTEQ6.IM) —:
D D‘? C 1 | | 1 L 1 | 1 1 1 | L1 1 | L1 1 ]

200 400 600  BOO 1000 200 400 600 800 1000
m (GeV) m, (GeV)

NLO QCD correction is about 20%. hep-ph/0311083



Associated production of H '/ or/and H"A
as a test of the light Higgs scenario

 small ZZh coupling and large WH"h coupling scenario
makes H"h or/and H"A associate production very special:

complementary to LEPII

hep-ph/0112165
hep-ph/0311083
(S. Kanemura, Q-H Cao, CPY)

does not depend on SUSY parameters at tree-level.
( independent of tanf )



Tevatron/LHC H'A production rates

pp(pp) — H* h(A) - t*v bb — 1* v vbb rates in fb
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Tevatron can probe
some parameter
space of LHS with
lighter h.

LHC is sensitive to
the entire parameter
space of LHS via
studying this
production channel



What can we gain from studying AH+ production?
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LHC is sensitive to the entire parameter space of LHS.
( independent of tan /3 )



Other interesting processes at the Tevatron and the LHC
“ tan B enhanced processes”

Jddh 8in o :
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At Tevatron, these processes may probe the LHS
in large tan@ region.




Impact of new CTEQ6.5(M,S,C) PDFs on

s-channel /7" production in
TopColor and MSSM

* Top-pion resonances in TopColor model
hep-ph/9812263

In collaboration with
C. Balazs, H.-J. He (Michigan State)

+ Charged Higgs in MSSM with large f — ¢ mixing.

hep-ph/0103178

In collaboration with
L. Diaz-Cruz, H.-J. He
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s-channel Charged Resonances in TopColor

* In TopColor model, large fz- ¢y mixing enhances

production

) _
) pp 7 —>th

c t
hep-ph/9812263

(Balazs, He, CPY)




Soft SUSY Breaking and 7 — ¢ Mixings

« Large f—¢ mixing can enhance

. production and - ---- decay

ol

via radiative corrections

Br(t—ch9) can range
from 10 to 103,
and is sensitive to fl
mass and squark mixing
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Summary

* New CTEQ6.5 (M,S,C) PDFs
impact collider Phenomenology at the LHC/Tevatron

 hH" and AH" associated productions should be measured
at the LHC / Tevatron

» To test Light MSSM Higgs boson scenario (LHS)

* s-channel Charged Resonances in TopColor and MSSM

» Can modify single-top production rates
and decay distributions



Backup Slides



Luminesity relative to cteg6.1l

Impact of new CTEQ6.5M PDFs
on LHC Phenomenology
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How to get small gzzn X sin{f —a) ?
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)

(Including radiative
corrections)

) + M1

The mixing @ depends on M2 — M4, and M7,

When tanf > 1,

need M2 - M2 <0, M3 ~0

to get small sin(8 - a)

(Small m, <120 GeV)
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LHS ample point as an example

tan( | Mg+ | 1 Ay Ml/Mz M3 MQ
40 130 600 | 600 | 100/200 | 300 | 300
 tree level: » Joop corrected:
M2 = @012 —(22)7 m—lp | 2 _ [ (86)° —(38)
O [-(22)% (91)? —(38)*  (119)

sin(f — a) ~ 0.98

sin(f — a) ~ 0.22
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TopColor Model hep-ph/0411426

SU(3)1 ® SU(3)2 ® U(1)1 ® U(1)2 @ SU(2)w C. Hill
Nope ~ O(1 —10) TeV <= TopC Breaking
SU@3)c ® U(L)y @ SU(2)w
v~ 246 GeV +—= EW Breaking
SU(3)c @ U(1)em

In the strongly interacting scenario,

the Yukawa couplings
 Large flavor mixings among
right-handed up-type quarks Yi(A) =~ Yb(A) >1

are possible. at the scale A where new dynamics sets in.

Because Y; and Y}, satisfy similar

e Predicted §— ¢’ — ;" Couplings: o _
' Renormalization group equations,

ctb~0 CPP~0 Yi(p) ~ Yy(p) for any p, A .
Clh ~ \/2my /vy ~ O(3) Also, due to the

infrared quasi-fixed point structure,

cbe ~ C x (0.11 — 0.33)
Yi(my) =~ Vy(my) ~ 1

hep-ph/9810367
He, CPY



Discriminating Models of
Electroweak Symmetry Breaking

Testing the interaction of Top, Bottom and Higgs Boson

smo_ My sm My, 1
SM: -2 - -—b -
T oy N T
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hep-ph/0604197



Soft SUSY Breaking and 7 — ¢ Mixings

« MSSM Squark Mass-terms and Trilinear A-terms:

~2_
Mﬁ_
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If x =0, then ?L decouples
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in 3-¢ families

hep-ph/0103178
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If (x,y) ~ O(1), then

large flavor mixing in ¢ — ¢ sector

Ax:xAvsin,B
2
Avsin

4 =

y =Y \/5

X _Avsinf
2





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




