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. B-physics @ Tevatron

=Hadron colliders are a difficult environment...
* lots of inelastic background (S/N ~ 1/1000)

= ... but have many advantages:
» large x-section for b production (c=150ub@2TeV)
« all B hadron species are accessible (B%*,B,, A2, ... )

= Key Ingredient: High purity triggers! %

* DO: Trigger on single and di-muon channels Second

. . . Vertex,'; B
(semileptonic B decays + di-lepton final states) :

« CDF: Sillicon tracking to trigger dlsplaced/' g}g’ l

vertices (c4,~48um) (all hadronic final states) o
rimary



Tevatron @ FNAL
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CDI:II and DO

CAL e S T 0 D]
« Muon coverage up to |n|<2
 Forward tracking:
Sillicon Microstrip Tracker up to |n|<3
Central Fiber Tracker up to |n|<2.5
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(fully reconstructed B, decays) | =
* P, res. op/P~ 0.07% P, [GeV/c]? i i B ~ Tracking |
using Sillicon + Drift chamber ' —IH ——
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Outline w

» Am_—> oscillation frequency of B.-B, system
e CDFII measures dominates

> A", — lifetime difference on B.-B, mass eigenstates
e DO: 3 untagged measures approach

> O,— SM CP violating phase = arg[vtsvtb VCSVCEJ
V.V, V.V
 only DO measure up to now

tsYtb YecsVcb

—> Observables really sensible to New Physics contributions



Am_measurement

B, , B, 4, mass eigenstates of B,-B system

Amg = m(Bs,H ) — m(Bs,L) oC |Vts‘2
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K for SM, but also for new physics:

New Physics[Lenz, Nierste; hep-ph/0612167]
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Am_measurement

vertexing ( samE} side 4
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3. Proper time | R Ds N\ O-A 2 \
“opposite” side ct= Lyt 1. B, sample ;

1. B, signal (gives flavour at decay)

2. Flavour at production

3. Proper time

4. Fit for mixed and unmixed distribution




Sample (L ~ 1fb™1)

Fully reconstructed
(B, — D, (3)n, D, »>¢n, K*K, 3m)

Partially reconstructed
(B, — D", B, — Dyp missing n°, )

Am_@ CDFIl - Samples
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Some highlights:

NN kinematical selections

 PID (dE/dx + TOF) for K/r separation (reject bg)



Am_@ CDFIl - Flavour Tagging

Opposite Side Tagger Same Side Tagger
* B, will often be produce with a K

e e, ucharge /NN b b | B°

» Jet charge — '

o K Charge / Fragmen‘ra‘rion u_ ; } ]-{_F_'h
‘ nd

Combine PID & kinematics

Tagger £D? (%) ¢ = tagging efficiency
N right N wrong

OST NN 1.8+0.1 D=—

N right + N wrong
SST
hadronic 3.7+0.9 \

semileptonic | 4.8 + 1.2 Combined in the final likelihood




Am_@ CDFIl - Proper time
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she p; (B,) 10 - weeee 2.0 <My, < 3.1 GeV/c?
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Am_@ CDFll - Result

[CDF Collaboration; PRL 97, 242003 2006 ] o[
1 -t E
P(t’A)Bﬁgs =2—e " (1£|Alcos(Am.t)) N 1+
T T +
. _ 1 = [
. q_C Il Preliminary L=1.0fb % ; +
S - - datax1c & 95% CLlimit 17.2 ps” =T !
%_1.5 = 1645¢c O sensitivity 81.3 ps” ] i _{—'
£ 4F Midataz1.6450 ,H’- . E-— -
< - data + 1.645 o (stat. only) T * ' LL -1 B +
0.5 + + | ‘H - —— data
Lk w| i ARy - i I
g WL AR | A
-0-55— H - EJ 035 0.1 015 0.2 025 DS*]SJ
1B Decay Time Modulo 2r/Am, [ps]
155 : : .
E ) P Compatible with SM prediction:

5 10 15 20 25 30 35
» ; Am>M =19.3046.68 pst
Ll — 100t = WIIEED OIS Rty [Lenz, Nierste; hep-ph/0612167]

p-value =8-10%>5¢c
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Am_@ CDFIl - Unitarity triangle

— UTFit

[http://utfit.romal.infn.it/ckm-results/ckm-results.htmi]

CKMFitter has similar results
[http://www.slac.stanford.edu/xorg/ckmfitter/]

» Most precise measure of |V 4|/|V|
* Bigger uncertainty is thoeretical
e SM still compatible with exp.
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Angular analysis of B_—J/Y O© B

[DO Collaboration, hep-ex/0701012]

e B,y have different lifetimes: AT =T, - FH-2|F Ll COS“-Q‘

g NP CPV ph
;" = 1m W § § W phase
b € 3 € % g SM CPV phase
w,c, b
"0 1 Data
S 4 DO ,1.1fb X :
T By i
 Pseudo-Scalar—Vector-Vector decay: Saso on-Prompt Bkg
»CP-even and CP-odd final states 8 300
> Angular distribution of B, ,, decay 8 250¢
products can disentangle them 3 2008 ~ *
> P pp, d—>KK §o-  |N(Bs)=1039:+45|

»CP even/odd interference term ocsin ¢

5 T | 52 53 54 5.5 56 57 5.8
Mass (GeV)
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B_—JY © — Results

Simultaneous fit to mass, decay length and 3
angles with an unbinned maximum likelihood fit

,.Assuming no CPV in Bs mixing

,e\llowing for CP violation (¢, free)

E Ipg,1116' B{->Jiyo¢ - Data
o100’ Mass 5.26 - 5.46 GeV __ Total Fit
m =
~«~ F e Total Signal
m - aae -
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8 F -+« CP-odd
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ct (cm)
Al_‘s [pS-I] (I)s [rad] <t> [ps]
CDF (260pbt) | 0.477%);, £0.01 --- | 1.40°% +0.02
——>| D0 (CP) 0.12'9% +0.02 | 15240080
—>| D0 (CPV) | 0.1740.08+0.02 | —0.79+0.56733, | 1.49+0.08°5;,

SM predictions:
[Lenz, Nierste; hep-ph/0612167]

AT SM

=0.096+0.039ps ™
oM =(4.2+1.4)-10°°
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Flavour charge asymmetries

[Phys. Rev. D 74, 092001 (2006)] [hep-ex/0701007 (2007)]

AT
A =——tan¢, =(2.06+£0.57)-10" Very sensible to CVP from new physics
Am, [Lenz, Nierste; hep-ph/0612167]

Two DO measures on untagged B, samples
D0:B, —» D,u* X (L~ 1.3fb?) " 7000

= = -1 =3 +

Ass,unt _ N(D;,u*)— N(D:/Ll_) E ﬁﬂﬂﬂ;—DO! 1.3 fb DS — (T

~ N(Du)+N(Dix) T 5 F

> =0.0245+0.0193+0.0035| £ ,900F 27300+300
A =0, — — g 090 D, p events
DO:pp—>bb—> xu* (L~10f0%) *

i N(bb = ' 11 X) =N (bb — sy~ X) 20001
AL = N(bb — 2" " X)+N(bb — 1~ X) 1000F

About 580K di-muon events | R R R R R

5 1.7 1.8 1.9 2 2.1 32 22.3
A, =-0.0064+0.0101 M(¢r), GeVie

 Both detector and physics contribute to charge asymmetry
e Flip B-field @ 0.1% regulary reduce detector systematics
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AL, ¢ and the SM

Redo B.—J/Y¢ fit with the constraint

[DO Collab, hep-ex/0702030]

AT, -tan ¢, =A, -Am, 05
s,combined __ O 0001+ O 0090 8_0.45_*C°n5trained DQ, 1.1 fb-1
Asl =0.0001+0. = EmB > Jyo
T 03 °
= RLLITN bined
n0.2F seﬁ'l?llgptgr?ic
[ = charge
< oif y
ﬂ:
0.1F
E0l2 -
-0.3F-
04E W AT = ATSM x |cos(o,)|
_0.5'||||:||||||....In...l....l....l
-3 -2 -1 0 1 2 3

0 (radians

SM still compatible, but room for new physics!
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Conclusions

e Desribed more significant measures for Am,, AI'; and ¢, at Tevatron

= SM still compatible with experimental results but...
e Upcopming new CDF results (1fb-1)
« Both CDF and DO already have 2fb! to analyze, more to come
* Preparing for tagged B, —J/'Y® analysis
(both CDF and DO, roughly ~0.3 sensitivity on ¢.)
 Future LHCb measures
(sensitivity of 0.02 on ¢, with 2fb-t)

[Peter Vankov, Lake Luise Winter Institute 2007]

will be able to futher check the SM prediction.

STAY TUNED!
——————

17



BACKUP



The B_-B_ system

Assuming CPT invariance

q o o -« |
W § § W —ii |Es > _ M11 M12 _i 1_‘11 1_‘12 |ES >
T <N < —; dt\|Bs > M, M, ) 2\I, T, )[\|Bs>

i, c. T

U, ¢, i

Mass eigenstates:
By, = p\ BS>J_r q‘ Bs> Also CP eigenstates if |p| /|g| =1

Many interesting observables in order to explore B, system properties:

Ams :MH —ML %2‘|\/|12‘ Al =T, —T}, 52‘F12‘003¢s ¢s:arg[_ ¥1zj
12

exp _ R 3
AS = Im L, _ iy = AT, i = N(B, > f)—N(Bs - f)
My, [M,,] Am, N(B, > f)+N(Bs — f)

(with Bs - f and B, — f forbidden; f is the CP conjugate )
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NP in B_-B_ system

| — -« b Dispersive part - M,
. . L_owest

E Order

) tf

e Absorptive part —» I';,

I',, domniated by tree-level b — ccs
M,, sensible to new physics; model indipendent approach:

M,, = I\/Ilsz'vI A, = Mlsz'v' ‘As‘ew’? [Lenz, Nierste; hep-ph/0612167]

=Am, sensible to |A
—AI', and a;Salso to ¢

e.g. sensibility of a.Sto ¢4,

. =7
- ot ey
1 |
- h ’
R e
- s
A T = e
| -,
Dl W
N L L L L
3 o | : | o
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A typical B event at a hadron collider

=> ook for displaoed. tracks

Trigger on events with two

displaced (d>120 um) tracks

d

= P= 2 GeV/e; Kayr =
= 1m_ﬂ_¢ = 4F pum
i

= 1GD00

§1mu

C

E‘Im

il

very fast reconstruction of

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

PRSP

E-Teln] [ mln )

SVT dj () )]
(1
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Tevatron

CDF Expect an integrated luminosity delivered:
3-4 fb1 for end 2007
4-6 b1 for end 2008
6-8 fb-1 for end 2009

Year2002 2003 2004 2005 2006 2007
Monthl 4 7 10 1 4 7101 4 7 147101 710_

100 -

=
—
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T ¥ [F ¥Ts

Data-taking Efficiency (%)
i Y
—]

]
—

Store efficiency .
20 store average -

1000 1500 2000 2500 3000 3500 4000 4500 5000
Store Number



x10°

Bs mixing - CDF

P-value distribution
CDF Run Il Preliminary

L=1.01b"

14

12—

randomly tagged

—— signal Am=17.77

p-value =8-10°>5c

Systematics
Systematics Syst. [ps]
SV X Alignment 0.04
Track Fit Bias 0.05
PV bias from tagging 0.02
All other syst. <0.01
TOTAL 0.07
i 20; ‘% —— expected no signal
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Bs mixing — DO

q-‘25 """""""""""" AR RARAE REREE AN
DO results: _é 5 3 DQ Prellmlnary
- = 1.2 fb™
(1.2 i'b 1) E 1.5:’ I datat1.6450
[ data + 1.645 o (stat only) {
1F Ao
Bs->Ds e X 0E m ”” ] it
0 ([T
(Ds->¢r) i L
-1 _ + datatlo I ?Jo"“"
Bs->Ds ol X _1.55_ - 16450 :
(Ds-> ¢, K*K, KsK) 2b - cupected imit 165 po’
_25 T TN T T TP TP PP T

0 25 5 75 10 125 15 175 20 225l23

Ams > 14.9ps*t @ 95% CL Am, (ps™)
(expected: 16.5ps1)



Flavour charge asymmetries - |

Very sensible to new physics. In the B, system we have two measures:

DO:pp—bb— 1515 (£~ 1.0fb) DO:B, - D,u" X (L~ 1.3fb)
[Phys. Rev. D 74, 092001 (2006)] [hep-ex/0701007 (2007)]
p — N(bb — 2" 1" X) = N(bb — 1~ 1~ X) Azt _ N(D; ") = N(Dg )
L — L _

N(bb — z* 17"X )+ N(bb = 1~ 1 X) N(D_y+)+N(Ds+,u‘)
. 1AL
—i(ASL f_ Z (T, AL, Am)ASLj Las _ tan 4

f, Z,(T,,AL,,Am,) 2 Am,
Ky T N # % "4y Similar methods
N\ OB ragnet B Some highlights:
IRvall:-Ainval e | |
p[ | P p[ | "¢« Both detector and physics contribute
@B ®B
p— — to charge asymmetry.
PR \ earmm  «Flip B-field @ 0.1%: reduce det. syst.
) @Bf - 4 s *Divide sample in 8 sub-samples

ey L 4 1 (B polarity, p charge, n sign)
S — L1 |* «Extract all asymmetries (6) from data

@B @B

=]
3

25



05,8_1

Flavour charge asymmetries - 1|

q= charge of u

n ZNeﬂ (L+aA) L+ aAg )L+ A, ) - |
B= polarity of B
(1+0aB8rA,)1+abA,) L+ BYA;) y=sign of n
D, p !

A | 0.0102+0.0081 | -0.0005+0.0013

A, | -0.0046+0.0081 | 0.0004:0.0005
A, | -0.0051+0.0081 | -0.0176+0.0005 [ From the raw A asymmetry
A | -0.0352+0.0081 | -0.0275+0.0005 | correct for bg contamination
Ay, | -0.0097+0.0081 | -0.0008+0.0005

A, | 0.0030+0.0081 | 0.0064:+0.0005

Al =-0.0092 + 0.0044(stat.) + 0.0032(syst.) —> inclusive up measure
A, =0.0245+0.0193(stat.) +0.0035(syst.) — D, u measure
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Flavour charge asymmetries

A * contains effects from both B, and B:

fS ZS(FS’AFS’AmS) S
fy Z4(Iy, ALy, Am,)

A =j(A3L+

using measured values of T 4, AT 4, Am, 4, we have for Ag, S

The two measures are nearly indipendent{z

—

To be compared to the SM prediction:

A;, =-0.0064+0.0101
While the B.-semileptonic measure gives:

[DO Collab., hep-ex/0702030]

A; =0.0245+0.0193(stat.) + 0.0035(syst.)

A; =0.0001+0.0090

<1% of B, In up sample)
~10% of pu in B,sample)

AS™M =(2.06+0.57)-10°°

[Lenz, Nierste; hep-ph/0612167]
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Transversity

@ =transversity

K-I-
Jiy P
‘\I': ‘IIIIIIIII X
X K- ¢ Rest Frame

Ty Jhp Rest Frame

3 * : :
I — Jw(= 1" o= K'K) 9 [ 2|A,(0)° ¢t ' cosZy(1- sin“s cos’o)
dcost dg dcosy dt 161

+ sin’y {m"(u)ﬁ e '(1-sin’a sin’ )+ |A (0)° ¢ ™ sin?0 }
. ‘_2 sin2y {|A,©@)IA ,(0)] cos(5,-5)e ' sin’p sin2¢ )
N

+ {lzlﬁn(ﬂ)llﬂ 1(0)| cosb, sin2vy sin28 cosg };— [e™' e ")
"\II

; Jllzmu(unml(un cosd , sin’y sinzesina;}%( et et )5 ]e-ﬁgz:ﬂgi_f} F(¢) G(coss)
"
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