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Integrated luminosity (fb1)

SRV on tape : 7.5 fb-'/exp.

e -end 2011 : ~ 12 fb™?

T— ~ 2-2.5 fb/year

'x _ ‘W”"/’ ~

TEVAKRON A DISCOVERY I\/IACHINE;

Luminosity delivered : ~ 9 fb"" 227?

Expected delivered Luminosity in Run |l

on tape : ~ 10 fb-"
* “Run [II” (2012-14) being considered

———————————
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TEVAT“A SM DISCOVERY |V|ACHINE

Luminosity delivered : ~ 9 fb"" 227?

Integrated luminosity (fb1)

SRV on tape : 7.5 fb-'/exp.

e -end 2011 : ~ 12 fb™?

T— ~ 2-2.5 fb/year

Expected delivered Luminosity in Run |l

on tape : ~ 10 fb-"
* “Run [II” (2012-14) being considered

———————————
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WHAT THE/LUIVIINOSITY ALLows Us TO SEE

Tevatron Run I, pp at s = 1 96 TeV

_1010
Luminosity on tape : ~ 7.5 fb™' /exp. : a2 .1
~ 10T Jets : §1°83 -
= pdf, alpha-s §10 ! "
=>di-jet mass: substructure 210"
=> jet structure S510°1
~40 MW->Ilv and 4M Z->1l: S 10513
= W-mass measurement S ] B
=» production asymmetries 8 10313 -
~ 20k top- l+jets: t10
=» Top cross-section and mass 1021; e
=>» Single top production 104 ® a _
~ 4k WWs>llvv, 400 WZ->lllv, 402z > llll: 4 ° ;
=>» observation 10_15 I
=>» Constraints on Higgs production 102?
Vet He.',,,‘gl;v?' W, 2 Wi Wzt 2 LN
Dedicated Tevatron talks : - M_=160

Top (Tommaso Dorigo) , Higgs (Mark Neubauer) and BSM searches (Sergey Uzunyan)
=» Some emphasis on EW and QCD results

5/10/2010 Ursula Bassler - LHC Days@Split 4/
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L\IK"SIGN DI-MUON ASYMETRY.

Charge asymmetry in semi-leptonic B-decays: Abl =
S

like sign events tag B° oscillation

N, - N"

N + N,

— Dimuon charge asymmetry of

w semileptonic b-decays
measures CP-violation in B,
and B, mixing

meson mixing: B> B° 5> u™ X

— N,7%, N,-~ —number of events with two b hadrons decaying
semileptonically and producing two muons of the same charge

— One muon comes from direct semileptonic decay & — ¢ X

— Second muon comes from direct semileptonic decay after neutral B

The measured value

A’ = (=0.957 = 0.251 (stat) = 0.146 (syst) )%

at D@ at 3.20 from

the SM expectation!

Ay (SM) = (<0.0237356) %

5/10/2010 Ursula Bassler - LHC Days@Split
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A
:

2

- At the Tevatron: production of B°; and BO,
* Fraction of B%, and B° measured by CDF
« Charge asymetry A, is a linear combination of a4, and as,

A" = (0.506 = 0.043)a’ +(0.494 = 0.043)a’,

-0.01F

- DO A,
'0°02: = Standard Model

- — B Factory W.A.
- B DO B—D, u X

IlIIIllllIllllllllIIll

-0.04-0.03-0.02-0.01 0 001
a

SM contribution negligible
- Signs of new physics?

-0.03

d
sl

5/10/2010 Ursula Bassler - LHC Days@Split 7



B MIXING

2 mass eigenstates:

B b - uct Vis s |B>=p |Bs>-q |B> |B;>=p [B,>+q|B>
BY ) Wé w ( B? If CP is conserved thenq=p
S . uct b Al =T, -T,~2|l,]| cosd, with b.=-2B, mixing phase

New CDF and D@ result at 0.80 and 1o from SM =» closer than previous results
= LHCb: 5% precion expected with 500 pb-*

CDF Run Il Preliminary L=521b"

0.6 —— 95% CL
i — 68% CL
0.4 —— SM prediction

o 0.22_
DN ‘@

-0.6-

/B — T/
./ (D@,281b")




HIGGS SEARCH
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HIGGS SEARCH AT THE TEVATRON

CDF Run Il Preliminary, <L> = 5.6-5.9 o™

e Low Mass Higgs (mH ~<135 GeV)

= ) .
o . |Lep ———— T ey
. E 3 F=ii P ! . P
— H->bb, QCD bb background overwhelming E107 Excl.  — PR T Griaseios
- ZH—lIbb 5.7 ﬂ:'. Obs T : 2:::' :b:
— Use associated production to reduce background o [N s e T
. . 32 2 — H ‘w:lvbsb;‘vb gu[ ’
e High Mass Higgs (m,, ¥>135 GeV) B10 7 Ao

— Combined Obs

— H>WW-=Ivlv decay available
— Take advantage of large gg—>H production cross section 1°
Threefold strategy

e Maximize signal acceptance, reduce background 1 s pomm—
. . . 100 110 120 130 140 150 160 170 180 190 200
e Employ multivariate techniques m,, (GeV/c?)
e Combine all available channels of both experiments
I z SM nggs Combmatlon i = Observed Ok
| Events produced at each Tevatron experiment in 1 fb ~— Ly mmmw I‘xpccud ]
70» -é 10 . DO Prellmmary, <L>—6 1 fb I Expected £io |
w S I T Expected £20
S Ho WW- by o O P N N '
L\Q
R
v WH — Ivbb
e ZH — wbb | 3 ' ‘
. :f’H_;:lva_’ v | R ‘Stundu’rd Moflcl: I:.O
— - Total : i ; i 1 : H i l
- e e s s B St e s
3 10 120 130 140 150 160 170 180 100 llO 120 130 140 150 160 170 180 190 200
_ » Higgs mass (GeV) July 19,2010 m,, (GeV)
28 b 3

5/10/2010 Ursula Bassler - LHC Days@Split 10
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_C(D\;II\\/I INED LIMIT ON HIGGS IVIASSv

Tevatron Run II Preliminary, <L>=591b"

IIIII IIIIIIIIIIIIIIIIIIII IIIIIlIIIII IIIIIIII

> LEP Exclusion ~ Tevatron « Combined 95% CL

=00 oo Exclsion :

= Eﬁﬁiﬁﬁﬁfﬁiiﬁﬁﬁﬁiﬁiﬁﬁﬁﬁﬁﬁﬁf?fffilﬁﬁﬁgiiii:‘vﬁfEZiffEEEEEEE?ZEfffffZiEEZS?SESEEEEEEEEESEEE*ififﬁﬁfffi;;fE55335333322533333533335: exclusion values for

: 20 Expected ] 100<m;<200 GeV

C Bl e L 4o

Q , . , : : : 1 eie .

§ R ‘ — . * Sensitivity to low
. . : mass Higgs rapidly

A.A,EIﬁﬁIﬁilﬁﬁiilil;ﬁiiﬁllﬁilﬁil growing

_ .‘T'TTTfTEfth."lgxf N S‘?“||Ji“'y1“‘fl"
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

=» High mass exclusion between 158 and 175 GeV
* Weak dependence on the theoretical x-section :
- with 20% less on gg—>H exclusion still ~ 160-172 GeV
- effect of large systematics even weaker.
=>» no hint of a signal in the 155-175 GeV region where you would expect a > 2 sigma excess

5/10/2010 Ursula Bassler - LHC Days@Split 11



Towards the Higgs

DI-BOSONS
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( DIBOSONS PHYSICS

Observation of Bosons at Hadron Colliders

5/10/2010

* Probe of electroweak sector of the 10°
standard model 10°L W ~ Observed
, ] S & — Theory
cross sections z 10t | il :
» gauge boson couplings 3 1983
. g 10° CERN WY L ozy |
* Background for Higgs searches 3 | il il :
. o . o o = i :
» “Validation” of multivariate analysis 2 10° 1995 | WW |
i Fermilab :
techniques B 40 | 3005 VYE 2z
. . 8 Fermllab
Charged Triple Gauge Couplings § : Fe,,z,ﬂ,":b 2??048
» probed by WW, WZ, Wy - Fgrmnlabg

5 TGC parameters:
g1?, K, Kz =1in SM
A, A;=0inSM

Neutral Triple Gauge Couplings
» probed by 77, Zy

WW+WZ+ZZ - 2 jets + mE;
CDF (3.5fb™1): 0= 18.2 £ 3.7pb

observation at 5.30

4 TGC parameters:
h3Y, h3%, h4Y, h4Zall 0 in SM |

WW+WZ-> Iv + 2 jets
DD (1.1fb™1): 0= 20.2 £ 4.5 pb evidence at 4.40
CDF(4.6fb"): 0= 16.5"33 ; , pb observation at 5.4

Ursula Bassler - LHC Days@Split
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CDF Run Il Preliminary (5.1 fb”) B Dot

Zy-> eey, MMY, vvy (5fb1) f e, | e
* Cross sections in good agreement with SM 7 | B
* Y Espectrum used to set limits on TGC i [ oweon s o
=> Most stringent limits (A=1.2 TeV) _ :
R e e
CDF  -0.022,0021 -0.018,0.020 -0.0009,0.0010 <0.0009 :
1|, e R
* ZZ signature well established N o Photon €, oY) ™
. 2007 - 5
by both Collaboratlons ?‘180: CDFRunIIPreIiminaryJ.Ldt=6fb' §2.5:— D@ Runll, 1.7 fb : ::::z
"0 i w [ sign
Zz-> IrY (6fb?) 1ooF i B socorouns
CDF: 0= 1.7*120 .+ 0.2 pb “r & T
observation at 5.7¢ 1005 150
80 _
Zz-> lIPY and ZZ>llw (2.7fb1)  © T )
D@ : 0= 1.60 + 0.65 pb o 051
: - ‘ L
observation at 5.70 %560 60 80 020 140 180 fgg 00 Errr by et T

my,

5/10/2010 Ursula Bassler - LHC Days@Split
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* Triple lepton final state WZ-> llI'v

CDF: 0=3.7*%% /, £ 0.6 pb (ML fit to NN output) (6fb!)
CDF : 0=4.1%+ 0.7 pb (Normalized to NNLO Z cross-section)
DY : 0= 3.9*10  , pb (4.1fb})

* Cross-section in agreement with NLO: 0,,,=3.46+0.21 pb

Extract limit on WWZ coupling from
DD Zp. distribution:

-0.075,0.093 0 0
0 -0.053,0.156 0
0 0 -0.376,0.686

Most stringent limits from direct
study of WZ production!

5/10/2010 Ursula Bassler - LHC Days@Split
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4
2
c
@
>
w

Events/30 GeV

CDF Run |l Preliminary J- Ldt=6fb"

[]Z5 pp+jety

- data
[_Iwz
1 ] Z- ee + jets

. [NZ->pup+y
. T [(]Z>ee+y
6:‘ - . L3
as
=~ ,‘,
2]+ |
t;.;:_._. o "T.f:’:’ ':L.:-'z'l'}.:.; .o 3l
% 20 40 60 80 100 120 140 160 180 200
W m,
25-I LJ T I L) L L l T L L) I L) L L I L L] L) I L L) L) l L L) L I l-
r —*— Dam 2
. [ Background D ]
20 __ SM WZ + Background 0 .
[ == A=01,Ac= 02 3
15 — A=-01,Ax=-02 _
10F —F— : -
om— — LD R | NN I S ]
5-_ _________ : =]
[= m‘
% 20 40 60 8 100 120 140
Zp_ (GeV)
15



Towards the Higgs

SINGLE TOP

5/10/2010 Ursula Bassler - LHC Days@Split 16
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| Q‘\SINGLE ToP PRODUCTION

2Jets 1Ta CDF Il Preliminary 3.2 " ; -1
Single Top Signal Significance £ 30[ M single top| (3 a0l DG 231b
Cross Section Expected  Observed 5 » EweEewez| & Ranked
® [ M waq 1] Combination
DG 23 arxiv:0903.0850 My, = 170 GeV § 20k gimm § 20 Output > 0.92
4 3 maco
3.94 +0.88 pb 450 5.00 g | cdata | L
O 10 S 10
CDF 32 arxivi0903.0885 m,, =175 GeV [ g
06 :
2.3 55 pb >590 500 £ T 0035 O 100 200 300
M (Ivb) [GeV/c]] Top Quark Mass [GeV]

* Tevatron s- and t-channels production
* Observed by CDF and DO in 2009, 14 years Single Top Quark Cross Section August 2008
after top discovery :

, DB Leptonsiets 231" | 3,94 1088 op
» small cross section ; *;z:
» large background with large uncertainties COF:Lvionsiis 3207 | b 217 055 PP
» multivariate technigues necessary CDF MET+jets 21" ! 50 23 pb
o= 2.76+0.58_0 47(stat + SYSt) pb Tevatron Combination 2.76 i3;§$ pb
W™ « Allows to measure |V,, | : I D m =170 GeV
o | Vtb|=0.9110.08 (stat+syst) L ML)

* Sensitive to new physics 0 (P - th*X, tgb+X) [pb]

5/10/2010 Ursula Bassler - LHC Days@Split 17



Higgs Constraints

SM CONSISTENCY

5/10/2010 Ursula Bassler - LHC Days@Split 18
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Hig ~s' SIMI CONSISTENCY CHECK

Derive W boson mass from precisely (Summer10) |

measured electroweak quantities | —LEP2 and Tevatron (prel.)
80.5- - LEP1 and SLD

known to 0.015% _

68% CL

* m~
2 >
M2, = ™Mz) 1 L oo __
%4 V2Gp 1— M /M2 1-Ar : 80.4-
known to 0.0009% M, known to 0.002% - o
80.3 1
Ar: - large radiative corrections ,
- dom.ipated by tb ahnd.Higgs loops 150 175 20
- sensitive to new physics m [GeV]
E m,,=(173.3 £ 1.1) GeV (0.6%)
W W — )
a ('- \ 2 m,, =(80.39910.023) GeV (0.028%)

= Am,, ~ 0.006 x Am,,, ~ 7 MeV
for equal weights in Higgs limits

=> Prediction of the Higgs boson mass and consistency check of SM

Ursula Bassler - LHC
5/10/2010 19/23 Days@Split
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CONSTRAINTS ON HIGGS |V|ASS

1SRN

° ° ° g 9 g ;32 ‘:‘%36
¢ Indirect limits: 5 -
\ = < =
Electroweak precision measurement 8 ¢ 3
| ]
Precision EW fit: o e
=[47,159] GeV@95%CL 2 _____ E
° Direct |imitS: ° s 100 150 200 AzsolMA [G;si)o
LEP: m,;,..> 114 GeV @ 95% CL }
TEV: my, # [158;175] GeV @ 95% CL 5 /
CEEEE S Yiterlf |
Combining Direct and Indirect Limits - - -
GFITTER : 6 .
m,=[114, 157] GeV @ 95 % CL 2 e s
————— Fit excluding theory errors |
M, [GeV]
5/10/2010 Ursula Bassler - LHC Days@Split 20



Higgs Constraints

TOP MASS
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( Top QUARK MASS

Mass of the Top Quark

July 2010 (* preliminary)
* Measurement in different channels consistent CDF-dilepton 167.4 11 4c10-49
* Different methods produce consistent results D@-! dilepton . 168.4 212812309
top_173 3+1. 1(t0ta|) GeV CDF-lldilepton* 170.6 + 3.8 - 22-31)
. D@- dilepton * 174.7 £ 3.8 (:29:24)
* 0.6% relative uncertainty _ a1,
L . . . . . CDF-I lepton+jets 1761+ 7.4 (=51:53
. Pr-ec.:|5|on is now-llmlted. ma-lnly by system-atlcs 00 letomsiets 01255 cannan
=>» joint effort on improving its understanding COFlloponiets s 1750212 carin
D@-Il lepton+jets * | B 173.7 + 1.8 z08=18)
CDF Il Preliminary CDF-| alljets 1£=56.0 +11.5¢100-57)
160 CDF-ll alljets R 1748 £+ 2.5 - 17=-19)
~ @ CDFData (56" H . ————
o 140 .Backgro:n: { PrOblng CPT' CDF-Il track 175.3 £ 6.9 (=62-30)
Q '
% 120— ¢ ‘{aM_ =0 GeVic') 4 A Mo, tagged Is top quark MaSS | 1evaton combination* 1733+ 1.1 -06=09)
& > . ° (= stat = syst)
3 100 [Jf(a M, =4 Gevic?) equal to antl-top ¥2/dof = 6.1/10 (81%)
© ol 1 1 | | | |
¥ ’ quark mass? 150 160 170 180 190 200
s T My, (GeV/c?)
W 40 CDF : AM,, = -3.3 * 1.4(stat.) + 1.0 (syst.) GeV (5.6 fb™?)
s DY : AMtop = 3.8+3.7 GeV (1 fb2)
Aso— 100 50 o s 10 150 First measurements of mass difference of bare quarks
ey Am,...(GeVic’)

Ursula Bassler - LHC Days@Split 22
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(QUARK PAIR PRODUCTION

oAl }

rrrrJyrrrr—r 'VV"'V'!
[1I” Cacciari et al., arXiv: 0804 2800 (2008)

* Top pairp roduction cross- | 7~ Kidonakis & Vogt, arXiv:0805.3844 (2008)

E! Langenfeld, Moch & er, arXivr‘0906 .5273 (2009)
section measured in all e | - B
channels exce pt T24Thad :.Le_gtg.;;.):ets (ANN) 7.63:0.37:0.35:0.15
e Combined CDF cross- Lepton+Jets (SVX) = 7.14:0.35:0.58+0.14

(L=4.3fb)

section has a precision of 6%  ,,.qonic
.. (L=2.9 )
=>» exceeds precision |
CDF combined
expected for the Tevatron i

7.21+0.50+1.10+0.42

7.50:0.31:0.34:0.15 ; SR

m=172.5 GeV/c? 4 = Cacciari etal JHEP 09 127 (2008) e

[ == Moch and Uwer, PRD 78, 034003 (2008)

11 | I ) I I I ) I l | I | T I 1

c(p% - tt) ?pb) . 150 160 170 180 190
Top Mass (GeV)

=» mass from cross-section 169.1*>1 . ,GeV consistent with direct mass measurement
Reconstructed Top Rapidity (Lab)

. ; - F'COF i Protiminary | —Dak || AS“+0073:ocas
sowans rorwann® NEW physics could give rise to asymmetry §4oo§°°‘ SIHT e b -0l

ALT™ = .0.0085 + 0.0021

«* *due to interference effects 3s0; L | ae oom: o |

/' o 300

N

CDF (5.3fb)): Ap=15.0£5.0 (stat) £2.4 (SySt) % o'\ orors acie
o 200 backward event
' SM prediction AFB =5+1.5% (NLO QCD) 15057
Agp = '—-B  p@ (4.3fb1): Ap@W =8+4 (stat) £1 (syst) % 1oo§
F+B  MCprediction A" = 1*2, % (MC@NLO) 50, 4
% - : . s 2

o 2 (P A
5/10/2010 Ursula Bassler - LHC Days@Split 23



Higgs Constraints

W MASS
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TEVATRON W IMASS COIVIBINATION

SR

i CDF 1l preliminary 310000:@) DO, 1 fb™ +D/a\t§'r -
LEP Iegacy: 15000 ;ﬁﬂaéa 3 7500 -xz/:;kgzg:;d
M,,=80367+33 MeV - D200 8 ono)
B JLdtz2.3 fh -
i Amg™ =16 MeV/c? 2500
5000 N ydof=72/48 T
L \L N | 1' x 2;|+ |Jf l |+H l+
ol — ] O #’W#ﬁ mm
Tevatron: %o 70 80 % 00 -2ty
* . m, () (GeVI/c?) 50 60 70 80 n910 (Gev)m
~ 500 000 W->ev candidates analysed ! T
. . CDF Run 0/ ——e——  80.436 = 0.081
 Tevatron combination:
DO Run | ——&—— 80.478 = 0.083
mw=80420i31M3V (0.038%) CDF Run I ——i 80.413 = 0.048
* Precision still statistical limited by Z Tevatron 2007 e 80.432 = 0.039
calibration sample! DO Run Il —— 80.402 = 0.043
° World Average (Summer 2009) Tevatron 2009 —— 80.420 = 0.031
LEP2 average —— 80.376 = 0.033
mw=80399 i 23 Mev World average -0 80.399 = 0.023
BIO 801.2 80.4 801.6“"”
GeV
5/10/2010 25/23 Mw (GeV) Ul

Days@Split



'x’ X mw—-.

Qm( W-WIDTH I,

* The high m; tail contains Ty~ G+ 2fes) F}l”’ 1+ 68,,)=2.089 +0.002 GeV
informationon I',
. . . Width of the W Boson
- Exploit slower faIIoff of Brelt-ngner Veasurement | L, MeV]
compared to Gaussian resolution CDF.Ia o 2 032+ 329
- I, is expected to agree with SM CDF-Ib —e— 2,043+ 138
I . . f D& ° 2,242+ 172
almost irrespective of any new o ! 0354 72
physics DIl —e—- 2,034+ 72

¥2/dof=14/4

3

2 D@ Preliminary, 1 " Tevatron Run-l/I| —— 2,046 + 49
O 2/d.0.f=75.2/75 :

S x - DATA LEP-2* | —— 2,196 + 83
£ — FAST MC | World Av.* = 2,085+ 42
I.I>.I1°3 : g }

* (Preliminary)

1:; ; 1600 5000 2400
E? By <* ['w [MeV] February 2010
- New world average:
o F +++*++ ' ++++++ 4 ++++++++++++*++*++++ H+++ +++++ +++++++ m I, = 2085 = 42 (stat + syst) MeV.
'250 - Theory: T, = 2089 + 2 MeV
5/10/2010 26/23 Ursula Bassler - LHC
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EW-PHYSICS

5/10/2010 Ursula Bassler - LHC Days@Split 27



e

— :ki ‘ \%

New high statistics DO muon

charge asymmetry data confirms previous
deviation from theory at high p;

Global fitters (MSTW,CTEQ) have
problems incorporating DO lepton
charge asymmetry results :

— Tension with low-x data

Preliminary re-analysis of CDF result

A(y,,) — A(n,) confirms DO result!

Asymmetry

R

MD{LEPTON CHARGE ASYMMETRY
15N 2

0.3 8 N i
- DO Preliminary s, ¢ 8 3 ¥
0-25E" 25 < p! <35 GeV £ '

- <p;< e B
0.2 P> 25 GeV |
0.15—
0.1
0.05—
C —— A, (L=491b")
0 —— A, (L=0.75fb")
- — CTEQS6.6 central value
-0.05— === MRSTO04NLO central value
C CTEQS6.6 uncertainty band

PRI I T T T T T S S A T S (A S S ST NS |
0% 02 04 06 08 1 12 14 16 18

e Currently being investigated by theorists and

experimental teams

— 03
0.2 - PACEr ST RN " r
- P o > F O E 2 el aesseeeees
L o g 02 E;>35GeV .- e
S of >, E Vo
% - 5 oo H { ' E
E [ ’, 011 ATt
€ 0.2 25GeV<E; <35GeV (o e
5 : i“"._ o 1"‘ *
B IR »
8 04 i .
t‘i B CDF Run Il Preliminary 1 b data (e) 0.1 CDF Run Il Preliminary 1 fb™' data (e)
s 0.6 — (no systematic uncertainties) r (no systematic uncertainties)
E § B 02f 1 umwase
r ry 5 fb’ data (1) o DO Run Il Preliminary 5 fb' data (1)
08 1 RESBOS wlllh CTEQ6.6 1 1 g : it RESBOS with CTEQ6.6
05 1 15 2 25 R K- R - S Y S
Leptonn Leptonn
5/10/2010 28/23
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W
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Pseudorapidity
0.4 8"
Coos |-
D@ Preliminary g,
) | £ T — 3 i
03 pl > 35 GeV B i
P! > 25 GeV . —

-
-
-
-
-
o=
-

—— A, (L=491b")

—— A, (L=0.751b")

— CTEQ®6.6 central value

----- MRSTO04NLO central value
CTEQS6.6 uncertainty band

Covo by 1y
0% 02 oa

0.6 0.8 1 12 14 1.6 1.8
Pseudorapidity

Ursula Bassler - LHC
Days@Split



X\ %d"""}’ ~ .

Z Fo /-‘(RD BACKWARD ASYIVIIVIETRY A

_ rest frame
forward e of e*e™ pair <« Average 0.23153 + 0.00016
/( 0 _ . "
q Z q ® Ars determines the Aw T —
ot ‘/ba Ceward relative strengths of V-A A% i B 23159 = 0.00041
. . A, (SLD) —@— 0.23098 + 0.00026
y or —op  boson-fermion couplings as
FB— ——— .
OF + 0B well as sin? GW AR S e 0.23221+ 0.00029
o AQY —_—— 0.23220 + 0.00081
® Arg sensitive to new resonance i - AT
(f.g Z’) via interference with Z/y*
A, (DO) . ® : 0.2326 + 0.0019
1 K
fost CDF Run Il Preliminary with 4.1fb” 023 023 0234 0236
0.6 I —— _— sin? ol
0.4 Future Tevatron precision ~ 0.0005

) AAAAA ..... AAAAAAAAAAAAAAAAAAAAAA Pythi;prediciion - DO 1.1fb'1:
SN nfalded (statssyst)l | gin2g = (0.2326 +0.0018(stat.) + 0.0006(syst.)

——e—— Unfolded (stat. only) |

World =0.23153 +0.00016

RN
60 70 100 200 300 Mio?Gge?cz)

Ursula Bassler - LHC
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QCD

EW-BOSON PRODUCTION
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Z{ﬁRlOSS SECTION AND RAPIDITY

NHLO CTEQB.1M : J.P lin etal. hep-ph/02011395
umplin atal. hep-p 1.2 MRST PDFs Error

reconstructed from
leptonic decays

. g - L . e o NNLO MRST (* = 84/28)
° Z_Boson rapldlty - CDF Run Il Preliminary with 2.1 b 1.25 . NLO MRST (3 = 106/28)

Data/Theory

* High rapidity (y)
probes high-x region
=>» sensitivity to d,

do(y /Z)/dy (Pb)
5

30F- 66<M_, <116
- & Positive rapidity

20 Negative rapidity

10:_no luminosity uncertainty included
I~ Only statistic uncertainty considered

oo_. B .olsl N +Boson1l;sapldltyé N ‘25 3 ° 0.5 1Boson1Rsap|d|1y2 2.5 | .3
Down valence distribution at Q% = 10* GeV?
e Shape well described by NLO QCD g T R
Total cross section |y| <2.9: s o ]
0=256.0+0.7(stat)=2.0(syst) pb £ 6% (lumi) : 1
o(y>0) = 256.4 + 1.0(stat) pb ]
o'(y<0) =256.9 + 09(Stat) pb 0.1 MSTW 2008 NNLO (80% C.L.) ‘3;.

236.1+1.93 pb NLO CTEQ6M

7
% MRST 2008 NNLO

WA NN R

252.6 £3.1 pb NNLO MRST 2006 0 R
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oy e e ey — -1
- Vector boson p; spectrum sensitive to initial state § ' E.. D@é
o . . . . 0] C ]
radiation => stringent QCD test (reweighting) < 10% -
o = -
. . . -U B i
- Low p; spectrum sensitive to multiple soft gluon ¢ ‘0“’55 E
emission =>requires resumation techniques/mode g 1o¢L | .. -
. -1 H *— T ) - == NLO pQCD + corr. ]
Recent DO result (7.3 fb) uses new variable ®*=a. 10°E  pyTHia perugia 6 4
m,, based on the two lepton directions oF 65<M,<115Gev :
10 E muon Inl < 1.7, muon p,> 15 GeV a
! Lol ! I | L !
1 10 100  Zp;
Il
p(lepton1) pT aT p(leptonZ)
L N = 1.15— (a)lyl <1 IH - (b)1<lyls2
e Pacop. . N Y : I l
T S 7)) 1j ............. i ’ ¢ | ] : o | e
| S P S é i ‘méi;ﬁ li | {T*“{“ | H
Recoil 2 09 Xony = 4328 - Hoou = 1228
[]
% 1.2_—§ Iyl > 2 |_| - D@73 Lt:;‘dm
=> |less vulnerable to detector e \Lho bt Lo nln|ff 0 cedata
. e el . . i T 'ﬁ% ﬂ } u““l_ ............ ResBos (tuned g,)
resolution limiting precision i \ I ResBos (small-x)
0.8 { { - PDF uncertainty
of p;(Z) measurement T i : it i :

Data does NOT support “small-x broadening
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QCD

PHOTOPRODUCTION
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PHO'[R\I\\I AND! DIPHOTON PRODUCTION

Study of QCD dynamics:
* know quark couplings
* sensitivity to gluon pdf

* no need of jet definition
But: experimentally difficult

du to nt® background

. Signatu?e for very interesting physics processes :
Diphoton+X model independent BSM searches
* Invariant mass distribution measured with good

precision
10|||||||IIII||||||||||||IIIIIIIIIIIIIII|IIIIIIIIIE
CDF Il Diphoton 5.4 fb" Dat 3
E;>15,17 GeV, n|<1.0, === Dala ]
AR>0.4, 150<2 GeV — DIPHOX CTEQSM
4 & Preliminary =1, =g =M72 =
-- RESBOS CTEQ6M 7
--------- PYTHIAscaledx2 ]
10" =

do/dM (pb/(GeV/c?))

3
R

ol 1

3
b

10%

10° Ly
vy Mass (Gevlcz)

100 150 200 250 300 350 400 450 500

Higher order
corrections (beyond
NLO) needed as well
as resummation to all
orders of soft and
collinear initial state
gluons

Ursula Bassler - LHC Days@Split

10* 2 (@ —e— CDF Data, L=25 b
. systematc uncentainty
. —&— NLO pQCD JETPHOX
10 o CTEQ6.1M / BFG Il
. TR TR TI =
e e CTEQ6.1M PDF uncertainties
1 ® . scale dependence
- u=0.5E: and p=2E;
-
10 ape
: -
2l .
10 E
al ——
107 m1<1.0
u E'T5° <2.0GeV
4 e
1OE_.I|I lllllllll III I Illlllllllll
1.6
1.5
1.
1.3
1.2 -
141
1.0
0.9
0.8

50

100

150 200 250 300 350 400

E} [GeV]
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QCD

JET PHYSICS
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Tower E; > 0.5 GeV

&t Collimated jet of particles

originating from E
quark and gluon

jet fragmentation

antiproton

CDF RUN II
Run 163064
Event 6753986

CDF Run Il Preliminary

>10"F D@ Run I o |y|<0.4 (x32) 10" ¢ _ S
8 o o 04<ly<08(x16) 8 F  o=07 Jet reconstruction :
-8_ 105 ] 08<|y|<1 2 (X8) E 10° - \\ J‘L=1.0|‘b'1 ﬁ{s(;e?g;:gog:-z;not:?,m cone based
> o 12<lyl<i6(x4) | & [ —e— Mo - .
S0° s 16<y1<20(@) | F 10 A coresedto ragreve | Algorithms (CDF,DQ),
2 10° s 20<yl<24 | S D e e oo POFuncertainies k; algorithm (CDF)
o 102 w._ 10 \ "'{.,*’ e
10 S e T m—
Eo 1025 e sy, vt Central jets :
1 \I§= 1.96 TeV u_"Jh :: \... m"}"a._" TSrra. hi h x
10'E L =0.70 fb" E 10° o, %“'w ~"’*:“_;;‘W 0.1<|y" [<0.7 {x 109 g
25 Rype = 0.7 6 L - g

10_3 cone = 0 l:\_lo 10° [ *,.* Yo 07|y | «1.1

10" — NLO pQCD = ) -

10™4E +non-perturbative corrections 10" :: "'3;..‘\ 11<ly™ |<1 6 107)

-5 _ - — Y -
107 CTECS.SM Mg =h =Py o F swaicn FOrward jets :
10- I I I I I I I I I : -_I 111 I L1111 I | | I | | I
50 60 100 200 300 400 600
0. (GeV) o 100 200 300 a0 SMall x
a

piET [GeVic]

5/10/2010 Ursula Bassler - LHC Days@Split 36



— .k\ X dﬂ:f'",}’

Qh‘Né\CLUSIVE JET PROD

UCTION

=2 10" 4 :
R —=— CDF data (1.13fb ) ——e—— CDF Data (1.13fb™) / NLO
= % 10" || systematic uncertainty PDF Uncertainty
O - «— NLO pQCD s MRST 2004 / CTEQ6.1M
= 107 .. C_—_—_] Systematic uncertainty
. IS o :: o,f++ Midpoint: R=07,1,... =075 BN Including hadronization and UE
T - .'. . . .
o> £ el e Midpoint: R=0.7, f,,.,.,=0.75
© 10 . ++_._ R
L .. - —_— 3.5F 7
102 . e e ly|<0.1 (x10") ab o
N ——— : 0.7<ly|<1.1
10'5; .o e - 0.1<|y|<0.7 (x10°) 2.5f osf —
10°E - —— 0.7<y|<1.1 . 4 2 Wyij_’f—'l_,_'_,i
:: ...=°= e . . |
10'“i ——— 1.1<]y|<1.6 (x10°7) /b TTT TTT Y B8
_:"_ 6 * PO TR TN W N TN TN NN WO Y TN TN TNNNN WO NN TN TN TN SN NN TN TN TN TN NN SN NN NN NN NN SN SN NN AN |
10 1‘ : L1 1 1 1L 1 11 ‘16T|¥IT21'11 (IX1101 )l l | - l Ll L 1 l Ll 1 1 J 0 100 200 300 400 500 600 700
0 100 200 300 400 500 600 700 ET (GeV/c)

Phys. Rev. D 78, 052006 (2008)

Pr (GeV/ C)

* k; and cone-based algorithms in good agreement with NLO
* Improved Jet Energy Scale (error 1.2-2% )
 Data corrected for effects from the underlying event and hadronisation

* PDF uncertainty exceeds now experimental error!
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Q@L/UON DENSITY AT HIGH X

« Tevatron jet measurements complement

o 25 ¢ - HERA measurement: unique constrain on gluon
5 *F - density at high x
= 3 in MSTWO8-fit : lower gluon density at high x
1B — .
< b - from Run Il data compared with Run |
., ... ... ... ... ~=CTEQfitabouttocome
é é 16 jet \\2
2 = - Le<lyl<pe
] ; ; 0:£
- - 5 Gluon distribution at Q% = 10* GeV?
L - s s 5 - ' T
0.5 ; f— 3 — MSTW 2008 NLO (68% C.L) .
- 5 { | S B 44444+ Fit with Tevatron Run | jetdata |
2.5 - I - I ‘ I > B =292 Fit without any Tevatron jets 7
2 £ L 16<y<20 - ‘:3 A 20<py<24 B HiH zEUs 2005 ot NLO i
. _ _ ,  HERAPDF1.0 0 N
L E - e Dorum = .
s = - ]
N S B R U S S I | i
0 200 400 600 200 400 600
P, [Gevic] I _—
102 : A
0.1 0.2 0.3 04 05 06 07 0.8
X
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* uses the P; dependence of the jet x-section
proton ‘le‘ * v?> minimization of data/theory points :
- 22/110 points on the inclusive jet cross section
- 50 < P; <145 GeV (high p; excluded to minimize
PDF correlations)
sntipreton ‘M - medium x-region (0.2-0.3)
HERA results extended to high P;
D biieatae  @s(Mz) =0.116177 ¢35 *NLO+2 loop
. 0.8<lyl<1.2 (x8) | ¢ 5 thresholds

= DO Run |l

ocs(pT) o HA1
A ZEUS

e DO

1.2<|y|<1.6 (x4) corrections

1.6<|y|<2.0 (x2)
2.0<|y|<2.4 * PDF: MSTW2008
0.15 NNLO

- \Is = 1.96 TeV £0.0047 .
FL=0701b" 0.1 B3 «M;)=0.1161 "5 5048 Highest
= Reone = 0.7 ., (DD combined fit) . .
- NLO pQCD 0.14 oM, | PYECISion
+non-perturbative correctlons L& 4 4‘% A, 4 s\ Tz
: T

- CTeasM 4, i, __p 0.12 = from hadron

L I 11

),
Q

III|‘IIIII I

1 1 1 0-1 1 | 1 | I [ e
10°56060 100 200 300 400 600 > collider!

p_ (GeV) 10 10
T Irsula Bassler - LHC Days@Split p; (GeV) 39




o Ltq,.

— PDF uncertainty

403 b o b
02040608 1 1.214 2t

M [TeV] coos o{MAST2004) / o(CTEQSE.1M)
JJ 1-57 <oe o2 X ) folg) ‘,_/_/_l_{
* Di-jet mass distribution scanned for , i’

resonances = new physics (compositeness,
Extra Dimensions, Z’ production) |
* In good agreement with NLO calculation 200 400 600 800 1000 1200 “5‘;
=» Distributions now taken over by LHC! my [GeVic]
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|—|1 015
-1 5 4
DO, L=0.7fb! 220<lyl,, <24(x10° =10 — — -
h +16< |y|max <20 (X104) 2 3 Mldpomt. R=0.7, |y |<1, Linl =1.13 1
10 Ns=1.96TeV 12y <1607 > 107 —+— Da
0.8< 1yl <12 (X102) o] 102 Y —o— NLO: NLOJET++, CTEQ6.1M
|_| 1 011 Rcone =0.7 . 04| |max 0.8 (x10) = LR corrected to hadron level
¢ o4 < ygaz <o .g- 10 .0’ n=pre"(jet1,2)/2, R, =1.3
g 9 o ¥l o <0 — * o [ Systematic uncertainties
= 10 == 1 ..
st s, .-
<107 =10 e
3 ° .
— . ©10? .
-g 1 0 % 10° ——
&l =
3 -4
© 10 10 -
10 CDF Run II Preliminary -
10 = -NLOpacD T S P T N N B B
+non-perturbative g- e
1 0-1 corrections b4 ® - COF Run Il Data (113 f ) / NLO pQCD, CTEQ6.1M
Mo =R = (P, +P,)/2 25/
T T2 ﬁ u Systematic uncertanties
-~ :
&
o




Sensitive to QCD radiation: test of MC models at NLO

Three-jet mass cross section Ratio R(3jets/2jets) vs p; leading jet
* well separated jets (R; > 1.4) ® Prmax > Prmin + 30 GeV
* different regions of p,
=>» reasonably well described =>» Best description by Sherpa
S0 E T T T 3 : 7oy : . - —— SHERPA
© D@ Preliminary P, >150 GeV, |y|<2 4- g 02 Aol |- DO preliminary o pyrya
S 10°E WP >40GeV (2 & i | o |~ e perugia hard
- F lpT3>70 GeV 1 3 | i N i - ---  tune Perugia soft
) B ] ) r r
Em.l 02 E pT3>1 00 GeV ?E ”c\\, 0.1
Q % ~ 3 D:m 0.05 L E
O B ’
© 10?\/7 | = n i . T e
= \'s = 1.96 TeV 2 o F—
1L 20T he 07 . R DQ prliminary e
3 i = O R W N tune W
: Systematic uncertainty - =R - 3 S B
10'1?— NLO pQCD+non-perturbative E IS ,z-? - -
- 3 S L,=071"
B correctlons =l = 1/3 1 £ 005 F - ’ -
102 E | ll ll (p i p + p ) = _ Prmin = 50 GeV|f Pron = 70 GV ;
0.4 0 6 0 8 1 0 1_2 1 4 0“0 200 300 500 100 ~ 200 300 500 100 200 300 500
M3jet (TeV) Prmax (GEV)
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STRUCTURE OF HIGH P+ JETS I

. Selection of jets with p; > 400 GeV

ot * Invariant mass of leading jet (80% quark induced expected) :
— low masses not described by Pythia

 energy distribution within the jet : search for boosted objects
— jets energy less concentrated than in Pythia
— influence of underlying events?

1 _
\ . ) 1—
To( R, pr) = —2w; sin” 0; [1 — cos 0;] "
CDF Run Il Preliminary 0o U2
- Midpoint R=0.7, 400 < p!"" <500 GeVic, 0.1 < [1™"| <07, “E Midpoint R=0.7, 400 < p™" < 500 GeV/c, 0.1 <[n™"| < 0.7,
ShLL = P*? > 100 GeVic, m™” < 100 GeVic?, S, _ <4 0.181 90 <m™" < 120 GeVic?, pF > 100 GeVie, m"" <100 GeV/c’, S, <4
—ie  Data — Data
0.007 -
.......... e— N 0.16[
=] - Systematic Uncertainties
&:‘ 0.006 |- Sy ic Uncertainti S 014
% E Theory Curve (gluons) : 012 EE O\ ] | T Pythia 6.1.4
0.005— s V-le”
g '_—" Theory Curve (quarks) f - Theory (quarks)
iE_ 0004 - £ 0.1¢
-4 FE : Lint =5.95fb = —
TIo < 2 0.08f
..-l % 0.003 - - .
= = £ 0.06f ot
0002 5 £ 004 + +
" ) +++H++
0: L L 1 1 L | L L 1 T - Ry 0 I S T} a1 | - ' “‘*“"! 1 r{- :..ﬂ A-H’ :{1
100 150 200 250 300 0 0.01 0.02 0.03 0.04 0.05 0.06
m*" [GeV/c?| o
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The Tevatron tests extensively the Standard Model

— Despite its age, it keeps performing very well!

e A wide range of physics processes are studied:
— Precision measurements in QCD jet physics

— The most precise hadron colliders measurement of o,

— Precision measurement of the top quark and W masses at < 1%

=> Critical input to EW theory fit for Higgs boson mass

e Small cross-section phenomena now accessible due to large
luminosity: Maybe new physics in B, mixing?

e CDF and DO are working very hard searching the Higgs

=>» Evidence for it in the mass range favored by current theoretical fits
of EW data is within reach at the Tevatron

... especially if the machine will continue to run beyond 2011
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