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Overview

s  Wisconsin involved in BMU detector maintenance, detector operations,
trigger, software operations, tracking and BMU software, silicon and BMU
muon data validation, shifts, GP, leadership, and physics!

s Discussed here:

s Tracking software, silicon data validation, and impact

s Application of BMU to physics

s SM diboson physics and Higgs physics

Herndon  Pursley  Nett Also note on compuing
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Note on Computing

a Support 10% Rader and Radtke

s Benefits:
s Desktop computing support at UW
s Wisconsin computing farm access and support

s Wisconsin farm configured as CDF compatible glideCAF
computing farm. Used for MC production. This usage has

reduced as LHC has come online.
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Silicon Tracking

s Continued work on improvements to CDF silicon tracking

s Last year: Improved execution time of forward silicon tracking.
s Reduced overall time to produce CDF data by 50%

» Eliminated polynomial growth of tracking time at high instantaneous luminosity

s This year: Re-optimizing silicon hit finding COF Il Proliminary jL 70
» Silicon hit finding exhibits substantial % 14F
inefficiency in latest data P T e
» Effects silicon tracking efficiency and b-tagging 10 —Mw
performance: -20% relative b-tag efficiency! Ne M
s Problem traced to degraded signal to noise on 65—
silicon detectors. L0 and L2 of SVXII 4L o SVX L3 (Hamomatw)
[ ¥ SVX L2 (Micron)
s Recover efficiency by re-optimizing silicon 2F gxi t; 5::::2:::3;
clustering parameters with looser criteria ol by

o 2 4 6 8 10 12
= New production executable in effect July 2010 Integ. Luminosity [fb™]
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Silicon Tracking

s Slllcon clustering improvements
» Less stringent requirement on hit signal to noise
» Partially recovers loss of efficiency on LO (L1offline) and L2. -
= No increase in mis-measured track rate

A union of old and new clustering recovers full b-tag efficiency (in progress)
| Silicon L1 Eﬁ"mency |

> [ —— N R s R T — T — - - §
§0.95 4 AII b il L | i _ .......................... ................. NO K Aremaval ................. .. ......................... ./".
i : 5 ‘ :
- 09 _ L — — ‘.VeryLoose ‘%:‘“ .............................
§0.35 !..i.,.l .......... 2 : Loose = 2
il g | '
08: ' 0 ' ----------- .g10-2 :_. 1 e e Ty
0.75 :_ L0 g : .................................
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071 ” SR Tight-Loose-UL5-UL4 UL6k-ULS5k-UL4k
0.65 f_ ___________________ g’ _. ..................... - Low Lum SecVix
06:1 o L i....i.|..i.x103% ., ............... ; , ............ = 6.1.6
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Run number s . e s
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Improved silicon T
0.4 0.45 0.5 0.55 0.6 0.65
Cl USte rl n g b-tagging Efficiency

s Continued work on LOO clustering, primary vertex finding, b-tagging
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s Look at processes that are suppressed in the SM

s Excellent place to spot small contributions from non SM contributions
SM b MSSM :

(7]

a By — Wy
a SM: HY/AC

» No tree level decay

s CKM ,GIM and helicity

suppressed

S
. BF(B, - pi) = 3.86x109  ° !
» New Physics: e
» Loop: MSSM: mSugra, Higgs Doublet =
» 3 orders of magnitude enhancement 3& qLR

» Rate xtan®p/(M,)*

Same particles/vertices occur in both B decay diagrams

and in dark matter scattering or annihilation diagrams
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Relative normalization search

Fraction per 0.02

10"

NNout

0 01 02 03 04 05 06 07 08 09 1

By — MU Method

CDF Il Preliminary 3.7 o™

§30005_'|""|""|""|""|'"'|"':
w = - -
s Measure the rate of By, — p*y- decays = 2s00F- N(Bi)c :A 343?0“33 169_E>
relative to B —=JiyK* 2 zoonf (B)>4 GeVic__5
2 1s00f ’
H w o
Preselect to achieve good S/B then use
a multivariate discriminant
.. -1 e T I v
CDF Pl‘e|lmlnary 37 fb Invariant Mass [GeVIc2]
1__llllIlllIIlllII|lllllllIIllllllllllllllllllllllll__
: é CDF II Prellmlnary3 7fb
- - No : I ]
:. — B, - u" " Signal 1 E 12002— + oMU :
-, -- Background (Sidebands) - w 1000 N(B") = 5462 + 113
: - A . T
- '-_.l o ﬁ 600 —
_2— - - | 4005— -
10 é_ - . --"--..__ #M‘-‘ _§ 2001 + + + -
Radhaiiihc S NN S il - - -
+ e LA ¥R T i
B p Invariant Mass [GeVIc7]
107 E
ST DU PR P T TN P P T

CDF sensitive to 3 X 108 B events!
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0

WISCONSIN
NN Total Observed
Background Events
0.995-1.0 6.1 7

s Now expect 1.2 events at the SM rate!

BF(B, — p*u-) < 4.3x10°8 at 95% CL

BF(B, — u*p-) < 7.6x10 at 95% CL

s Worlds best result

. 6 People(2UW), 2FTE(1UW)

Candidates / 24 MeV/c? Candidates / 24 MeV/c?

Candidates / 24 MeV/c?

- N W w
OOOOSO

- e =
ONDPOONED®

o N A O @

. By — WU Search Results

B, B

CDF Preliminary 3.7 fo”'

2 C T 0840, <0.95
—73 3 53— =7 X X
My i [GeVic)]
0.95<v,, <0.995
Bd Bs NN é
E | E ' ' I_I-L,_l _IJ =
73 3 L v 55 55 =
M ' o [GeVic?]
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e
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. B, — ™y~ and Dark Matter

B rrel rk matter rch
a B — pru correlated to da atter searches S. Baek, D.G. Cerdeno Y.G. Kim, P. Ko,

s CMSSM supergravity model C. Munoz, JHEP 0506 017, 2005
s B, — p*y~ and neutralino scattering cross sections

are both a strong function of tanf3 10°

. . . = DATA listed top to bottom on plot
= In focus point region , high tanp(50), o T COMS: Soudan 2004-2009 Ge
H — g
positive p, favoured in CDM allowed fits "2 Bl IS, LOOLGHINCLAD o cort
E 10'6 - Trotta et al 2008, CMISSM Bavesian: 95% gomom
»  Current bounds on B, — p*y~ exclude parts o wEBLE
of the dark matter parameter space '};
—4
8 _FB) = 10 ¢
~r , —8[ - h
¢ 10 F 3 :
> F famd
10 = oA
? ot -1 é" 10 s
0k & e = - Excluded by new
3 Ad1. 4M NG o B
- - _»
-8 . o 9 H 1
10 s - / © 10
3 A=0 f
of P & tanﬁ 5(L -
10k . O -
-
-10F l | 4 C 10‘10 002251 0L, PR |
10 —8 1 1 11111 _7 L A L1l _6 1 : 3
10 10 , 10 10 10 10
B(B, > u'u")

WIMP Mass [GeV/c']



0

W. Expectations

AT GO . _ .
95% CL Limits on B(B, — uu) Now analyzing 6fb
sImprovements to silicon performance and NN.

OCDF

Do . *Expect linear progression of the limit
| | | X Tevatron (CDF+D0 Lum) 1 . . .

PRD 57 (1998) 3811 OCDF Expected | *Final Expected Limit= 2 x 10-8
~ ADO Expected
S 10 : : _ + - s ot
D PRL 93 (2004) 032001 O 7 CDF BR(Bs_>l'l H) PrOJectlon
; - PRL 94 (2005) 071802 A ; 10"
o DO Com Nete 4733 5 2 [ Excluded: CDF PRL 100, 101802 (2008)
- - PRL 95 (2005) 221805- 0 L P EEEEREEEERE,
g ‘ ‘hep -ex/0508058 I APRD 76 (2007) 092001 " I
e 1 CDF Public Note 8176 0 Conf Note 5344 o i Projec

] | DO Conf Note 5906 o i edg

o PRL 100 (2008) 101802 8 A o CDF Prel. 3.7 fb" CL Excy,
£ 3 | @ Expected Limit : 3.3 X 10° Sio
£ — Observed Limit : 4.3 X 10
o -~ SES :3.2X10°
&
o 01 10 8L
(11] -

| [ — - - - - — :

| Standard Model Expectatlon - SM Prediction
oo L LU T PITE 1L S —
10 100 1000 10000 | | | | I O |

Luminosity (pb~") 2 10 ,
Integrated Luminosity (fb )
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AAAAAA * SM Higgs: H—=WW m

s H—=WW—lvlv - signature: Two high p; leptons and MET
» Primary backgrounds: SM diboson (WW, WZ, ZZ) and top in di-lepton decay channel

s Key issue: Maximizing signal acceptance

= UW innovations. Adding channels channels sensitive
to associated production and vector boson fusion:
+50% acceptance! Also designed treatment of
systematic uncertainties.

CDF Run Il Preliminary

- OS 0 Jets
" M, = 160 GeV/c*

e
Y
o

-
N
o

:

Events /0.2

100

80

60

|

\

40

Spin correlation: Charged leptons

20

e S e = = go 1n the same direction

0 0.5 1 1.5 2 25
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. Initial analysis: PRL 97, 081802 (2006)

s gg — H production only

» Purely based on signal vs. background discrimination of A¢ variable

- Used standard CDF high p lepton Id

@

o
0 =Data
N - aDY/Z-ll
T
3 OIW-jetly
@ 6 OwWw i
5 ] EWZ+ZZ+tt .
S 5 —10x(H=>WW') (my=160 GeV/c")
T
4
¥ |
] | :
2{ ! Y -
i
0]

0 20 40 60 80 100 120 140 160 180
Dilepton Azimuthal Separation (°)

Results: mH = 160GeV : 95%CL Limits/SM

H—=WW: A¢ Analysis

Analysis Lum Higgs | Exp. | Obs.
(fb-') | Events | Limit | Limit
CDF: A¢ 0.36 |0.58 8.9 8.2

s Compared to current analysis

s Higgs acceptance improved: ~x3.8

s 4 years, 15 people(3UW) , SFTE(2UW)

s Interestingly acceptance improvement

and new data almost accounts for current

sensitivity: Naive expectation: 1.2xSM
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s Lepton acceptance: x2.5 effective statistics

» Based on lepton selection of WZ and ZZ discovery analyses: x2.2

» Electrons in calorimeter gaps

s Muons in forward region and detector gaps

s 8 p(with BMU), 2 e and 1 e/p type

Also in Bs Osc., single top, VV

- Performance validated in

31 DY and 14 Z—1T1 control regions

a Factor of 1.5 from associated
production and >=2 jet channel

1
N

]
w

H—WW Improvements

h_etaphi_Trk

| n-¢ distribution for muons

3 R L
B )

21

1

of-

-1:_
- [

-3 -2

Entries 31467

Mean x -0.004137

Mean y 0.007322

RMS x 0.907

RMS y 1.821
_I

Muons

0 Trk
CMIOCES

I CMIOPES
CMUP
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SM Higgs: H—>WW

s CDF: Inclusive H—=WW analysis: IvIvMET - signature
Optimize in jet bins & lepton charge configuration

a4 CDF Run Il Preliminary [L-sa’
S 8%%F os 0 Jets Wajets
>~ [M, =160 GeV/c? Wy
% 5000 | Wi
__+ wz
q>, C mzz
w C DY
400/ Oww
C —HWW x 10
L -eData
300/
200

v ——
05 06 07 08 09 1
LR(HWW)
CDF Run Il Preliminary j L=481fb" CDF Run Il Preliminary _[ L=48fb" CDF Run Il Preliminary .[ L=4gi"
E 251 SS 1+ Jets Wijets - 0S 2+ Jets Wejets FOS 1 Jets Wajors
M, = 160 GeV/c? mwy C M, = 160 GeV/c? mwy CML = 2 Wy
© LV i 30F V'H T 50 - My, = 160 GeV/c =y
P mwz mwz mwz
e mzz 25 mzz mzz
@ DY DY 40 DY
IE Oww Oww Ooww
—HWWx10 | 20 —HWW x 10 —HWW x 10
-o-Data -o-Data -e-Data

30

15
20
10
5 10
0 T L L i 0 L 0 L 7l TR IR
0 20 40 60 80 100 120 140 0 0 50 100 150 200 250
Er (GeV) H; (GeV)

300 350 0
M, (IIE;) (GeV/cﬂ)



SM WW Production

s Measurement of direct standard model WW Production
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WISCONSIN

AAAAAA

s Using a matrix element based technique.

CDF Run Il Preliminary I L=361fb"
g: 120 Fitted Templates — waijets
S L [ Wy
o 3 100 T CIwz
World’s most Sensitive € E %%ﬁ
> 80— -
w — ¢t
measurement of the WW = ww
. 60 —4— Data
cross sectton & Nominal MC
Also TGC limits “OETH.

20 V 1 1-'__ =T — 1%

Research supported primarily from startup funds, , : : —
UW funds, and now DOE supplemental funds. % 01 02 03 04 05 06 07 08 09 1
Base grant funding reduced 2006-2010: now Ya. Matrix Element Likelihood Ratio (LRWW)

o(pp — WW) = 12.1 + 0.9(stat) T} (syst) [pb]
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Trilepton Higgs Search

s Search for associated WH/ZH Higgs production with H—-=WW, VH—=VWW

s Very low background Higgs search: S:B ~ 1/1

s 1.5 Higgs events expected!

»
COF un i - JL'SNb | CDF Run Il Preliminary _[L=5.9fb"
4k WH Signal (Z Removed): M, = 165 GeV/c 2::1 6 ZHS ww) M, =165G VI —_—
zZ C L4
- C wz
35 - o C 2z
wZ 5 Zy
3 —WH %10 C Fake
—ZHx 10 C — (ZH+WH) x 10
-+ Data L — ZHx 10
25 4r — WHx 10
L —— Data
15 -
2 r — ——
1 - .- - . . . -
0.5 1 _— —. —e— — —
— - 4'_,_’_'_|_|;
o - . i e L L I i o _' ‘——I '_I_= 1 1 (e N T T l | l ool L
-1 -08 06 -04 -02 0 02 04 06 038 1 1 -08 -06 -04 -02 O 06 0.8 1
NN Output NN Output
Expected limits 4.62xSM
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s Measurement of direct standard model WZ Production.

s Uses 0 Jet control region of Higgs ZH—ZWW analysis

CDF Run i [ L=591b"

World’s most Sensitive

measurement of the WZ

Cross section

1 -08 -06 -04 02 0 02 04 06 08 1
NN Output

o(W2Z) = 3.7x10°% 0.6 + 0.5 pb
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s Inclusive search for high mass

Higgs with H — WW

s High mass analysis the most

sensitive analysis for
my > 128GeV

95% C.L./Gg,

CDF H—=WW Search

CDF Run Il Preliminary

J.L=5.91b-1

..................................................................................................

.........................................................................

.. """"" I'"."'.'"i'"."T".""."'.: :;:l”.:.::.::.:: """" . '"."'."':"'."'.' O !
110 120 180 140 150 160 170 180 180 200
Higgs Mass (GeV)

s Have reached SM
sensitivity at high mass!

Research by Jason Nett, Jen Pursley
and Matt Herndon
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Tevatron Higgs Search
Exp. Exclusion 156-173 GeV: 0.76x0¢,, @ 165 GeV

i
—)

95% CL Limit/SM

|

-------- <-—-——-————-Tevatr0n Excluswn.gulywzqw-

Ty 1T TP r 7y r 1T 1 1°r {1 17 1T 1T | I 1 1 I l 1 1 I 1 I IIIIIIII I 1 1 1 1
LEP Exclusmn Tevatron
A 44 Oon E_xclu_s_l_on
.-..-..-Expected .............. ‘ ............. .. .......................................
IIZIZIIffIﬁiIﬁﬁinﬁSéﬁédﬁﬁﬁﬁﬁﬁiﬁiﬁfIﬁ;fIZZIffﬁiffﬁﬁiEiﬁiﬁﬁﬁiﬁﬁﬁiﬁﬁéiﬁﬁ"'Iﬁﬁ.LﬁﬁiiIﬁﬁiIﬁﬁiﬁﬁﬁiﬁéﬁﬁiﬁﬁﬁfﬁﬁﬁfi:
----------- ] Flo Expected i h
----------- [ 326 Expected it

IIIIIIII III[IlIIIIlIIIIllllIllIIIIIIIII]

100 110 120 130 140 150 160 170 180 190 200

Exp. 1.45 @ 115

mH(GeV/c )
_ Obs. Exclusion 158-175 GeV
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s Discovery projections: chance of 30 discovery

Discovery

» Two factors of 1.5 improvements examined relative to 2007 analyses.

[* ]

(%]

(%]

Achieved conservative improvements. Working on aggressive improvements.
Result: exclusion my; 158-175 GeV. H>WW primary channel m;; > 128 GeV

Expect exclusion from CDF alone this year

Sensitivity for order 135-185GeV exclusion from Tevatron in one year
CDF+D0, m=115 GeV

CDF Run II Prellmlnary, mH_160 GeV

Expected Limit/SM

Summer 2004
Summer 2005
Summer 2007
January 2008

December 2008
March 2009
November 2009
JuIy 2010

8 10 12 14
Integrated Luminosity (fb )

Fraction of Experiments

— 20
-— 30
Sl o

1 1 T

T

| o]

-

6 50 1 14
Integrated Luminosity/Exp (fb’ )

Dashed: 1.5*Improvement
Solid: 2.25*Improvement
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Publication Overview

s Publlshed Wisconsin B Physics Results:

a Orbitally Excited B® Mesons Dr. J. Pursley, PRL 102, 102003, 2009
a Observation Bq - B, Oscillations Prof. M. Herndon, PRL 100, 082001,2008 (2" UW pub.)
a Search for B, —u*w Prof. M. Herndon, PRL 100:101802,2008 (3")

s Published Wisconsin Higgs results
a H—-WW — |vlv Prof. M. Herndon and Dr. J. Pursley PRL, 102, 021802, 2009(2"9)
a Inclusive H—=WW  Prof. M. Herndon and Dr. J. Pursley PRL, 104, 061803, 2010(3™)
s Tevatron H —WW  Prof. M. Herndon and Dr. J. Pursley PRL, 104, 061802, 2010
s Cover of PRL, PRL suggested reading, PRL special spotlight article.
s H—WW 4t Gen Prof. M. Herndon and Dr. J. Pursley Submitted to PRDRC 2010

a Published Wisconsin EW Physics Results:
s o(WW) Dr. Jennifer Pursley PRL, 104, 201801, 2010 (2"9)

a Expected 2010 publications: CDF only Higgs exclusion and o(WZ) Prof. M. Herndon,
Dr. J. Pursley, and J. Nett.
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Conclusions

s Wisconsin 1s leading a vibrant physics program at CDF of the

highest scientific interest.

s Covers from the fundamental issues of understanding QCD and

vector boson production to the central 1ssues 1n the field such as the
Tevatron Run II Prehmmary, <L>=591b"

origin of mass. = " LEP Exclusmn "~ Tevatron
z . .
210 |
s The Higgs boson search 1s in 1ts E L
most exciting era ever 3
2
SM Higgs Excluded: )
my = 158-175 GeV

100 110 120 130 140 150 160 170 180 190 200
. . mH(GeV/c )
Expect large exclusion, or evidence,

with full Tevatron data set
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