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CP violation and related issues

Part 13+14: Experiments at hadron machines

Peter Krizan
University of Ljubljana and J. Stefan Institute

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
A Contents

B production at hadron machines
Tevatron: CDF, BTeV

HERA: HERA-B

LHC: LHCb
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Why hadron machines?

elarge bb production rates
elarge boosts -> <L> = <By> 480 um
ein addition to B%/B*- also B, B, A,,..
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Why hadron machines?

Production ete” 3 T(4s) 2 BB | ete 2 2 b pAd = BbX pp — bbX pp(p) = bbX forward

Accelerator CESR, DORIS LEP, SLD HERA p Tevatron Tevatron, LHC
PEPII, KEKB

Spectrometer CLEO, ARGUS ALEI’H, DELPHI, HERA-B CDF, Do BTeV, LHCh
BaBar, BELLE L3, OPAL, 5LD

a(fh) 21 nb 2 G nb 2212 nb 22 50 ph 2 100 pb (= 500 ub)

a(bh):o (had) 0.26 0.22 10-% 10-% 2.107% (6-10%)

B, B* yes ves yes ves yes

BY B! A} no ves yes yes yes

hoost < fy > 0.06 (0.5) 6 22 20 22— 24 =20

b production I3's at rest (in c.m.s) bb back-to-back | bb not back-to-back | bb not back-to-back | b6 not back-to-back

multiple events no no yes, 4 ves yes, 2

trigger inclusive inclusive lepton pairs leptons only displaced vertex

(high p; hadrons) (high p, hadrons)
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bb events at ete- machines

ARGUS and CLEO at Y(4s)
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ﬁﬁﬁ bb events at ete- machines: BELLE

LT
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A bb events at ete- machines:
OPAL at LEP
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bb event at CDF
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bb event at HERA-B:

Needle in haystack...

B decay and the rest
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ﬁ%ﬁﬁﬁ B detection in hadron collisions
uees] [enee]

What do we have to consider when designing a detector for b mesons and
baryons at a hadron machine?

High particle fluxes -> radiation hard detectors
Early selection of interesting events -> selective triggers

Use the characteristic features of a B decay

Py

IP py~vmg/2 (order of magnitude)
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B detection in hadron collisions

Early selection of interesting events -> selective triggers:

ehigh p, decay products: B -> puvX, B-> J/y Ks -> prp~ n'n, B -> win
(helps because in B decay products carry a lot of momentum - typically ~1-
2 GeV/c - perpedicularly to the flight direction (p,), while backgrounds have
low p,

e displaced vertex: <L> = <By> ctz = <By> 480 um (helps because other
decay products are promt = originate directly in the interaction point)

Proof of principle: CDF, DO at the Tevatron collider.
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A . .
i Tevatron: proton anti-proton collider

E,..= 1980 GeV

Tevatron Extraction
for Fixed Target Experiments

Two general purpose
collider experiments:

*CDF
D0

spectrometer for b physics
(similar to LHCb) at CO.
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Detectors

e CDF:
— Excellent mass resolution
— Particle ID: dE/dx, TOF
— Tracking triggers (Hadronic B's):
e L1: Tracks
e | 2: Secondary vertex

Ceptral Muon 2 Contral Calorimetor (E H)

e DO:
— Excellent muon and tracking
coverage
e Tracking up to n|<3
e Muons up to |n|<2

X Time of Flight
| Centwal Duter Tracker

e e DA wsity of Barcelona Peter Krizan, Ljubljana

ﬁﬁﬁ CDF performance, run 1

LT

Mass resolution on J/y: 16 MeV

25000 110 pb
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Decay length resolution: 40-50 um
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CDF performance , run 1
Cleaning up the J/y K* signal:
2300 .
2200 .. * ...... '.." * o e,
Z100 S
5
E 0 1 1
5.2 5.3 5.4
Mass (J/WK*) [GeV/c?]
% 150 Kk
; 100 .
cut on decay length B oo g
(>100 },lm) E .‘...0 L S o.....*o..,.
2 0 * ‘
5.2 5.3 , 54
Mass (J/WK") [GeV/c"|
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L
FERAN CDF run 1 results
[r ] (L]

e o(p bar p -> bX) larger then theoretical predictions by about factor of 2
e masses of B, A, B.

o |ifetimes

e polarization in the B, -> J/y ¢ decay (input for Al'J/T'; measurement)
¢ B, mixing: lower limit Am, > 5.8/ps (95 %)

o first observation of B,

¢ B, mixing measurements

e measurement of sin2p=0.79+0.41-0.44

e rare decays
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CDF run 1 results, status 2001

Am, Results

CDF B Lifetimes iR BER
B e s
il ALEPH| . 0.446 + 0.020 + 0.018 ps™'
B)| [/ [1.51+0.05ps
; DELPHI 10.497 + 0.027 + 0.023 ps™
(B)| s/ |1.66 + 0.05 ps I 5
1(32)§ fef [1.36+0.10ps
”(Ay) | [1.32+0.17ps OPAL| |4  {0.466+0.022+0.016 ps”
B || 0.46 £ 0.17 ps SLD +{ 10.526 + 0.043 + 0.031 ps”
&l CDF|  |ef -0.495+0.026 + 0.025 ps”
(B )(B')| o 1.09 + 0.05
. Average | 0.480 + 0.010 + 0.013 ps™
L] TSl
05 1 15 |,
0.4 06
am, [ps’]
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L
FERANi CDF, Tevatron upgrade
T e

For Run II the injector and anti-proton source were upgraded. Expected:
2 fb-1in 2001-02, 15 fb-1 until 2004 (compared to 0.1 fb-1 in Run I).

The bunch spacing changed from 3.5 us -> 396 ns (132 ns).

Detector upgrade:

e increase muon system coverage

e increase silicon detector coverage

e improve vertex resolution with additional silicon layer LOO (for B, mixing)
e add time-of-flight counter (for =/K separation up to 1.6 GeV/c)

e new central tracker, drift chamber with additional silicon layers

e trigger upgrade: fast tracker in L1, silicon vertex tracker in L2 -> lower p,
threshold for p, two track trigger
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CDF upgrade

1.0

0 S EmEEsmEEEs R e
0 1.0 .0 3.0 m
LAYER 00 sVX il INTERMEDIATE SILICON LAYERS
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ar 2\ .
PR CDF physics plans, 2fb-1
[rems ] L=~

emeasure sin2p with 0.043 error
*B. mixing up to x,=60 at 5 sigma

emeasure AI'//T; (with 0.05 error) for B, mesons through
Bs->J/vw ¢

eb bar-b production section

B, ->J/ylv, Jun

However...
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Data sets

o CDF/DO use data collected in ~ %iormmpeeesimey [t o

the period 2002-2004 i o
-~ ~ 600 pb recorded E——— :
- o0

e ~ 220-450 pb! used for B physics ::§
- CDF: s

e ~ 240-360 pb! used for B physics e

e Lost ~ 100 pbt due to Central == m

Tracking Chamber ageing problem e e s e g e e v g e e e oo

Much less data taken than anticipated...
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Lar
R Data samples ] [uusmar
mrrnm %120- 2
= o N =2x10"
2100 © o= 14MeV
g
e J/y samples: £
/\V . P , & sof
— Millions! ~ 20% are from B's
. 60
— Reconstruct exclusive B/Ag>3/y K/A°
modes “F 5
e Semi-leptonic B > D Iv X samples: g | /
— ~ 100 K events with fully recon. D e 3 Sie e e 13 o
Jly Mass (GeVich)

e DO has larger muon acceptance s

e CDF lowers lepton trigger p, by
requiring additional displaced track

e Fully hadronic decays (CDF only) - i |
— ~ 10 K events fully reconstructed B’s

1 Rum 11 Preliminary. Lominesisy=230 ph

~,
f \

Iy — :
=12120.01 M |

— Requires trigger on sec. verteX (SVT) s iss—i—sr—ssss—ss]

GaVie
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Lifetimes with Bs=>|vDsX modes

) ?% D@ Run Il Preliminary

>

¢ First high statistics B, lifetime
measurement from DO

— Use Dt > ¢nt decay
— Difficult background systematics:

E

i’ idof = 0.98

Candidates /10 Mevic®
=
2

T T T

— Combinatorial -t
— Physical: B>D™D(") >
— Prompt: c-cbar, b-bbar, R G I -y

D+fake o
_ E S
Currently best measurement Sl 400 pb ;i P _—
1(Bs) = 1.420+0.043:0.057 ps =" \
—_ Source Aer (pn) Em’é_— \ fildof = 1.09
g Detector alignment [8] £5.0 I R
% 3 Background estimate £15.0 mf__ o
s 2 Selection criteria +3.6 I ! ¥ SR
g < Decay length resolution +1.6 gl il
12} E K-factor determination e d | ]‘ [ 3| |
2. 5 Non-combinatorial background e rogip il ], R | i |
»n Total +17.0 Pseudo Proper Decay Length (cm)
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PR Lifetime with hadronic decays
[ Aee=s]
e CDF: B- ct-efficiency p— - —
S~ Mean e
— First measurement with Secondary | . L 3
Vertex Trigger biased samples 2 ' " P oot
| I (=3 "l';ﬁu"?
— Trigger/analysis ct-efficiency curves _f i
from “realistic” MC 3 s o

e Check by emulating trigger cuts on B+
Iy K* E
e Use several final states

- B=: DO [ 1 (D%>Kr)
— BO: D*n¥ [ 1 (D*>Knr) ] .

D3| 1 (D*>Knr) =
— Bs: Ds =t [ 1 (Ds>¢mn)

Ds 3n [ 1 (Ds>¢n)

« Important for Am; measurement
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Lifetimes with hadronic decays

COFIl Profminary L=360pt "
i (7 f
Trigger Scenario:
!-"“" SCh Y 80C AP

gm‘

e More statistical power
than J/y modes
— Slightly larger
systematics (efficiency,
backgrounds)

1§

i
!I
i

NERIRIALE

7(B*) = 1.661£0.027+0.013 ps
7(B) = 1.511£0.023+0.013 ps

(B,) = 1.598+0.097+0.017 ps

Systematics (um)
Effect | Variation{gm) | Variation (jm)
B B,
MO input e negligible negligible
pr reweight 1.9 1.9
Seale Factor negligible negligible
Bkg cf description 1.1 1.1
Bkg fractio 2.0 2.0
LP. corr 10 1.0
Eff. parameterization 16 1.5
Ly significance negligible 2
Al - 1.0 = 3
Alignm. + others 2.4 2.4 :1 R e ._' Sliara
Total 4.2 1.7 T 1] i ‘Iu[\;q
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EE B mixing

e Basic ingredients for the measurement:
— High statistics samples of neutral B’s in flavor specific decays
e CDF: J/yK*, Dr, IvDX
e DO: J/yK*, IvDX
— Proper decay length reconstruction
¢ Fully reconstructed modes provide better accuracy
— Tagging of flavor at production (flavor tagging)
e Key problem at the Tevatron!
e Equivalent statistical power: N ¢D2
7 ¢ = tagging efficiency
— D = tagging dilution = 1-2*w (w = probability of wrong tag)
e Measure:
— N, (N.): number of B's with same (different) flavor at production and decay
— Mixing measurement calibrates dilution
e Impossible for B, until oscillation observed

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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. .-\Iil-‘.I’II I [PR—— I
(5 ana '\'hl".'i] '
s =
L3 .
i3 analyses)
e Summary based on saSPAL —
results presented
in summer 2004 —
e World Average ( pret. anatys) —+H
dominated by (3 amiyoes b
BELLE
BaBar/Belle —>|
ol ekjstamte g
” AR(QI:SH‘I,I:(:; -
xd measurements
DL E L,
) 04 0.45 0.5 I 0.55
A Am, (ps™)
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0.446:0.026:0.019 ps’
0.519+0.018:0.011 ps”’
0.444:+0.028+0.028 ps”’
0.479+0.018+0.015 ps”’
0.495:+0.03340.027 ps’’
0.533:H0.03140.012 ps”
0.456::0.03440.025 ps”
0.500:0.008:0.006 ps”’

0.506:0.006:0,008 ps”’

0.502:+0.006 ps™

0.493+0.032 ps™

0.502:0.006 ps™

Peter Krizan, Ljubljana

e | '
A Flavor tagging
e Opposite side techniques (OST):

— CDF: total eD2 ~ 1.1 -1.4 %

e Soft Muon Tag
¢ Soft Electron Tag

SST

¢ Jet Charge Tag

‘ Opposite side B

b

- D0: eD2~ 1.1%
¢ Enhanced muon tag eD? ~ 1.1%
e Same side techniques (SST):
— Sign of nearby track is
correlated to b type (SST)
e Tagging power depends on B type
¢ PID helps for B,
eD? ~ 1% for CDF&D, in By

May 17-26, 2005 Course at University of Barcelona
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Signal side

= K+

OST

fic [ f
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B4 mixing

e 2 recent results from CDF using 355 pbt and OST

— Semi-leptonic sample: 124k ID° (24k ID*+), 53k ID*

— Hadronic sample: 5.3k yK*, 2.2k yK*, 6.2k D%, 5.6k D-=*
[0 Am4 = 0.503 + 0.063(stat.) + 0.015(syst.) ps?

CODF Run |l Preliminary L=355pb"
0.3 B JyK® B 5D 1
02 Average all taggers
z 01 _’_# +
7y T ——
< -014]
0.2 + Data
0.3 - — Fit projection
0 0.05 0.1 0.15 0.2
proper time [cm]
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A | B, oscillations
L

Fit the data in a different way: fix Am, and fit the
oscillation amplitude A

1. -
P = El“qe tot [1 -4 cos(Amqt)]

If A consistent with 0 -> no mixing.
Mixing established if A=1, and A=0 excluded with high

significance.

However: amplitude gets reduced by dilution D!
Measured: A*D. To extract A, have to know D ->
calibation with data (similarly as in B factories, but a

harder job here).

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Test with By Mixing
CDF had CDF semi DO semi
e These results obtained using many | tagg % % %
features important for B, mixing ST 0.46 0.50 P
— Unbinned fit osTe 0.18 0.28
— Parametrized dilutions oST et 049 061
— Calibrate dilutions Totafe - :
e Test amplitude scan on fully oST 1.13:0.18  1.38+0.10 1.07
reconstructed By o .
. . CDF Run Il Preliminary L = 355 pb
— Fit D*A*cos(Am t) at fixed Am A R RS
_ — ~ 1 16450 sensifvity >20ps’
E.XpeCt A 1 for Am Amd 2 lelt dma_; 1.645 o (stat. only}
— Limit (95% CL): . aEte
1 Am such that A+1.645c, = 1 2 "ttty Sensitivity
— Sensitivity: Am such that 1.645¢, =1 & [ '++:+.,,
° “'T+++,.
H. G. Moser, A. Roussarie, ++++H+H+l
NIM A384 (1997) 14
0 0.5 1 15
May 17-26, 2005 Course at University of amy [pS'ﬂ
L CDF: Bs mixing (signals)
COFIl Preliminary, 355 pb, B~ D,x. O, 0x

¢ Hadronic analysis: Bs>Dsn

— ~ 900 events

e Semi-leptonic analysis: Bs=>Dslv

— ~ 7.5k events

NI _T-..',_.‘.Jn.—-.

May 17-26, 2005

Course at University of| sign

Channel Yield S/B .
>0 K‘%‘?ta*magf[GeWc i5
Bs—Dsn (Ds—¢m) 526+33 1.80 coF A .P'e“min:w S
Bs—Dsn (Ds—»>K*K) 25421 | 1.69 L1600k B 51D, (D,59%) 4 Lyp
201400 N(ID,) = 4355 + 94 ro;
Bs—Dsr (Ds—37) 116+18 1.01 21200
21000
Bs—>Dslv (Ds—¢r) 4355:94 |(3.12 0 | Right
Bs—Dslv (Ds—K*K) 1750:83 |0.42 i f i b N
Bs—Dslv (Ds—37) 1573:88 |0.3 o
Wrong | 0555500

mass(KKx) [GeV/c?
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e Mass and lifetime projections

CDF: Bs mixing (cross-

checks)

#2 (NDF = 17 58/ 10, Prob = 6 249

+ data
— fit

B, »>D,
| | reflections
— background

— Mass and lifetime consistent
with World Avg. values/D0 ¢
o 10
27 I NDF = 43 62 /40, Prob = 30 6% M~
~ i + data 8_
=150 - Bs>Dst  —fit o 2
s DSD0M) 3 recton AL
X I background bS]
5 100 B, » O, K' C
. 8 |
g 50 ! E J
8 5 .,
0 :‘g 01
LI PR
i s = 0.0

54 56 1-1:1 ]
K* K = = mass [Gevic]

May 17-26, 2005

M proper ime [cm]
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0z 04

e Amplitude scans all statistics dominated

e CDF: Bs Mixing

1o /& 95%CLImit 0.0ps’

eCombined scan results:
pst 95% CL limit
—Sensitivity: pst

Course at University of Barcelona
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CDF Run Il Preliminary L =355 pb’ 4] ~duas
- daatlo /& 95%CLIME 77ps’

02 16450 @

= Wdatat 16450 2

8 data + 1,645 o {stat. anky) <

% =4

— J

Og -2_

D

75] -4
0 5 10 15 0 5 10 15 30

am, [ps’] Am, [ps’]
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Summary CDF (and DO) run 2

e Many new results

e New results in B, sector
— Lifetime updated and more to come
— First CDF B, mixing limits
¢ Lower than expected

¢ Additional improvements could reduce the statistical error on
the amplitude by up to a factor two with same data set

e It is a very difficult analysis, but they seem to be back in
business

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

g Why is the performance different from
S the expectations? 1

e Overall statistics (collider perfomance)

e Proper time resolution is not as good as the best
resolution used for the projections. They are at about
100fs, already above the limit (50fs) where it starts to
hurt. Going from 80fs->100fs: error on A in the amplitude
fit ->x2! (see plot ->)

¢ Flavor tagging effectiveness (e D?) is almost a factor ten
worse than the value used in the projections. Part of this
difference is a result of their not having applied the same-
side kaon tagging technique to the data yet. The
performance of this tag cannot be measured using B or
B* mesons. ->....

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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3
Ezs.
Increase in the humber
of events needed for a Ezo_ Increase of Nevents for a fixed
given Signiﬁcance VS R significance vs o for Ams=20/ps
resolution. i
o0l
51
0205040 5060 70 80 %0
O, time resolution in fs
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g Why is the performance different from
ST the expectations? 2

... ->Until they do not observe B, mixing, limit on Am,
with this tag will require a prediction of the dilution from
Monte Carlo...

¢ Triggering on hadronic final states: needed vertexing.
Unexpected problems: the beamline was not actually
located at the nominal center of the detector ->
detrimental to the tracking efficiency of silicon patterns
used in the silicon-based 2nd level trigger.

¢ General remark: Monte Carlo does not predict correctly
the acceptance and kinematics of the opposite side B
hadron that is used for flavor tagging.

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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CDF Future Mixing Improvements

CDFIl Preliminary L=360p b!

¢ Include Same Side (Kaon) Taggin'g“"

— Expect twice tagging power than OS12 ™
combined

100

e Improve accuracy of primary
vertex

¢ Add more channels: o
— Bs—>Ds3n 0
— Bs>Ds*r, Bs>Dsp*

e Partial reconstruction can treat as
semi-leptonic case

a8 5 52 54 56 58 6

Mass [GeVic']
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FERAER R -

Fixed target B - Factory at HERA (DESY)

Originally designed for measurement of CP violation in
B->1/yK0

signal b auark

o e
B

WHEe

lepton fag

K -

Lranm fag

tageing b quark

May 17-26, 20C




HERA-B

proton energy is 920 GeV,

sqrt(s)=42 GeV

o(b bar-b) ~ 12 nb -> 1o mbl
o(b bar-b)/ o(inel) ~10-® .

BR for interesting decays
of ~ 105-10+

-> 11 orders of magnitude oo}

3 ! 3
womef o

t T 1 t 1
{HERA-B LHB Tevatron LHC S5C
0.01 nb - - - .
1 100 1000 10000
01 1 10 Phearn [ TeV] V5 [GeV]
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FERAreEE HERA-B: Wire in the beam halo

LT

Parasitic running

Interesting decays (e.g. B -> J/y KJ?), triggered and reconstructed
signal come 1 in about 4 10! inelastic (‘minimum bias') interactions

Need about 1000 signal events in 1 year = 107 s -> run at 4 x 107
interactions per second = 40 MHz

Proton bunch spacing in HERA: 96ns, event frequency 10 MHZ
-> Need multiple events for 40 MHz interaction rate
HERA proton beam looses about 108 protons per second

-> A parasitic target has to catch these protons very efficiently, about
1 out of 2.

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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HERA-B: Wire in the beam halo

Needed:
estarget in beam halo
eefficient separation of primary vertices for high interaction rates.

imferaction
[

profon beam

2 stations with 4 thin wires (50 um
times 500 um) in proton beam halo,
target material: C, Ti, W, Al

Operation of the wire target has been
reliable for years, little interference
with HERA ep operation

target wire

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
i HERA-B spectromet
il i Spectrometer
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L I_‘]_J L \ ]
[ Target & Vertex | High p, Outer Tracker RICH Inner Tracker | [El g Muon Sy
| 8layers.of 3 superiay of P mirror | 7 superlayers of Calorimeter | | 4 superlayers of
| double-sided gas, pixel and honeycomb drift inside CF,, Micro Strip Gas WIPb scintillator gas-pixel, tube &
| i pad Sand  radiator, Chambers with sandwich, shash. | | pad chambers;
. movable on - | pre-trigger for 10mm celis Lens-enhanced GEM-foil Iik WLS readout pad-coincidence
| 'Roman-Pots; high p, tracks multianode PMT | | with PMTs; pre-trigger
8 wire-target focal plane. energy-cluster
(see above) 1 - pre-trigger
EEEY HERA-B: SVD
.
(T,

Silicon vertex detector: 8 double-sided silicon detector layers with
retractable geometry (to move out of the beam during injection)

Excellent and reliable operation.

Reconstructed vertices

On eight target wires ->

May 17-26, 2005

0.3

0.2

(18}

Course at U
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Lm%ﬂ—j* HERA-B RICH: collaboration of UB and UL

Spherical Mirrors

Photon

Detectors

May 17-26, 2005

Planar Mirrors

Course at University of Barceld

Spherical Mirrors

Photon
Detectors

May 17-26, 20C

Planar Mirrors

HERA-B RICH

Event display with two
isolated rings

Cherenkov angle vs
momentum

S )

35

30

25

0L
0

10 20 30 40 50 60 7‘0
particle momentum (GeVic) s Krizan Ljubljana
2! ,
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A,

R HERA-B RICH

Demeoors Typical event -->
7
- !

/ Still: it works actually
- . very well!

\ Kaon efficiency and
\

pion, proton fake

d CaFw -
Spherical Mirrors -IL pro ba blllty Irk> 0.50
oot i ars = J, . . ﬂ:-' g . ”:: e e
Detectors :

2 k]

07 i a7

s 05

o4 o4
rL.“ ::;
rL; oar
May 17-26, 2005 Pions Kaons Protons
iy The Dilepton Trigger

HERA-B detector: data is read out and buffered for 12 us

(proton bunches cross every 96 ns, 0.5 interactions/BX)

Pretriggers: ECAL cluster or hit coincidence in

muon detector as trigger seed (custom hardware)
First Level Trigger (FLT): Track trigger in hardware using %
20 KHz|

tracking detectors behind magnet, seeding by pretriggers

Second Level Trigger (SLT): FLT tracking confirmed,
extrapolation to vertex detector, vertex fit (PC farm)

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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HERA-B: J/y Production
a 10°= N [
S < 400007
z L J/y — pu 3 J/y —e‘e”
e ~ 177,000 = 30000 Iy - 108,000 J/y
i 107 o=44 MeV/cz E % o = 64 MeV/2
@ ¢ " t
g 5 20000+
= = [
g & L
r ~ 3000 y(28) 10000+ y(2S)
3 4
10 ~ 1600 (25)
b= 1 1 1 A 1 1 I
26 28 3 32 34 +3,6 3.8 14’ UD ! R ISR S S S T
M (u'u7) [GeVie?] M (ete™) [GeV/e?
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A HERA-B: Open Beauty Production
Detached vertex analysis
pA b b +X
L>le + X’ -
+ - +, -
; I—P e e.uu 3455
245 _ Cank + =
£10//48 1100y —e'e gj‘s’ 4781y - pu
35 _ _ 30' @® Downstream events
30 ¢ D?wnslrca[n events 5 i (signal region)
25 : (signal region) 25k .
20 b B Upstream events 2“_’ f I'ul B Upstream evenls'
15 + (background region), '55- / (background region)
10 + 10}
5 K ® L po & X
e b (3557005 295 3 3.5 3.5 305 4 405 45
¢'e” invariant mass (GeV/c®) wl invariant mass (GeVic’)
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HERA-B Summary

oFirst LHC like experiment before the LHC

eDesigned with a very ambitious goal

eMany components behaved extremly well (e.g. SVD, RICH)
eSeveral critical components were less successful (tracking)

eTrigger efficiency (which heavily relied on the tracking
system efficiency) was >10x lower than expected

*->No precision tests in B physics were possible

oStill: a solid physics program could be carried out (i.e. bb and
cc production cross sections a limit on D->pp, pentaquark
searches)

*HERA-B experience: An important input for LHC experiments
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

5%

=

e b-production in pp collisions

LT

e Pairs of bb quarks are
mostly produced in the
forward/backward
direction:

o =500ub

10"2bb produced per
year

Figure 2.1: Polar angles of the b- and b-hadrons

May 17-26, 2005 Course at Universit  ¢alculated by the PYTHIA event generator.
!
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LHCb is a forward spectrometer:
-Acceptance 10-300 mrad
-Efficient B-mesons trigger
-Good Kaon/pion ids j
‘Good invariant ma
-Good proper timé"re

Vertex
Locator

LHCb

SPOPS yoa M2

ECAL
1

M3

Mg MS

May 17-; sm

Warm magi&_et_,;u .
. e —
Coil shaptio :
—JBd1=4/Tm
Power 4.2 I‘W
Iron yoke-1500 Tons

ominakéurtrent Nov '04
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Vertex locator...

Key element surrounding the

IP:
2 Measure the position of the
- __.O primary and the B, , vertexes
DA [t Used in L1 trigger.
T ATH
A g
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

wfinml Vertex locator

LT

e 21 pairs of silicon strip detectors
arrange in two retractable halves:

- Strips with an R-¢ geometry:
e R strip pitch: 40-102 pm
e ( strip pitch: 36-97 ym . B
- 172k channels.

e Operated:

- In vacuum, separated from beam
vacuum by an Al foil

- Close to the beam line (7 mm)
- Radiation < 1.5x10% Ne,/CM?2 per year QNE
- Cooled at -5 °C helkiBi e serionn

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Status of the vertex locator

e Many others pieces in
production.

¢ Installation in UX85:
November '05

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ar 2\
N Sensors
L

e Characteristics:
- n+n type
- Double metal layers
- thickness 300 pm
- Laser cut

¢ Front-end electronics
(beetle chip)mount on a
thin kapton sheet
connected to the sensor
via pitch adapters

e Alignment of complete
half detectors in test
beam in June 06

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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ol Tracking...

Key elements to find tracks and to
measure their momentum.

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
R Overview of the tracking
HERAFEE
EL T system

e Trigger Tracker:
e Microstrip silicon detector
e 144k channels

e Three T stations:
- Inner tracker:

¢ Microstrip Silicon detector
e 130k channels

T Stations

Trigger Tracker

- Outer tracker:
e Straw tube (5 mm)
¢ 56k channels

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Trigger Tracker

1.4 m o

.2

0° layer
e Microstrips silicon detector

- Two groups of two layers
(0°, +5°, -5°, 0°) separated
by 30 cm

- Strip pitch 198 pm
Strip length 11, 22 and 33 cm

- Radiation < 9x1012 neq/cm2
over 10 years

- Cooled at -5.°C

__ Stoggered front-end readout hybrids

adaptor

Interconnect
cable

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ﬁ%ﬁﬁﬁ T Station: inner tracker part
e e ]

i E | |
il

2 m

N e

0.4 m

.

¢ Microstrips silicon detector:

- Same sensors as Trigger
Tracker

- Four layers (0°, +5°, -5°, 0°)

- Strip length 11, 22 cm

- Radiation < 9x10** n_/cm?2
over 10 years

- Cooled -5 °C

May 17-26, 2005 Course at University of Barcelona . . _Peter Krizan, Ljubljana
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e Straw tubes:
- Four double layers
(O°I+5°I_5°I00)
- Staw length 5 m read on
both sides

- Ar/CF,/CO,

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

Z

e

Key elements to identify pion and kaon in
the momentum range p<[2,1001GeV/c

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Overview of the RICH

e RICH system divided in two detectors equipped with 3 radiators
to cover the full acceptance and momentum range:

8 max
ofrom a few GeV (tagging kaons) [ pyn
eup to 100 GeV: two body B
decays

-’§ 150
E
< oL
General rule: a RICH with a j .
. . H ~ neas
single radiator can cover a factor | T S
of 4-7 in momentum for 3o from 32 mrad
threshold to the max. p. Larger o
region -> more radiators! ! Momentam (GeV/)
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
R AFa RICH with three radiators
T e
Photo i gt j -
detectors 300 T ; CE 2
Aerogel mirror 200 e
/\ .  Bearn pipe
Beam
Spherical mirror
Flat mirroe -/
Track
‘ ) [ Pholcdetec o
Boasing
1o I 12 m
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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¢ RICH1 in production
Installation in UX85 start end April '05

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
FERAER R
[ Aee=s]

¢ Transport and installation in July '05

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Si pixel array

(1024 elements)

\  Ceramic carrier
/

VACUUM

/\\Qi Photocathoce
\\/ \\(;zuw)
N

Photoelectrons

==0NN

Pholon\ \ 7
VN \( Clectrods

N Solder 7{

Photon detector HPD

X E“";P Binory
\ Z:Ezr:jromcs
Oph'(fa‘\jai‘r;pu'
¢ Novel photodetector: un 1020, 1D 1. pone

- 32x32 pixel sensor array
(500x500 pum?2)

- 20 kV operation voltage

- Demagnification factor ~5

e Production of ~500 tubes

started. N, radiator

May 17-26, 2005 Course at University of Barcelona

Peter Krizan, Ljubljana

.-'_A_‘ > 7000 [
it Particle Identlflcatlon
g €000
= 5000
e . g
Kaon identification efficiency: 3 4000 -
100 B ”“w 3000
o Mt d
o K-> HHMMW } 2000
80 - *
—_ 1000
s
5 60 - 2260
2 2000
E w0l 1760
1500
20 - - *Wﬁ 1250
S m%%w% 1000
00 26 44‘) 60 80 100 750
Momentum (GeV/c) 500
<K Efficiency> 88% =0

<n misidentification> 3% Vs

May 17-26, 2005 Course at University of Barcelona

e No RICH

With RICH }

5.4 5.2 5.3 5.4 5.8
Invariant mass [ GeV/c? 1

Peter Krizan, Ljubljana
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Calorimeters...

|

= S

Key element to identify v, n°

Used in LO trigger.

and to measure their energy.

N I N B
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ﬁ%ﬁﬁﬁ Overview of the Calorimeters
e e ]

e System subdivided in 3 parts: 2
Scintillating Pad Detector (SPD)
and Preshower:

e Two plans of scintillator pads |
separated by a 1.5cm lead converter —-—-———

Electromagnetic Calorimeter (ECAL):

e Shashlik types,
e Lead+ scintillator tiles

« 25X,

particles

scintillators

Hadronic calorimeter (HCAL):

— Iron + scintillator tiles
- 56\

e A total of 19k channels readout by
Wave Length Shifter fibres connected ol
to PMs or MaPMTs. — PMT

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

fibers
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Triggers...

40 MHz
Calorimeter Level-0:
. =evel-u. .
ton aystem p; of Custom Electronics
system M, e hy
1 MHz

Vertex Locator
Trigger
Tracker

Level 0 objects

Level-1:
Impact parameter|
Rough p; ~ 20%

40 kHz Events Filter Farm
v
Full HLT:
detector Final state

Inform.

reconstruction

v

2 kHz to tape

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

HLT Output rate

EEEN
E= ¥
=

HLT rate Event type calibratigrsiles;(s);ematics Use for physics
200 Hz | Exclusive B Control channels (tagging,...) B (core program)
600 Hz | High mass dimuon Tracking b—J/ywX (unbiased)
300 Hz | D* Hadron PID Charm (mixing+CPV)
900 Hz | Inclusive b (eg b—y) Trigger B (data mining)

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana




LHCb physics program

B, system parameters
¢ Angles of the unitarity triangle: precise measurements
e FCNC processes

e Measurement of angle y (¢5)

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

5%

1
=

e Time dependent asymmetry at LHCb

/ S, Dg i+ | Signal B
o

Tagging B

e The proper time of the signal B decay is measured via:
- the position of the primary and secondary vertexes;
- the momentum of the signal B state from its decay products.

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Ef‘_f‘“i_‘nﬁ Event selection: (1)

B, » DK’ — (K"K 7* K

G = T T2 T3

Trigger Tracker o

Vertex
Locator

Reconstructed event: ~72 t'rz'l\c'ks

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ar 2\ .
A . ( )
EERAuEE Event selection: (2

B, » DK* - (K'K 7 JK*
1) Primary vertex.

2) b, meson by using identified kaon and pion and a
vertex constrained to the D_ mass.

3) B, meson by combining a D, with a kaon forming a
vertex (no mass constraint).

4)Select B, with an impact parameter ~0 and an
invariant mass in the window my +50 MeV/c?

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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Resolution:
B, > DK* - (K'K 7 K*

Primary vertex: 47um

200~ 2001 +
2001
150 G, =9 um 150F °y=10 pm o, =47 um
+24%: +14%: 150- +22%:
6,220 pm G5 =25 pm a, =127 pm
100- 100
100
50+ 50 soL
-0.1 0 0.1 -0.1 0 0.1 -1 -0.5 0 0.5 1
XrecXgru (M) YreeYinue (MM) Zres Zie (MM)
y y 712
Bs vertex: 144pm Bs mass: 14 MeV/c

= 537 GaVic®
so00f- c,, = 138 MevA?
5, =144 um X

+ 46%: 1500f-
0,=384 um IS 0 S
1000
my= 5.42 GeVA?

NS 240 MV

[pilln

150

100+

50

=% ) 2 T ‘54 545“ isjs
ZpgeZypye (MM) B, mass 1Ge Vi
May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
L2\

EREE Flavour Tagging

\.rsrtsx Tagglng B
Opposite side

.’\— K- Signal B, |
4 K’ ide

Same side

e Several algorithms to determine the flavour
of the signal B meson at production:
- Opposite side:

e ¢, u from semileptonic b decays;
e K* from b decays chain;
¢ Inclusive vertex charge.

- Same side:
 K* from fragmentation accompanying B, meson.

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana




Performance of Flavour
Tagging

After passing trigger and offline cuts

Channel g (%) | w (%) |ees (%) | - Effective tagging
B — n¥r- 41.840.734.941.1|3.8+0.5 efficiencies vary between 3
BY— K+n~ 43.241.4(33.34£2.1| 4.8+£1.0 and 9% depending on the

BO— Jfh (uu)KY | 45.141.3| 36.741.9 | 3.2£0.8 final state.
B — Jf (up)K* | 41.940.5 | 34.340.7 | 4.140.3

Eg—)K:II{{_ 43,&0.2 23.(&(2).2 5.21(1}? - In real physics analysis, the
0 rtK- 49.541.8 30.442.6 | 7.6£1. wrong tag fraction will be
BY— D77t 54.6+1.2( 30.0+1.6 | 8.7£1.2 ong ag ing control
BY— DFK* 54.240.6 | 33.4+0.8 | 6.04£0.5 measurec using contro

BY = Ji (up)p | 50.420.3|33.440.4|5.5+0.3|  channels with similar
topology, e.g.

B, > J/yK" for B, — J/yK,

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
ﬁﬂrﬁﬁﬁ The phase B in the usual channel
[T e

B, — J/c//(,u+,u_ )KS (7r+7r_)

« Decay is dominated by a
tree amplitude with
Im(A) = sin23

Aft)

- The wrong tag fraction w g
is determined with the asf
self-tagging mode o4f

*0 o8l :
. Sensitivity for 2 fb!; PR T

resolution of 0.02 on
sin2p

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana




May 17-26, 2005

The B, system...

Amg in B, >D.x"

Al and ¢, in B, = J/ygp

Course at University of Barcelona

Peter Krizan, Ljubljana

e

LT

Oscillation frequency Am,

« Flavour-specific B decay:

B, » D (KK Jr

. Sensitivity for 2 fb1:

Events

Events

Amg

15

20

25

30

o(Ams)

0.009

0.011

0.013

0.016

. Highest Am_ measurable = 68 ps!

Proper time distributions

Am, =15 ps’

(statistical ssignificance of at least 50)

May 17-26, 2005

Course at University of Barcelona

Peter Krizan, Ljubljana
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W my

[ |‘||'||'| [

i

e Tree and penguin amplitudes:

s A/ o f
R 4 LA
[ (K] R J
we IR B | v
- b u ) il g \“
8 4 a5 “
&l [ R
Byt | b {K) dﬁx" -7
T 9 ’ o (K)
LV ¢ \‘\i /

e By exchanging all d(c_l) in S(g),
B, »>x'mw  becomes B, —K'K~

Ay =1"dgy) | AK=1"(d.9)

A= (d 9y B) A =8 g,

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

[afit=) The phase yin B, > K'K and B, > 7'n~

R. Fleischer, Phy. Lett. B 459 (1999) 306

The phaseyin B, > K'K andB, > 77"

A:: — fdir(d, ]9, V) Alc(lzlz _ fdir(d,,lgl,y)

A= A8 B) A= 1 )

o _ | penguins d' e = |Pensuns
L — tree 5 KK

Use SU(3) flavour symmetry to relate d =d'and $=9'

If fand g, are known, four observables to determine
d,$and y

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

R. Fleischer, Phy. Lett. B 459 (1999) 306
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Events yield for rare decays

e For 2 -ffter trigger and offline selection:

Channel B.R. Yield  B/S(90%CL)
B, > K (K'z ) 29x10° 3.5x10° <07
B, > oK'K )y 21x10° 93x10° <24
B, > w(zr*lr’ﬂ")y 40 <35

B, > K (K'z '~ 8x107  44x10° <20
B, > p(K'K Ky(z'z) 14x10° 0.8x10° <02
B, > o(K'K p(K'K) 13x10° 12x10° <LI

B, > u'u 3.5x10° 17 <5.7

e Promising physics potential to study humerous loop-
induced rare decays.
Still room to adjust trigger in order to increase the rate
for channels of topical interest

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana

L

2 A,(s) B oK'

0.4

° Forward‘baCkward . ! SUSY 11T, 20, €01
asymmetry in the pp rest « S ecegm
frame Ag, s) is a sensitive : Rl

SUSTILIC,

probe of new physics

SUSYLILIC, >0 —

4 L3
s[GeV]

e Sensitivity for 2 fbl: zero
point location to +-0.04 in  ™f x

: 1
§= (mML /mB)Z wh {% ++"’++

§=(mw/mB)z

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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LHCb summary

e LHCb is a single arm forward detector to study CP
violation and rare decays in the beauty sector.

e The installation is progressing well.

e It will be ready for the first proton-proton collisions
in 2007.

e The commissioning and running will surely bring
suprises...

May 17-26, 2005 Course at University of Barcelona Peter Krizan, Ljubljana
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