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Experiments at the Tevatron

Tevatron is a unique place to study
B, and b-baryons
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now 2fb! on tape, results
today based on ~1 fb!

Luminosity still increasing

egood forward tracking
eexcellent muon coverage

e Ar_inB_ - J/P(uy) @
« B, oscillaitons & charge

asymmetry in muonic
B decays

e momentum resolution
» spectroscopy (Z,)
e displaced track trigger
e gives unique access to
hadronic decays e.qg:
* CP violation in Bs-hh
« B, oscillations in hadronic

decays

Aart Heijboer ¢ B_ oscillations, Al'_ ¢ and discovery of = ) ¢ Moriond EW e March 12 07 e slide 2



Discovery of new bottom Baryons
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Candidates per 5 MeV/c?

See Jen Pursley's talks in the
young scientist forum on Tuesday!
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The B_ system

T s B, transforms into By

A \ —

B, ala)-(zet, i)

st b ot | Bs mye™ % — Ty my — il B,
mass eigenstates are linear combinations.
1 _ 1 _
e.g if no cp violation: |BH> — —(|B> — |B> B = —(|B)+ |B
7 |Br) ﬁ(l )+ |B)
Two questions for the rest of this talk: SM: ¢ =0
@ Does this process violate CP conservation: what is the value of ¢? '
@ two handles: AT
@ charge asymmetry in a sample of semileptonic B_ decays A?i = tan(¢;) 5
@ look for net production of B_ or §S Amg

o lifetime difference between B, and B,
Al' =T —T'y =~ Al'cp s cos(¢)

@ |s the oscillation frequency consistent with the SM prediction
Am =mpg — myp = 2|mqs|
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Charge asymmetry measurements w

ut ' - uo
x ™ —pp—B~&r v S_Bp—p 4

@ Two measurements:
@ Inclusive, tagged measurement for B mesons measured with 310k dimuon pairs

pp _ N®b = ptptX)—=NOb = p p X)
SLTN(Bb = ptpt X))+ Nbb— p—p— X))’
@ contributions for B, and B_: combine with B-factory results to extract:

= —0.0092 4= 0.0044 £ 0.0032

B, __ o »
Ag; = —0.0064 &= 0.0101 S :EEEEDO’ 13 b D o
© 6000
» Untagged asymmetry in sample of B_ - 1D 2 5000
/ Y-N - € 40000  Df-or
ABs — ND,u™)-N(D,u") _ L e
S N(Dﬁ’fr) N N(DS_H_) 00245 i 00193 00035 e :5|:||;||:|E
20001
combined : A&; = 0.0001 = 0.0090 1000;
|l:'_....I....I....I....I....I....
consistent with 0: no evidence for CP violation R A e Gevid
Systematics greatly reduced by regular flipping of DO's B-fields Eip?elj‘a 93128871 (2006)
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Al _angular analysis on B_-J/Wo

~ 500,
- D@, 1116 « Data Angular analysis::
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4001 — Prompt Bkg even/odd components as function of time

—non-Prompt Bkg | @ untagged analysis, can still extract:
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Al _Assuming no CP violation

b

Assume no CP violation (¢=0), then Al = AI'°P
-> separate CP-odd and CP-even states.
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Al _ Allowing for CP violation

~0.7C
-1 8 F * D& 2006
Al's =0.174+0.08 £ 0.02 ps §0-6§- T
= L F N
|ps| = 0.79 4= 0.56 SosE < |
— C 4 o
7 =1.49 4 0.08 ps 04
Different measurements & SM 02 BRO,D) GO CDF, K'K

prediction give consistent picture o2

=

0.1

-0

-0.1

4934 0.036 0.033 0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054
| | | | | & (em)
BR(Ds(*)Ds(*)) : hep—ex/0702049 1.2 1.3 14 1.5 1.6 1.7 T(psS'g
theor pred: hep-ph/0406300
CDF: Phys.Rev.Lett. 94 (2005) 101803
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Al _and ¢, combined

combine with measurement of

time integrated charge asymmetry
AT

A& = 0.0001 =+ 0. = tan(¢s) ——
31, = 0.0001 + 0.0090 = tan(¢s) A

®

And world-average flavour specific
lifetime

AT, =0.134+0.9 ps!
47
ds = —0.70103]

SM prediction (hep-ph/0406300)

AT, = 0.10 + 0.03 ps™*
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B, oscillations

b t 3
- Oscillation frequency is given by the mass difference
B B between the two mass eigenstates.
Sl s)t )b S

in the SM: 5 54
, G My nSimg fmay ) .9 et (92
0.8 — , ; . & k y
_-%-"‘0-7- Af”a {J‘T‘J m J'rf_g}[ffﬂ.s |Tl .'.~-c]L 0
Bo.6 , — , ,
Zo.sf —total hadronic uncertainties reduced in ratio:
§0-4§ — mixed ; )
5% Ame  MBe #2 | Vis|” Y,
g oo “ Tl—_'g.- ST el poss
0.1 e ”-'_Ear | fd|
0'8.0 0.5 1.0 1.5 2.0

decay time, ps

Am_ gives powerful check of CKM unitarity

b>\/\z/'\<8 new physics can result in non-SM value of Am_
S b

observing Bs oscillations was a major objective of the Tevatron physics program

.
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B, oscillations : signals

- E p CDF Run II L=1.0f"
% 6000 f_ Dg RUI‘I " 1 fb 1 - BS—)T[[)S, DS—)(pF[_ data
o E (a) N-E 400— — fit
5 = % : B? - D} /K-

- = - — o
© 4000 © 300 E%DS /K
= - = - Bs — Dip”
2 - ot b — DX

- 200 , o
GCJ - I *F+++ + Wepr
S 2000 s | A > ALm

- -
- - 3 10 comb. bkg.

0 E RN T T S S S S S ST O N S S S o Ly e N ,
1.8 1.9 2.0 52 54 56 58 :
¢ -m mass [GeV/c
M( Ko [GeV]

~ 27.000 B — pD,(¢m)X

~12.600 Bs — pDs(K*K)X ~5600 fully rec. hadronic (6 modes)
~ 2000 B, — eD (¢pm)X ~3100 partially rec. hadronic (2 modes)
~ 600 By — uDs(K;K)X ~61.500 semileptonic (eD_X & uD_X)

42k partially reconstructed events (6 modes)
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Bs oscillations : decay time

Can not accurately measure p, for
partially reconstructed events

@ degraded decay time resolution
@ (fully rec.) hadronic modes by CDF
most powerful.

%0 _ is measured on auxiliary data samples
sThe best events have: o = %2 osc. period

CDF Run Il Preliminary L=1.00fb"

B, — D, (3)t*

et
N
LA

<o,> =25.9 um

ot
N
L@

osc. period at Am_ = 18 ps™!
= = e

o em oem = Em Em o= omm CD CD Cm B3 B == == == =

Probability per 5 um
(=) =)
o, o

0.05]

0'89600 0.002 0.004 0.006 ﬁ(ﬁ).‘d_(.)_B 0.010
proper time resolution [cm]

Mode < olet) = [pm]
B, — D.(3)7 (CDF) 26
Bs — DX (CDF) 45
By — puD.X (DO) 50-60

(A =18ps— ' ~ 100pem)
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Bs oscillations : initial flavor tagging

Opposite side tagging (OST):

‘ y @ Look at the decay products of the other b quark in the
event to determine B_ production flavor

@ Lepton

@ Kaon

@ Charge of the b-jet
@ The two b quarks fragment independently: can

calibrate opposite side taggers with B,& B

@ Opposite side often outside acceptance
@ CDF: combined OST quality eD?= 1.8%
@ DO: eD?=2.5%

Same side kaon tagging (CDF only):
Fragmentation into B_tends to produce Kaon

o Charge of Kidentifies B, flavor at production

@ Find these kaons using Time-of-flight, dE/dx and
kinematical variables in NN.

@ Need to understand MC to predict power: extensive
checks

» High efficiency, since K is close to the B,
| @ >2 times as powerful as OST: eD?=3.5% (had) / 4.8% (SL

In future, taggers will be used to resolve oscillations in B_- )/ analysis
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B, oscillations : DO results

Q 2.5 T T T T T T T T T T T
march 2005 result: = B TR ]
Phys Rev. Lett. 97, (2006) 061802 %_ 2 [ ??fggellmlnaw ]

= 5 ; ]
§ i +data4_r1a D@ Run I < 15 mm datat16450 7
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0 5 10 15 20 25 -1¢ + 645 o :

Am, [ps’] : ‘ ik

-1.5F ]
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By n . - Covava v s b v a by g bv v o by v bvav v s b v b ahhidg A
Additional signal: Bs-e Ds +X 2507255 75 10 125 15 175 20 22.5 25
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amplitude consistent with 1 around Am_=18 ps™!
double sided 90% CL limit 17<Am_<21 ps™*
p-value (false probability) = 8%
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Bs oscillations: CDF results

April 2005, Phys Rev Lett. 97 (2006) 062003

CDF Run |1 L= 1.0 Current result Phys. Rev. Lett. 97, 242003 (2006)
o 2
S | CDF Run |l L=1.0fb"
g, m | | & 2F
i | il 2155
il |l || | | E_ [
(i -
i PN £ 4F ,
o J < T i
11 significance ~30\ 05F {' {'
B »I'D, X,B) > D, n*, B > D, n* n* 7 = {. {v I |Il
2 10 20 30 0= e [Mlanllis]] Il u Lol
B e o TR T
since then: 05F l||
*added partially rec. hadronic modes _,F 1
* NN and particle ID (TOF & dE/dX) -
for signal selection 15FE
esmarter tagger combination ~E
gg I I 2 : IAI(I&ma=I1?I' I?SI)F l 21Ii_l q-2|0| l l | | | | | | l l | | | | l l l |
0 5 10 15 20 25 30 35

Am, [ps’]
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B, oscillations : CDF results

10

-10

-20

-30

—— data
— expected no signal

— expected signal

<«10° CDF Run Il : L=1.0fb"
14—
1ol randomly tagged
- —— signal Am=17.77
10—
8
6
4
2l
B observed
0_ |||||||||||||||| |
30 25 20 -15 -10 -5 0

p — value = 8 x 10™° significance : 5.4¢
Amgs = 17.77 £ 0.10(stat) £ 0.07(syst)
7 = 02060 +0.0007(exp) g §58(theo)
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Conclusions

» Tevatron is combing the B, system for new physics

» precision measurements on Al'_and CP violating phase @

Al'y =0.13£09 ps— ! ¢, = —0.7070-47

» B_ oscillations seen by both experiments:
signal >50 significant and Am_ measured with <1% accuracy

Amg = 17.77 £ 0.10(stat) + 0.07(syst)

consistent with SM prediction

® Much more B-physics ongoing...
» Discovery of new b-baryons = and %~

@ ...and still to come:
» ~twice the luminosity already on tape

| /
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BACKUP
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Displaced track trigger

Trigger on events with two
displaced (d>120 um) tracks

A typical B event at a hadron collider

very fast reconstruction of

silicon data at L2 (20us latency)
by dedicated hardware: SVT

F P> 2 GeV/c; %2, < 25
18000 =47 pm
16000

[ .

N N,
A Tl
r : 1}’ {r’t"r"‘j-" ' \
1 il .:-}1."."‘.*"' i‘i."r. 7
iy i
¥ i

14000

tracks per 10 um

12000

10000

8000

6000

4000

2000

&
§‘
g

200

=> look for displaced tracks

400 600
SVT d, (ygh)

{ 1
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D0 Runll Preliminary
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Same side kaon tagging

B - D—rnt
CDF Run Il Preliminary L =355 pb'1
2000 +~ EU SD D Pythia
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The signals

Hadronic Semileptonic
B'. D' :“‘n+ () Bl - DI'v, I
+ — +
_ W d- ) - 4[ 1
b lu‘ C— _ b “‘u C
2| CE Iz
S S S S

sB_ Momentum is measured
»B_ mass used for good S/N
sSmall branching ratio: low yield

D; »¢n~, ¢ K K;
D; +K*K~, K" - K™r~;
D; s w.

sMissing momentum (V)
sNeed to rely on ID_ and D, mass

sLarge branching ratio: high yield

data collected using:
@ Hadronic: Two Track Trigger
@ semileptonic: TTT & lepton+SVT

SVT rules!
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neural network selection

er 20.0 MeV/c?

oS R
o O
o o
o O

8))
o
DI

MeVlcECandidates
3
g »

QE 5001

per 20
= = %]
o o
o © ©
o S & 6

candidates
4]
j=]
o

NN W
o O o
o o o
o o =]

CDF Run Il Preliminary

L=1.01fb"’

— Neural Network

— Cut Based

— Cut Based, but

— Neural Network, but
not Cut Based not Neural Network
3 gain signal g remove only
- background
48 5 52 54 56 58 6 48 5 52 54 56 58 6

candidate mass [GeV!cz]

candidate mass [GeWcz]

sselect signal using NN
inputs: O(30) variables including
vertex displacement, fit quality, P

of tracks, D_'s ¢s, K*, PID

acareful to make sure NN is not

trained to select mass. (e.g. AR not
used as input variable)
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comparing datasets

partially reconstructed hadronic modes

5 CDF Run Il Preliminary L=1.0fp" . .
g 2 i semileptonic modes
E 1.5
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E l i o 4r
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2 fith I f u
-0.5 ? w t Ilm‘ Hmu E 2 -
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Ams [p5-1] -1 :_ l:l M| lo .
: 21
fully reconstructed hadronic modes £ I
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t e am s’
0.5 ;— { ll Hl |I|
0 ¥ e WYy i : b : "m‘l“lm :h;'{!{'"lu I I Il IllllllIII “ llllll
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comparing taggers

Amplitude
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Both taggers see the oscillations
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new physics

New particles can enhance the B_ B_ transition
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supersymmetry with large
mixing between squarks
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harnik et al. hep-ph/0212180

Am_is sensitive to new physics
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A nice event

y [em]

Run 204720, Event 109026

— SSKT Track

—— Tag Muon

—— Other Track
—— Candidate Track
@) Beam Line

. Primary Vertex
@) B Vertex

@) D Vertex

---- Path



