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Jet Physics at 2 TeV

Jet. W. v . Jet Cross Sections:
* new physics and

PDFs uncertainties @ high P+
- soft contribution @low P+

Under . W + JeT pr‘OdUCTIOH

event

* B - jet production

E—““ NLO QCD (JETRAD)
fragmentation % 1 Cone R=0.7, |n| < 0.5
107
10°
10° s = 1.96 Tev
107 xSEE00G e
10° Vs =18 Tev
Blg Increase in cross section '":’j: X2 @400GeV
10 1 1 1 ] 1 1 1 1 1 1 1
-l-hanks -l-o new /S 100 200 300 400 Eu{;T[G:E;
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Inclusive Jet Cross section

3 e Run I cone algorithm & unfoldin
3 10 CDF Run Il Preliminary | 9 m f 9
g 10 Integrated L = 177 pb’ e E¢' range increased by ~150 GeV
5. 1 0.1 <[np| <0.7
JetClu Cone R=0.7 . .
",310 Comparison with pQCD NLO
& 10 (over almost nine orders of magnitude)
52.2;—""""""""" r_ﬁ_ﬁ_—;
O 25 Integrated L =177 pb" =
« Runll Data 5185 04 <[l <07 =
[]+/- Systematic Uncertainty ;ﬁ}ﬁi Heiclu ConeR=07 N tod E
—NLO pQCD Uncertainty (CTEQ 6.1) g‘-f? ?gm—-«—'/ E
IIII|IIII|IIII|IIII|IIII|IIII| coaz_ . . | | | _;'_
0 100 200 300 400 500 600 .
Inclusive JETET(GGV) 54-52_ ®  COFRunliData, \=196TeV 3
ll.lo_.l 3; %: |:| Systematic Uncertainty E
-.U‘ﬁ 32— = NLO pQCD Uncertainty (CTEQ 6.1) —g
Data dominated by jet energy scale S 155 faet E
o 1;—_—- — E
1 1 © 055 =
NLO error mainly from gluon at high x S —
Inclusive Jet E; (GeV)
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Inclusive Jet Cross section vs 'y

Quark/Gluon Contributions to Cross Sction

711=712=0

0.8

0.6 —

GG Gluon-Gluon Scattering
QQ Quark-Quark scattering
QG Quark-Gluon scattering

Leading Order QCD (MRS0”)

N | n
1) 50 100 150 200

|
250

300

P
350

Transverse Energy of the Jet

400

450 500
GeV

Important gluon-gluon and gluon-quark

contributions at high- E-

10 4

=

E [] Beos

- [ ] cHorus

F [ com

A [ ] riNR-1HEP
F [] m.aB B97-010

[ ] Bcpwms
L [ ~wie

sL. (i CDE/DG Central Jets (In] < 0.7)

ZEUS 95 BPC+BPT+SVTX &
F H1 95 SVTX + H1 96 ISR

| [ ] zBUS 96-97 & H1 94-97 prel

E T T T T
. [] D@ Central + Forward JTets (Inl < 3.0)

e e

10° o 10
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Gluon pdf at high-x not well known
..room for SM explanation....

> o'l D@ Run Il preliminary
g’ - D@ data, Cone R=0.7
< 10> ;_ * |y|<05
= E = 15<|y|<2.0
_g:10 r;— s 20<|y|<24
2 E — NLO (JETRAD) CTEQ6M
'8 1 ;— Reep=1-3, B =pg=0.5 pT
10" L
3 Vs=1.96TeV
2
10 = Line = 143 Pb-1
10° &
= | | 1 | | | | 1 | | 1 | | | 1 | | | 1 | | | 1 | | | | | |

160 200 300 400

Constrain on gluon distribution at high x

Donatella Lucchesi
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Dijet Mass Cross section

<do/dM, >, pb/GeV 5 5 data/theory
£ 4 D@ Run Il preliminary i D@ Run Il preliminary
0E % 3[ NLO (JETRAD) CTEQEM  jrorrrmrmsessmsnssseees
oL *,:* —— D@ Data, L = 143 pb’ C Rep =13, Mg =1 =05p7 |
- *i*_ ________ NLO (JETRAD) CTEQ6M 2.5 :_ """ systematic uncertainty
1E | H}* Reep = 1.3, By =1 =05 pT™ F pdfuncer"t_a}]p:[_y_mj"-"'i
10" Ty o
5 = 1.5
0°F + Posestenc ey ?y ¢ l
of —*— 1 1
10 : - e I e l
1 - ey
10° £ coneR=07ly /<05 T ---------------- 0'5;
o cone R=07, Iy, [<05
10 ™""200 400 600 800 1000 1200 1400 0200 200 600 800 1000 1200 1400
M,, GeV/c? M, GeV/c?
Resonances or excess at high mass:
o new particles data/theory agree within
o quark compositeness large systematic errors

(mainly jet-energy scale)
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Inclusive Jet P+ Cross section

10’ e} <05, Core Re07 Agreement with theory within
o ) - . . .
?“:102_5 [ systemate uncetantes SYST@I'T\C(TIC uncertainties
5 VE —NLO (JETRAD) CTEQS.1
& L Rip=1-3. g =115 = 0.5 ET
Eﬂ) 3
o 2 6r o
~ 9 g | D@ Run Il preliminary
8§ F £ I
ot C ~— 5l

10'15- g :g;;;ﬂzﬂcs Cone R=0.7

o'k Lm=143pb" Lo 4T O ofmenanies Lim=143pb7

10° 3- NLO (JETRAD) CTEQ6M

D® Runll preliminary " R,.,=1.3, =g =05pr"
10 1t|m' . 'ztlin' - '360' - 'atIJu' - '5t|]u' - 'stllu' |
p; [GeV/c] 1
1
Hadronization correction
I R B
needed? 50 &0

August 21, 2004

NLO uncertainty due to gluon @ high x
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Data / NLO (CTEQ61)

Inclusive Jet Cross section:K+algorithm

Inclusive Ky algorithm
d, = min(Pr;,Por ) ARy,

d, = ( Tl.) Jet size

Infrared and collinear safe
No merging / splitting

8
K; D=0.7 - 0.1<|Y|<0.7
7 3 Systematic Errors
6 — NLO Uncertainties
5F NLO: JETRAD g, = = PY¥12
F NoHad./Und. Event Correction
4F 1 1
. L=145pb
3F
2k i !
f. ST
0: ........ NN RS RS NEE NS NN
0 100 200 300 400 500 600 700
P [GeVic]
August 21, 2004

| CDF Run Il Preliminary I

o+ +o;) 10

K; D=0.7 - 0.1<|Y|<0.7
—a— Data

Systematic Errors
—h— NLO (CTEQ61)
———— NLO Uncertainties

d’c / dY dP; [nb/(GeVi/c)]

1
1 3
4
10 L=145pb”
10
1

05

0-5 NLO: JETRAD
7F Mr=pr=PY¥R2

No Had. /Und Event Correchon

0100 200 300 400 500 600 700
P, [GeVic]

* Reasonable data-theory agreement

* NLO still needs to be corrected
for Hadronization /Underlying
Event
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Inclusive Jet Cross Section K+ vs D

| CDF Run Il Preliminary § [ €DF Run Il Preliminary | | CDF Run Il Preliminary §
= 10 = = = =
) 3 Ky D=0.5 - 0.1<|Y|<0.7 o E Ky D=0.5-0.1<|Y|<0.7 T af KiD=0.5-0.1<[Y|<0.7 o
% 1 B —a— Dala S 7 3 Systematic Errors 8 E Systematic Errors L =145pb
S 1()‘1 i- Systematic E_I'rors 'L_) 6 E — NLO Uncertainties S 25 C NLO Uncertainties
-E 102 r —— NLO ;‘I‘TEQ'{“_» S sE NLOJETRAD np =y = pHAX > ““E NLO:JETRAD u, = u, = PW&)2
T - NLO Uncertainties 3 E NoHad. / Und. Event Correction = 2 L No Had./ Und. Event Correction
s . r = aE . = —
4 F - 3 — 145 pb - C
- > 10" (= 145pp’ £ 3E Lo £ 1sE
=V. =0k E E °F
~F 10° NLO:JETRAD 2E -
r L= = YA E 1F-
104‘.’ E Up F T /¢ 1R--EEpescrw e o
2 [ No Had. / Und. Event Correction 0 E 0.5 o
o 2 L 2 i N M E N M " N " N 3 " L . L N M N " M
1 0 100 200 300 400 500 600 700 o 100 200 300 400 500 600 700 0 50 100150 200 250 300 350 400 450 500
P; [GeVic] P; [GeVic] P; [GeVic]
| CDF Run Il Preliminary | | CDF Run Il Preliminary | | CDF Run Il Praliminary
j— —_ 8 —_
=) 10 4 K, D=0.7 - 0.1<|Y|<0.7 o E K, D=0.7 - 0.1<|Y|<0.7 o= . K, D=0.7 - 0.1<|Y|<0.7 .
L © E T © 3k T 1
> 1r —a— Data 8 7 E- Systematic Errors S o Systematic Errors L =145pb
o 10" i- Systematic Errors 5 6 — NLO Uncertainties 5 25 E —— NLO Uncertainties
S 10% * {jt,i ;',“TE,Q"'TL;, S gE  NLOJETRAD up =up = PRS2 = “7FE  NLO: JETRAD up = uy = P2
= 107 3 1LO Uneertainties 3 E NoHad. / Und. Event Correction 9 2 C No Had. / Und. Event Correction
[ I = a4E . = C
= 10k PP = E  L-=145pb = C
= Z s F Lotewd £ 3 £ 15F
-— . E 10° B S E 8 :
© 10° f NLO:JETRAD 2 3
r _ = pMAX o E 1f== (A e ——
107 k Up =Hg =y 1E o
5 !' Nc.; Had. -‘ILlnd. El'cenl C?rreclin:'p R o 3 . . . . R . 0.5 | . . . . . . . R
10 o 100 200 300 400 500 600 700 [ 100 200 300 400 500 600 700 70 50 100 150 200 250 300 350 400 450 500
P; [GeVic] P; [GeVic] P; [GeVic]
| CDF Run I Preliminary § | ©DF Run Il Preliminary | | CDF Run Il Preliminary J
— —_ [ — =
= 3 =1.0 - 0.1<|Y|<0. E =1.0 - 0.1<|Y|<0. o =1.0 - 0.1<|Y|<0. :
= 10 K, D: 0.1<|Y|<0.7 o E K, D=1.0-0.1<|Y|<0.7 g 3 KiD=1.0-0.1<|Y|<0.7 .
> 1r —a— Data S 3 Systematic Errors " - Systematic Errors L =145pb
o 10" i- S matic EJ'r'ars pG 6 E — NLO Uncertainties 5 2.5 - NLO Uneertainties
2 107 | N rEnen S sE NLOUJETRAD up =up= P02 = TTF  NLOJETRAD ug =g = P2
= 1073 3 L Uneertainties 3 E NoHad. / Und. Event Correction 9 C No Had. / Und. Event Correction
o r = 4E \ =z 2F
=] -4 F - E - - - o
>_1o 3 L:ME-pb‘ = 35 L =145 pb = F
= -5 F = 3 = 1.5F
= 10 I =] E [=1 C
- w08 B NLO:JETRAD 2F C
10 I MAX E 1~
hd 107 F Up =ug = PY*Y2 1:___ ______________________ -
s [ No Had. / Und. Event Correction § o
10° 1 1 1 1 1 00 0. 50

o 100 200 300 400 500 600 700 100 200 300 400 500 600 700 50 100 150 200 250 300 350 400 450 500

P; [GeVic] P, [GeVic] P, [GeVic]
Frank Chlebana and

Andrey Korytoy  LNCreasing D data departs from pQCD NLO

talks for details = more soft contributions
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W + jets production

Background to top and Higgs Physics

< s Stringent test of pQCD predictions
' » Test Ground for Matrix-Element +

1 N W+jets :
e ML— : Parton Shower techniques

9§_< 9§_< (Alpgen Monte Carlo + Herwig Monte Carlo)
) | | | |

&
x
e

-
o

o'VE 3

T 1T T 1T T 1T T 1T T 1T T 1T T 1T & E CDF Hun " Pre"mlnary E

! | l l ‘ | < - W—ev+=njets, 127 pb”’

- CDF Run I Prellmlnary s [ 1 F corome Jets, 120ph ]

2 } Woev+>2 jets 127 pb 8 103 | w/ syst. + o of Jet Energy Scale.  _|

10 & e wn g JetClu R=0.4 (E ;>15 GeV.In, 1<2.4)

. A —— LO QCD pug,= Mw . g - A LOQCD uge=M2 Alpgen 7

> - N \ LO QCD M= <P-f-> ] g : ¢ LOQCD ppr=<p>" Alpgen :
o | ] ,

(lg A\ . 10 = E

P | Epergy scale - -

10 ~ i ]

S \ :

& | / 10 | E

4 CDF Data | - :

syst. + Jet Energy Uncertainty i |

1 jJetCIu R=0.4 (E :>15 GeV,|n, [<2.4) ) 1 = =

C 11 | | | | | | | I | L1 ‘ L1l | L1 I‘\I‘\ : | | | | | | ]

0 50 100 150 200 250 300 350 0 1 2 3 4 5
Di-jet Invariant Mass (GeV) | Jet Multiplicity (= n jets)
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Heavy flavor production: B-jet

CDF: DO
* b-quark tagged using « muon+jets data
displaced secondary , ,
vertices  b-tagging using p; of
secondanyvertexmass ~ ® invariant mass of muon relative to jet axis.
tracks belonging to
these vertices
determines b fraction

- DO Run 2 Preliminar
-40° L=150 pb-l CDF Run Il preliminary s — Q u € ary
T E % ® Data & LN\
> F o o ) 3
S LY . MC (Pythia) S0k N\ e Daa
= E w e L - AR
% = éﬂ., Syst P, scale I 5 E % ——— Pythia, CTEQ4M, 5R<0.3
o o ' | \\ \“‘

.-éﬂﬂ E_ F,?I‘ S | "\ 2 N
2 E B
> ol :% r"' » 10>
Ti0 = ﬁ;ﬂj ______
- 0.1<lyl<0.7 :%:::
10° =  MidPoint jet R ., =0.7
E -3 p————
:I | 11| | 111 ‘ L1 1 | 111 ‘ 111 | L1 1 | 11| ‘ 111 | N | 11 10 Se ) ~~~~
60 80 100 120 140 160 180 200 220 240 1 | 1 1 11 I 1111 I 1111 I 11 1 1 I 11 1 1 | 111 1 I‘~I‘~I~J ml~:~”-l I 1 1 1
Corrected Pt (GeV) 20 30 40 50 60 70 80 90 100

E® (GeV)
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Beauty and Charm production at Tevatron

o(pp — bx) versus (pr(Hy))
CDF Run Il Preliminary

W Run Ib Exdusive B+ comactad for fo=0.4

100

doldp(H,) nb/ (GeV/c)

PO CTEQEM, 7t 75, e, =27 57 i

=eme FORLL mcertanty Fom POE 104, mass, factorzalon

fWl=1.0

15
pqH,) GeVic

Data: o= 29 = 6ub,

FONLL: 0=27.5
(CTEQ6M m,=4.75 u=u,)

See Paul De Jong talk
August 21, 2004

® Bun |l Inclusive b— oy X, oly=1.0=20 £6 ub

LT 1
‘wimi. & FunlaExdusive B+ comacted for fo=0.4

25

Cacciari, 0 T sy ]
131 S - i
Frixione, : y(I/%)] < 0.6
Mangano, 3 ~
Nason, T % [ Points: CDF
. . = _1 | _Curves: FONLL ]
Ridolfi B :
= - o(pg{J/¥)>1.25 GeV) BR: T
compared dataz i 19.9%38 nb (CDF) ™
+o FONLL and § w2 L 18.3*23 nb (FONLL)
MC@NLO: B ‘IS)o]ilcli ldlis;,_o%ram: MCL?CN$§£017i26 Zb,b k
r asne 1SLograrm: . A n s
(JHEPO7 (2004) 033)0—3 1 1 1 1 | |g 1 1 1 | 1 1 L L ‘ L 1 1 |L:
o ) 10 16 20
pr(1/¥) (GeV)
25 D° Data/T heory Cross Section
_ _/J L=5.8 pb
"
0: | 1 L ! 1 | L 1 1 L | 1 1
r'enor'maliza’rio%’rosr'izaﬂon Scales " p0) wevicl
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B and D Physics at the Tevatron

* High cross sections + optimized trigger & detector =
possibility of high precision measurements

e All b-hadron and c-hadron species are produced

e Constrain the Standard Model and search for new physics:
B Lifetimes, B, Lifetime difference
 Branching Ratios and CP Asymmetries:

B decays
* D decays
« B states
* B mixing

August 21, 2004 Donatella Lucchesi 12



b-hadrons Lifetime

> Lifetime Ratios
* test HQET QCD at NLO:

) 1 09:0.03 Ts) g g7.0.05 Ty 0-0.01
©(B,) T(Bd) t(B,)

hep-ph/0407004
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candidates per 50 um

B*/BO Lifetime Ratio Results

CDF Run Il Preliminary B+%J/1P K+

B'>JyK' | ~240 pb'1+ data

B ct(sig)
ct(Bkg )

—ct(Bkg)

CDF

‘CB"'/‘CBO .

&~ T

1.080+0.042(tot.)

| DO

T~

10 = |
E7F B 5 uyK® L~240 pb! . gata
o [
n .
5 10° .ct(Sug)
% ct(Bkg )
[}
® 102 —ct(Bkg )
:E =
'g Fit prob: 64.2%
©
© 10 E

1 E

|

*
+CDF Run Il Preliminary BO%J/IP K 0

0.2 0.3

P

— ratio in bin of
visible proper
decay length

Dé Runll Preliminary, Luminosity = 250 pb'1

= 035 | +*INDF = 4.0/5
= |
Z m
X 0.3 +
q -+ —0—
-4 L

0.25 *}

02 [

L o | [ IR R
015, 1 0 0.1 0.2 0.3 0.4

Visible Proper Decay Length (cm)

tp+/ 150 + 1.093+0.021(stat.)+0.022(syst.)

10 Fit prob: 44.2%
10
1
|
01
Dé Runll Preliminary, Luminosity=250 pb'1
| ct=M0.10,0.15N cm?", -
e s B—uvD*(2010) X (86% BO)
400 | » oD
«‘:}4“2& ¢~ 4} .wDﬂf
200 |- / \
L 4}% _Qf}/ {f\
[=ee- W%N—Qﬁre*“
0o = -2 o o O
06 1.8 2 22
M(Kn) GeVic?
Fo~o-
2000 | ° —:ﬁ? B —u'v DO (820/° B+)
{r_o_ {; 0 OM+K+7I-
1000 |- Coand N
I \%MQM
%6  1s T i T 2

2
M(Kn) GeVic?

t5+/150 : 1.086+0.017(tot.) W.A.

Donatella Lucchesi
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Ay—=J /YA

A./By4 Lifetime Ratio

BY—J /KO,

D
o

Candidates per 50 MeV/c 2

10

B (5]
8 & 8
TTTTT] TTT

%]
o
TTTTrTT

_I\I\llll\‘ll\l‘l
2.1 5.2 5.3 5.4 5.5

Dé Run Il Preliminary

1 | 1111 | 11
56 57 58 59 6 R
Invariant Mass (GeVi/c °)

1

£
= Dé Run Il Preliminary
8 .
g 10 =
o =
8
1] [\
el
'E N
310 E +~ * *
1= e T ‘
10-1 | Il 1 Il 1 ‘ 1 Il 1 Il | Il 1 Il 1 ‘ 1 Il 1 1 | 1 1 1
-0.05 0 0.05 0.1 0.15 0.2

August 21, 2004

Proper decay length (cm)

~ 200

Dé Run Il Preliminary

(2]
S180
2
o160 [
®
8140 |-

250 pb-!

w
£120

i

Ny = 291+ 23

53

5.2

Covvv L vy 1
2.9 5 5.1 5.4

Invariant Mass (GeV/c 2)

+0.107

tp,=1.397 -0.098(stat.)x0.031(syst.)
T,, =1.221 8:;; stat.)+x0.043(syst.)

Ty, =1.229 :0.080(syst.)  W.A.

v, /%, 70.874 oy (stat.)£0.028(syst)

> 0.87+0.05 from theory
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b-hadrons Lifetime

Lifetime Ratios
* test HQET QCD at NLO:

) 1 09:0.03 Ts) g g7.0.05 Ty 0-0.01
©(B,) T(Bd) t(B,)

hep-ph/0407004
B. Lifetime Difference
» Am=m,-m=0 and AIl=I-T;=0
* SM expectation: AT, /T ~ (7-14)x10-2
* Indirect Am. measurement (model dependent):

AT
% =3.9*%x107°
Am Fermilab-Pub-01, 197

* B.— J/y¢: Pseudoscalar—Vector-Vector

 Decay amplitude: 3 linear polarization states
B ~CP even, B ~ (different angular distribution)

August 21, 2004 Donatella Lucchesi 16



B, Lifetime difference: B.—J/y¢ f»éi,?;

Cs,
/N

Fit the decay rate as function of Ay, A, A, I AT =y

RO | Ag= 0.750:0.017:0.012 A, = (0.473+0.034:0.006 )e(286:022:007)

candidates per 50 um

|A,|= (0.464+0.035+0.007)e015:0.15:004) ¢ . = 154+0.05+0.02 ps
Consistent with B factories results

CDF Run Il Preliminary L ~ 260 pb”

3§— Bs —> JI\|I ¢ - data BO

Sig

—Sig A, =0.784+0.039+0.007
9w | A = (0.510£0.082+0.013 )e(1:94:036:0.03)
Bkggueme | |A, | = (0.354+0.098+0.003)

+0.25

J Fitprob: 264% | AT = 0,47 -033 +0.01 ps!
i t ‘H ’ ‘ AT/T= 0.65 ‘024 +0.01
: oy s e s - AT/T'=0 excluded with P = 1/315
ct, cm AT'/T=12 excluded with P = 1/84

AT/T= 0.71 *954+0.01
with [ =Ty constraint

AT results Am =125 22
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BO, Lifetime: BL°—J/y¢ one component

CDF Run Il Preliminary

2

N225°? § [ B> Jiyo ~-data

- ~ 100— i .
3 337events Dé Run Il 2 " N Mmsig)
o 2001 preliminary 2 .| Fitprob: 89.6% m(Bkg)
1 b f
&150 o 60[T - |ll Lll +l++
; g Ty i
§100: + % a0l + +
2 S I
8 50— 20—

_‘ 1 1 1 Il | 1 L | 1 Il 1 1 ‘ Il 1 Il \ c_ L L L | L L L 1 1 |

5152 T 53 54 55 56 DO CDF

Invariant Mass (GeVIcz) ‘

5.3 5.4 55

(unKK) mass, GeV/c’

P

§ 8 CDF Run Il Preliminary
S 'L (@ Dé Run Il E | B.odwe L240 opt 0
S = H H 3| ~ -
g preliminary -g 10 P B ctsig)
g10°E o ct(Bkg ,,)
3 -% 10" — ct(Bkg o)
g 10 = =] Fit prob: 26.9%
3] E [
o S 10
1L
- 1 | —
10-1 ‘ - h.‘ ﬁ m T
01-005 0 0.05 01 0.15 0.2 0.25 0.3 o |
Proper Decay Length (cm) -0.1 . 0.3
ct,cm

Ratio respect to B 0—J/yK™
t./t, =0.980° 095 (stat )+0.003(syst.)  Ts/Tq =0.890+0.072(tot.)
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Charmless B Decays

Marco Rescigno

Char‘mless B — pr‘esenTGﬂOh °f_0__ 1% un“Pre"minarysevenisirl;sz:r?:ﬁiu;:r?d'::-1
eCY Expected BG events = 0.75 +0.41
Measure AT ,\w‘%\s |
Extract information on o and y Q\f’
Direct.€P small = test SM i3

I

BR(B.—¢¢) = (1.4+0.6+0.2+0.5)x10-° gIH H m

PR Y I O N I T O T AN NN N
5 5.2 54 56 5.8 6

2
m., [GeVicT]

Charmless B, . — ( , ): See Giovanni Punzi talk

v'"Measured relative B./B_, Branching Ratios
Determine AT(B.—~KK) and compare to AT'(B.—J/y¢)
Measure direct P : B,—K*n eventually also B.—K*

Extract y, eventually
August 21, 2004 Donatella Lucchesi 19



Branching Ratios and CP Asymmetries:B—h'h

C D <un 2 “re’ rr||Jy/ L 180 pd

4

per 16 [MeV/c

Fverts
5
Q

1l T T T T A T I A 11 11 11
4.9 5 5.1 5.2 5.3 . 5 56 5

o Mess l;@//f]

BR(B, —n*n")
BR(B, — K*K")

<0.10@90%CL.

NB,—K=n")-NB,—K'n")

Decay |#B
Bd%K*'J'[’,' 509
Bd%JfJT,' 134
B KK | 232
B, K" _ Agrees with B-factories
BR(B, n_) =0.2 /V()6(s'ra'r)+ 0.05(syst)
BR(B,—K*n")
f. BR(, — KiK_) =0.50+0.08(stat) = 0.07(syst)
f,BR(B,—K"n")
f, BRB, ~Kx') 4 11@90%CL.
f,BRB,—K"n")

Acp =

NB,—=K=a")+NB,—K=n")
Babar:A =-0.133+0.030(stat.)+0.009(syst.)

August 21, 2004

=-0.04+0.08(stat)+=0.01(syst)

Belle: A =-0.101+0.025(stat.)+0.005(syst.)

Donatella Lucchesi
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B. R. and CP Asymmetries in D Decays

(DY —KK)/T(D° —Kn) = (9.92+0.11(stat.)+0.12(syst.)) %
better than PDG (10.23+0.21)%
['(D° —nn)/T'(D° —Kn) = (3.594+0.054(stat.)+0.040(syst.)) %
better than PDG (3.62+0.10)%
CP Asymmetry: A= [[(DO—f)-I'(DO—f)]/[T(DO—f)+I(D°—f)]

4000 CDF Runll Preliminary L=123+7 pb 0CDF Runll Preliminary L=123+7 pb

S | DD oK 'K “E‘*’ D D o
= 299%F N, = 8030+ 140 0 3 0o Ny = 3674 + 68
£ 3000} TClg D flGVOf’ %
> r -
w - . L
2500 using © charge
2000/ *
: from D
1500[-
1000, .
500[
10 L I I I | L L L L | 1 1 1 L | I I L L 0_ |||||||
75 138 1.85 1.9 195 78 T8 18 184 186 = 7o o2
KK Mass [GeV/c’] nn Mass [GeVic’]

A(DO—KK) = (2.0 £1.2+0.6)% A(DC%—nn) = (1.0 £1.3+0.6)%
better than PDG (0.5+1.6)% beTTer' Thca‘n PDG (2.1+2.6)%
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Resonant structures in Br* system at DO
Orbitally excited states L=1, B™

T'~150_ MeV/c? I~20 Mey/c?
AMyy/2, 73/2~100 MeV/c? = "_———
In this analysis S0t oo
B*—J/yk- | T
B = BOSJT/pKO + mp, |
BO—J/yK, |
200 | L=350 pb-! Dé Runll Preliminary 3 —B—-*"' . ——
N=536x114 | =T = S oy
150 |- | G”O'e,,
100 ﬁ# P
7 M(B,)=5724+4(stat.)=7(syst.) MeV/c?
% 7 % M(B,")-M(B))-=
N N 23.6+7.7(stat.)£3.9(syst.) MeV/c?
0.2 0.3 0.4 0.5 0.6 07
B,—B"x, B*—By M(Bx) - M(B) (GeVic?) FI:FZ =
| B,*—B"n, B*—By 23+12(stat.)+9(syst.) MeV/c?
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Mixing and CKM Triangle

= 12 Amd:O502t_OOO7 |:)S-1

Noff - 1 -
d d EO E E b BO
. AM, b 7 1_ \ S

; = Vierl  Re(V,,)%0.04
Re(V,,)*0.04 > Re(V,4)*0.007

1

0.8

0.6

0.4

0.2

0

AL
-0.2| Tl ] cb ,,‘\ nn Zn Lo v NN

M| T

-1 -0.5 0 0.5 1 B
Parameter | Value + Error | 99% Probability Amg>> Amg
| 0.348+0.028 | [0.275-0.418] .
World Average limit
P 0.172+0.047 | [0.051-0.302] 9 m

Am, > 14.4 ps!
sin(2p) | 0.725:0.033 | [0.627-0.793]

sin(2a) -0.16+0.26 [-075-0.48]
Y° 61.5+7.0 [42.3-81.6]

Am(pst) | (18.3:1.6D | (15.1-27.0 IS
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B mixing: what we need

Opposn‘re Side

(]E*F charge fragmentation

b

\ REEE particle: x, K. Same Side

- 1. Final state
reconstruction

3. Tag B flavor at
production time

2. High resolution on
proper decay length

measure efficiency ¢ and dilution D: eD? gives the
“effective” number of events

August 21, 2004 Donatella Lucchesi 24



Philip Gutierrez

Bd m|X|n9 R@SU'TS talk for details

B, mixing measurements = test the machinery for B,

Dé Run Il Preliminary

CDF Run Il Preliminary L = 245 pb™' Asymmetry=(N """ N")N""" N
0.54 F—-,r D, D" — D’ r, (D° — K'm) 1_SOfT AN
Ggger‘ 0.43;- --------------------------------------------------------------------------------------------------------------------------
- | . ozLL
= : r
e ol . SR S | Opposite ™ N
o= _1"“'«-.._q____d_ﬁ-" o S'de -
R B - tfaggers %
=0. 5 e -0.45 250 pb™ OS muon tagging
0 0.1 Proper cﬁ.&%}r ength [cn{?njj 0 005 /04 0.15 0.2 0'2\7PDL, o
AM=0.506+0.055(stat):0.049(sys) ps-!
Combined tagger:
J9 :D2(%) CDF DO

Am=0.536+0.037(stat)+0.009(s.c)

+0.015(sys) ps-* SST | 1.04+0.35+:0.06 |1.00+0.36

Soft 1 | 0.698+0.042 "3.937 | 1.00+0.38
2 = N °
eD* =1.820 =0.114 (%) Soft e | 0.35+0.05(stat) i

Jet-Q |  0.715:0.027 ~1
August 21, 2004 Donatella Lucchesi 25




B, Mixing Sensitivity: Limit

3000

2000

1000

0

Dé Runll Preliminary, Luminosity = 250 pb'1

B5suén X

¢ won
L] wen

9481A253 D_5¢ "
3365A239 D*s¢ n*

soon

CDF Baseline:
SDZ - 1.60/0
0;=67 fs

Am,~ 9 ps-

August 21, 2004

DO will have
D, —K*K

Number of Entries/ 3 MeV

CDF Run Il Preliminary

L~ 245 pb™

400 —

200

B, > I'D, X
N(D}) = 2356 + 69

: 1.85
° . CDF Run Il Preliminary
9 2 A m sensitivity in 250 pb™'
% 5 - Semileptonic Data
S 4
= B
€ 3.5
Q
»n 3F
2.5¢
2F "
’ 55 95% CL Limit
{1 ESretohed %\
0 5; Baseline \\‘
. g \\‘\\“-~§§\___‘
00 10 20 ,',30

e
M(¢ 7) [GeV/c?]

CDF Yield:#10/pb-!

CDF Stretched:
SDZ - 2.60/0
0; =47 fs

Amg ~ 15 ps-!
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B, Mixing Sensmvn’ry Limit (Combmed Datasets)

CDF Run |l Preliminary
B.—»D.n,D.,—0m

L = 264 pb’

N=339%t22
=i BBy

e

L]
T

Entries per 10 MeV/c’
N8 A o9

L]
T

-
=

5.6
D, = Mass [GeV/c7]

CDF Baseline
D2 - 1 6°/o
0,=67 fs

52

RO
o

Semileptonic and
hadronic decays:
B.—D,mt and B.—D3x

Number of Entries / 10 MeV/e®

ignificance

g L=264pb"
sl
70 | B,—~D,3n NB,) = 95+ 17
60
S5B8= 1.0

1N

w

o
I
I
Sianifi
( : N ( .
Ola NGO WO Moo
TTTT I T T[T I T[T TTT[TITTT

JI |
iy l

. VI I
5 55 6

RSN Fbet Dl

CDF Run Il Preliminary

A m, sensitivity in 250 pb™’
Combined Data

D,—~¢n D, —om
D, =3 = CDF Stretched 1
D, —K*K D2= 2.6%  Stretched )\\
% 10 '204 | ; ﬂ%o
m, (ps
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B, Mixing sensitivity: CDF Reaches

5o observation:

CDF Stretched:  Amg=19 ps'~6 times more data
SDZ - 2.670

o, =47 fs Amz=24 ps-1 ~10 times more data
—~ 35, CDF Run Il Preliminary 35 CDF Run Il Preliminary
fé 30; 56 obsefgﬁﬁinobr}niwf// é 30__950&% ::]nguotl Ew/
S 25 v E o5 /
= g S
15] _— g /
10 / Stretched Stretched
5 Baseline Baseline
% 10 15 20 25 B S S S E—

Scale to current yield Scale to current yield
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Summary & Conclusions

* Rich program at the Tevatron !

+ QCD

- different jet algorithms

» constrain gluon PDFs at high x

- study boson +jet physics

* measure B +jet cross section...

* Beauty and Charm competitive with dedicated experiments:
- €P being investigated in B and D decays

* Lifetimes measured for B?, B+, B_ and A,

» All the machinery for B. mixing measurement ready...

.. keep an eye on the Tevatron: something could be around
the corner.

August 21, 2004 Donatella Lucchesi 29
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The Machine

Chlcao DO

Teva’rr'on

. l .
4 L90e peak®
~2x10325-1cm-2

Boos’rer' S TN e - 36 bunches

T T : + 396 ns crossing
sourcef S i time

- FERMILABS ACCELL&&&’]‘ 9}6 J_ev

= 0 MAIN INJECTOR

4 .-_—-l- N

—

|
TEVATRON \\Q‘EEVCLER T

= b= i
Z NN
\ BEERD ‘\\ /J;'/’ TARGET HALL
A SUNTAEY ANTIPROTON
\\ \\\\:\r s KSDL!HCE
N COF ) ~||;, )
BT 5 } ~ BOOSTER
= -__~_;-_:._ = LINAC
. " COCKCROFT-WALTON
— o)

Main Inj eCTor. & R@CYCIG[" NEUTRlN/;j:;:;’;E::’/MESON i
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TeVatron Luminosity

* Peak luminosity
- Best 1.01x1032

* Delivered/on tape

+ ~ 450 pb-! available for}
analysis now

.......

GaliLs

- 660/520

pb!

Collider Run ll Peak Luminosity

2007

Delivere

1.20E+32 1.20E+32
1.00E+32 1.00E+32
by
L]
o
8.00E+31 *“‘. BO0E+3 &
ey 1 s
: Z
k= l“ w
Y
E gooesl s e0E1 §
- Y T E
= Y A 3
& A i =
4 00E+31 s s 400E+3 S
1 o
. ¢
; A R Ak
[
‘a.‘; 4 aalt L 2 00E+31
bl iy s # . .
ry
7 ”  J
- e —— ———————— DO0E+00
— — — 4 4 4 ™ ] (] m [ur] [ur] [ m " = = = =
S £ 2 == 2 :=55%=5=32222%=285ZE5°8& =
g 5 8 8 ¥ ® @8 8 @a @ =¥ g 8 a S &

On tape
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The DO Detector

Forward Mini-drift

chambers Central Scintillator

LR R

LA LR L

".'-I-‘.'-l‘-‘.."|-'.<§'l|:.=!'g-'.n\“l:'-'hn"'-' n-_-_:'ﬁ.q‘l.'_.:]".'_p-.n-|%r-,.,n- 2ot !

Forward Scintillator

HOFRTH

L ':ltj:_drrl

SAUTH

5 o

Shielding

I
] -.L...‘..;
(L)
A : 2
1

""39( Upgraded muon coverac
i+ New Tracking System

I+ New Silicon Micro-vertex

New Solenoid, Tracking System | | | | |

- New Solenoid
- New Pre-showers

Si, SciFi, Preshowers ;
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The CDF Detector

Central Muon Central Calorimeter (E H)

Wall Calorimeter (H)

Plug Calorimeter (E/H)

Forward Mugn

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon

August 21, 2004 Donatella Lucchesi
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Jet Physics at 2 TeV : Jet algorithm

* Measurements performed at
hadron level.

* Theory: known at parton level

* Hadron £ parton transition
depends on parton shower
modeling

» Jet algorithm definition is
fundamental to compare data
and theory

* Use of cone based algorithm
in h-f space

“calorimeter jet”

“particle jet”

auil]

“parton jet”
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Systematic uncertainty at the same level

Kr)

o
.

(B.—
o
e

resolution on Ae

o
Q
@

Q
]
N

o
o
&

o
o]
a

.04 [
0.03
.02 |

c.01 F

v,

0

Prospect for B—h'h

- o(CDF) ~ o(Babar)/0.7 for same size samples
CDF currently has ~3 times more events on tape:
- same yields as current 200fb-! Babar

+ Expect ACP measurement at ~4.5% level from available data
(does not account for latest improved tracking and inclusion of TOF in

PID)

s (A"cp) -

B — K'n

L L PRI T T T T A L P T T T TR
1000 2000 3000 4000 5000 6000 7000 8000
Integrated Luminosity (pb™)
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CDF Runll Preliminary

B° > nn
e D?=5%

IIIIIIIIIIIIIlIIIIIIIIIIII
1000 2000 3000 4000 5000 6000

1 | Ll Ll
7000 8000

Integrated Luminosity [pb ']
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B. Mixing sensitivity: semileptonic decays

CDF Run Il Preliminary

S -
N . @ A mg sensitivity in 250 pb
CDF Basellne' %4-5§ Semileptonic Data
2 — o “‘;_’ 4+
SD - 16 /o .5,3.5
01- :67 fS » 3
25 _——Am~15 ps-!
CDF Stretched: 157 \ci%m
2 - o E_ Stretched \
eD2=2.6% AmM ~9ps_ﬂ<; Baseline §
- S E L L
oy =47 fs % 10 20 30
35 CDF Run |l Preliminary Ams (ps ? CDF Run Il Preliminary
Tg 95% CL limit sensitivity "_‘; 5 50 observation sensitivity
= 30 Semileptonic Data o 30; Semileptonic Data

;E] 25? / f: 251

o
1 5: / : /
10: Stretched - m/

5; Baseline |

: | Baseline
0: —— e NIRRT R R R E

0 1 2 3 4 5 ok e

1 I S R N N R NI A BT N
Scale to current yield 0 5 10 15 20 25
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B, Mixing sensitivity: hadronic decays

Yields per 250 pb!

B.—Dx and B.—D3m

D, —¢n 320
D,—3 x 115
D, —K*K 200

CDF Baseline:
8[)2: 11578
0,=67 fs

CDF Stretched:
8[)2: 2.63@
0,=47 fs

August 21, 2004

CDF Run Il Preliminary

A m, sensitivity in 250 pb~

o
2 Hadronic Data
g 2.5
™
=
Ds e(I)J'IS 90 .E’ 5
n 5% CL Limit

-1 i
Am, 9PS 05 - 55 2
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: 20}
20 / i
: 15|
15¢ i
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5 Baseline 5
: oL
— Lo by
% 0

—_
(&)
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| Baseline

R
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CDF Run Il Preliminary

/ Baseline
| 1 1 1 1

rvation sensitivity
Hadronic Data

6
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Scale to current yield

c e e b b
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Rare Decays: B, .—uu
Only via Flavor Changing Neutral Current in SM

BR (B> uru)=(3.4+0.5) x 10-°
BR., (B> u w )=(1.00+0.14) x 1010 HIAS
Large enhancements predicted
in other Models: MSSM,
mSUGRA, SO(10) ,RVP

See Matt Herndon talk

b MSSM

CDF

o
@

= Dé Preliminary

Signal region

entries / 20 MeV/c 2

Side Band 1 Side Band 2

TR T

= =
© ©
T T
c c
= =2
T
e e
T @©
O O
" w
o w
m m

of events / 5 MeV/c¢?
P OO ANDOO®ON
‘IHl\II‘IIIlIIIlIIIIIIIlI\Il

[~ =X~} [ QU G 'Y

#
e
on

Il

46 48 5 52 54 56 58 6 62 O—'s~ £ 52 54 56 58

invariant (. 1) Mass [GeV/c'] M(u'w) [GeVicT]
BR(B;—~uun)< 3.8:107@90% CL. BR(B, —uu)< 5'8°10_—79O°/0C.L.
BR(B, —uu) 1.5-107
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Combined BR(B,—uu) 2.7x107 @90% C.L. SO(10

m,,—3 TeV, m,=500 GeV
o e g !

New limits exclude large regions of
previously allowed parameters

Bys—uu: Future

Best published limit (CDF) J

Extrapolations based on 110 pb™']
using In()1<0.6, P,(B,)>6 GeV/c]

* this result with 171 pb™ A

expected limit BR(B,— u*u™) x 107

| 90% CL Upper Limits
|

| 1 |
0 100 200 300 400 500

Runll Integrated Luminosity (pb™")

[

Contours of constant

# (Qev)
g & g 3

BR(Bs—>uw)
Allowed by Dark Matter —=F-.
constraints n
i e il

N
% Ne 07 \& f
RN

!

MSSM
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