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Why hadron machines?

elarge bb production rates (compare to 1.1nb at Y(4s)
elarge boosts -> <L> = <By> 480 um
ein addition to BY/B+- also B,, B,, A,,..
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e 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

boost < gy > 0.06 (0.5) 6 2220 =2-4 2d4-20

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)

June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana




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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JA bb events at ete- machines:
e OPAL at LEP

o . o
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A e hh event at CDF
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bb event at HERA-B:

Needle in haystack...

B decay and the rest
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bb event at LHCb:

Fully simulated bb event in Geant3

"
.. MC Pythia 6.2 tuned on CDF.and|UAS data__—— _ 1 i
Muhiple pp interactions and spil :—evef?f_f:::;nciuded .
Complete description of mate_cla from TDRs | ? A
Individual detector resp/uses tuned on test beam results i Ll
Complete pattern _rgcogn;ri'o_i,q reconstruction: % ¥ $ '
: 4 ; 1 2

MC true information-is ne

M inclusive bb events broduced aﬁsﬁmmer 2002 )Tg )L 4
New “Spring” produ‘ct'roh ready: 10M everﬁs ?or,? ‘Hber TDRs | . "'3% !
lier I

Sensitivities quoted. here are obtamed b\,r' res
studies to the new yields
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B detection in hadron collisions

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

<By> Ctg
IP py~mg/2 (order of magnitude)
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ﬁ%ﬁﬁﬁ B detection in hadron collisions
[ ]

Early selection of interesting events -> selective triggers:

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

e displaced vertex: <L> = <fy> ctg = <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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Tevatron: proton anti-proton collider

E.... = 1980 GeV

Two general purpose
collider experiments:

*CDF
D0

CDF detector

\ Eo
Cancelled: BTeV, forward
spectrometer for b physics

(similar to LHCb) at CO.

DO detector
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i Detectors
e CDF:

— Excellent mass resolution

— Particle ID: dE/dx, TOF

— Tracking triggers (Hadronic B's):
e L1: Tracks
e | 2: Secondary vertex

Copral _ Contral Calorimator (E.4)

— Excellent muon and tracking
coverage

e Tracking up to |n|<3

——— iy e Muons up to |n|<2
Time of Flight
j sllll'.\oﬂ Uu-‘::ll g::j[umy 11 f k v . .
Iiermediam Sillcoe versity of Tokyo Peter Krizan, Ljubljana




CDF performance, run 1

Mass resolution on J/y: 16 MeV
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Decay length resolution: 40-50 um
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LT

CDF performance, run 1

Cleaning up the J/y K* signal:

cut on decay length

(>100 pm)
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CDF run 1 results

e g(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 AI'y/T’; measurement)

¢ B, mixing: lower limit Am, > 5.8/ps (95 %)

o first observation of B,

e B, mixing measurements

e measurement of sin23=0.79+0.41-0.44

e rare decays
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i CDF run 1 results, status 2001

LT

CDF B Lifetimes

S
(B%) | [1.51+0.05ps
(B") o 1.66 + 0.05 ps
T(BE)Q fef [1.36+0.10ps
t(Ag)| — [1.32+0.17ps
UB) || 0.46 £ 0.17 ps

(B*)(B)| " 1.09 + 0.05

P PR EPRrAar S
05 1 15
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Am, Results

aemee—
ALEPH| 0.446 + 0.020 + 0.018 ps™
DELPHI| |4y 0.497 +0.027 £ 0.023 ps™
OPAL| |4  10.466 +0.022 +0.016 ps™
SLD - 0.526 + 0.043 + 0,031 ps”
CDF| ey {0.495+0.026 +0.025 ps™
Average | | 0.480 + 0.010 £ 0.013 ps”

T

0.4 0.6

am, [ps’]




CDF, Tevatron upgrade

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 ps -> 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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e CDF upgrade
m 4
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CDF physics plans, 2fb-1

emeasure sin2p with 0.043 error

*B. mixing up to x,=60 at 5 sigma

emeasure A //T, (with 0.05 error) for B, mesons through
B.->J/v ¢

Az inBy ->K*pup

eb bar-b production section

B, ->Jlylv, Jun

However...
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L Data sets

e CDF/DO use data collected in ~ ®ieimreessimeny, | [

=00 Delivered (froem April 19ch 2002)

4 2

the period 2002-2004 e o 00 281 =
— ~ 600 pb! recorded E oo o

- DO: -

e ~ 220-450 pb! used for B physics o

- CDF: 7, -

* ~ 240-360 pb* used for B physics T T T

e Lost ~ 100 pb* due to Central et
Tracking Chamber ageing problem s -

Much less data taken than anticipated...

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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B, oscillations

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

1. -
P, = El“qe ot [1 — Acos(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).
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; Signal side
EERAuEE Flavor tagging 1enat st
e Opposite side techniques (OST): SST
— CDF: total D2~ 1.1 -1.4 %
e Soft Muon Tag . B

¢ Soft Electron Tag
¢ Jet Charge Tag

— DO0: ¢D?2~ 1.1%
¢ Enhanced muon tag eD? ~ 1.1% K OST
e Same side techniques (SST): B ~

— Sign of nearby track is
correlated to b type (SST)
e Tagging power depends on B type

. 2 B
« PID helps for B - 2
eD2 ~ ls/op?oroéDls:&Do in B, /(‘CK /C(, /C(l

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

. o b /N~ K*
‘ Opposite side B

12



Status 2005

_su_"“;';—;;]' T r'-(” I-_i}”“‘ AR LA s LR LR
£ World average (prel. ;
2 ™\ CDF Run Il Preliminary L~ 355 pb’
Tz { damilo & 956 CLUmkt MA@’ 3
s L Tee . 5 mosiy 193" ] ~datatic 4 95%CLIME 04ps

! 2 2 16450 O sensiiivity  27.5ps’

LS m datad LS o f-
[] dats + L6435 o (stat only)

data £ 1,645 o (stat. only)

Amplitude
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g Why is the performance different from
== 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 BO or
B* mesons. ->....

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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A

[ .

frffie=) B. mixing: influence of proper time resolution
winaff] [1)[usn

=)
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.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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“Data Taking Period 1” wgn g
< St > 35
Year 2002 003 2004 2005 2006
M(_)nthl 4 7 10 1 4 7101 4 7 1 4 710
- E
Ble00
g
_Euoo ~
1000}
= 1)
— i
= 0
= 600
400
b Delivered
2008 To tape 7
ol
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Store Number

This analysis: Feb 2002 — Jan 2006 --> 1 fb!
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.iﬁi‘
A Measurement .. In a Perfect World
08 Production Flavor = Decay Flavor

- o7 Plt) = - e [1+cos(Am,t)]
o)) 0,
n os) |
E 0'4. | .||
QQ:" 22 :. .:. [ 15 Mixing Asymmetry
2 % I. | . z - Alt) = I"Tos(arrgl)

oottt M VAV M VN sk {\ J[ [\

OocayTmell 13 _ Nps — Nws W\ ‘ 11\ IIHH
" ion Flavor = VOr - ’ I ]
go_opoducho Flavor # Decay Flavo NRS _I_ NI‘VS - | | l} 1 | ll’

s TOTH py=5l e¥t-cos(amyt) U \
< 0.6 -1.0 [/
2 s |Iql c
2 ol 18 1 2 3
g’ ol ]]] P Decay Time [ps]
’;‘ 02l |
L,

&% what about detector effects?

Decay Ti Tme [ps]
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Realistic Effects

flavor tagging power, displacement momentum
background resolution resolution
=15 =15 =15
<100 mistag rate 40% <100 (L) ~50 um <10 o()lp = 5%
0.5 0.5 . 0.5
o\ ALAAALAAAAL ool J\/\\f ALAAAA ool T
-0.5 -0.5 -0.5
-1.0 -1.0 -1.0
1% i 2 x % 1 2 3 ‘-“r/1 2 3
Decay Time [ps] Decay Tjme [ps] Decay Time [ps]
1 o2 (A =2 ol
i /D(:U _ \Aiisdgy / )
- ‘l ~ € 2 t Fa | o)
o | O+ D
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i s All Effects Together
15 Mixing Asymmetry = 1.5¢
< | A(t) = cos(Amt) 2{1 02
0.5\
—3 00}
5/ -0.5|
1.0}
18 N ; === [ ) L
L 1 2 3 B 3

Decay Time [ps]

Decay Time [ps]
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L L b——

15 Mixing Asymmetry
=g rm} ey
o5} |'|I ||I' ]n'| |f' Ir'| |fll il
°'°||]| ||||| Hl]H
05| |H' I8 ||| Data
\ |I || | I IR
1.0 i .l U
1% 1 3 ) .
Decay Time [ps] Caormele I’.'
0.5
momentum resolution 0.0k e
displacement resolution 05
flavor tagging power
scan for signal:
1 2 3

Decay Time [ps]

A(Am=15 ps)=?

measure frequency:

Amg=7?
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L

A o .
e Triggering On Displaced Tracks
e trigger B, > D, m, B, > D I

=
Primary Secondary
B C. <
. ) o g B

d, = impact parameter P2 GeVic; 12, <25
° € oo 2%V 5 F Includes

2 o 0= 470M/| "33 m
h 14000 beamspot
trigger extracts 20 TB /sec 8 12000
“‘unusual” trigger requirement: % | |
two displaced tracks: - Y .
(pr > 2 GeVic, 120 um<[do|<Tmm) & = = o
June 5-8, 2006 Course at University or 1okyo reter Krizan, Ljubijana
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) Example Mass Spectrum

i L bt

L -1 .
CDF Run Il Preliminary L=1fb S|gna|

partially . >
-—>

reconstructed . — d B> Dgr,
B mesons I — it Ds --> ¢,

i - --> K-
(satellites) - B,»Dx| ¢-->K'K
satellites

. combi bkg

W8>0 | combinatorial
B A=A~ hackground

.0 5.5 6.0

BO--> D-n decays Mass(o(K'K)rm*) [GeVic?]
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A Signal Yield Summary: Hadronic
CDF Run Il Preliminary L=1fb"
oscill, fit rgnge
. ! g —— data
[&] —
= 600 "
%’ B,—» D, n*
& 1 satellites
2 400 I combi bkg
ﬁ Be°-Dr
(1]
=2 A AT
S 00| W AA
=
m
8]

5.0 5.5* 6.0
Mass(p(K K')mx*) [GeV.-‘cz]

e high statistics light B meson samples:
B* (D%t ): 26k events
BO(Dr): 22k events

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Hadronic Lifetime Results

CDF Run [l Preliminary L~1fb"
3
10 —— data
— fit

g B, D, (3)"
8 107 . random bkg.
Q e -0 e
3 [ NN
S 104

s

| =

m

[&]

1 ] ’ }

proper time [cm]

1.508 +- 0.017

1.638 +- 0.017

1.538 +- 0.040

e World Average:

BO --> 1.534 +- 0.013 ps™’
B* --> 1.653 +- 0.014 ps™'
B, --> 1.469 +- 0.059 ps-"

Excellent agreement-->

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
Eﬂrrﬂﬁﬂ Calibrating the
DT . .
Proper Time Resolution
i CDF Run Il Preliminary period 3
prompt track trigger tracks ; — Drdata
10° no—t
1|| f
g 1 f'
 1¢° I "
8 I
7 o 2
,- Dy vertex g "
7 V]
/ b f
“BS” VerteX 10 | 1
P.V. 02 01 00 01 02
proper time [cm]
o utilize large prompt charm cross section

e construct “B0-like” topologies of prompt D- + prompt track
¢ calibrate ct resolution by fitting for “lifetime” of “B%-like” objects

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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B, Proper Time Resolution

CDF Run Il Preliminary L=1.00fb"
| , e event by event
0.25| | B, - D; 3)=* determination of
g g <> =25.9 um prin_"lc'_:lry vertex
"2 0.20; position used
g |
20.15] r
= 1 osc. period at Amg = 18 ps-' ;
8o -Loo bt , *® average uncertainty
g | ~ 26 um
o 005 . i
08005 500z 0604 0006 6.0 warc ° LIS information is
proper time resolution [cm] used per candidate in
the likelihood fit
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A Tagging the B Production Flavor
el vertexing (same) side

fragmentation
kaon K

+

D meson ~.
b hadron

“‘opposite” side

ct= L,ypl:

use a combined same side and opposite side tag!

e use muon, electron tagging, jet charge on opposite side

jet selection algorithms: vertex, jet probability and highest p;
particle ID based kaon tag on same side

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




Same Side Kaon Tags

e exploit b quark fragmentation

signatures in event . F

e BY/B* likely to have a n'/n —‘ k"
nearby .

e B likely to have a K* X )

o use TOF and COT dE/dX info. : JB

to separate pions from kaons — y K
e problem: calibration using only '
BY mixing will not work X
e tune Monte Carlo simulation to — B
reproduce B9, B- distributions, —
then apply directly to B.°

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

L

EERAuEE Time Of Flight System

1000

800F |
600 :—
400}

200}

'155 R

To - Texplm), NS i 1 /
e timing resolution ~100 ps --> resolves kaons from pions
up to p ~ 1.5 GeV/c

e TOF provides most of the Particle ID power for SSKT

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Total OST
SSKT

Tagger Performance

¢D? Hadronic (%)

1.47 +- 0.10 (stat)

¢D? Semileptonic (%)

1.44 +- 0.04 (stat)

3.42 +- 0.98 (syst)

4.00 +- 1.02 (syst)

e use exclusive combination of tags on opposite side
e same side — opposite side combination assumes independent tagging

information
June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana
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FEpAGEE

e

Combined Amplitude Scan

CDF Run Il Preliminary

L=1.0fb"

Amplitude
Mo

| W datat 16456

| = datat1c A 95%CLIimit 16.7 ps’

18450 O sensitivily 25.3 ps™

data+ 1.645 o (stat. only)

June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana
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Ay BsMixing: do we understand the Am,
Lo o] variation of the amplitude?

2 COF Run Il Preliminary L=10m"

Fourier transform for t=0 -> inf.
+ perfect resolution, tagging

0.8

0.6

2 3 4
Oscillation frequency (trillion Hertz)

10 20 30 40

Fourier transform for t=1.5 -> inf. + realistic resolution, tagging
+ perfect resolution, tagging

0.1
0.06

0.05

0.02
A\

T {/\MW %

-0.05

-0.04

se at University of Tol--06

Fourier transform for t=1.5-> inf.

HE e Measurement of Am,
20 CDF Run Ii 11"
= r —— hadronic
8‘) P — semileptonic
= 15[ — combined

the measurement is
already very
precise--> ( at 2.5%
level )

Am, = 17.33 +0-42 (stat) +- 0.07 (syst) ps

-0.21

Am, in [17.00, 17.91] ps at 90% CL
Am, in [16.94, 17.97] ps at 95% CL

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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|Vial / [Vl

2

ts

Ams — m gy §2 |V
Am, mpg, |th|2

e inputs:
> m(B%)/m(B,) = 0.9830 (PDG 2006)
> &=1.21 19947 (M. Okamoto, hep-lat/0510113)
> A my=0.507 +- 0.005 (PDG 2006)

[Vial / [V = 0.208 3355 (stat + syst)

e compare to Belle b > dy (hep-ex/0506079):

[Vial / [Vis| = 0.199 *0,028 (stat) *9.018 (syst)

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
B HERA-B

Fixed target B - Factory at HERA (DESY)

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

signal b auark

e Q!'li‘Gcﬁ

WHEe

Lraom fag

tageing b quark

June 5-8, 2006
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HERA-B

proton energy is 920 GeV,

sqrt(s)=42 GeV

o(b bar-b) ~ 12 nb -> el
o(b bar-b)/ o(inel) ~106 ———
BR for interesting decays
of ~ 105-10+

-> 11 orders of magnitude oo}

10.0 nb |

1.0 nb §

0.1 nb |

B t t 1 t 1
{HERA-B LHB Tevatron LHC S5C
0.01 nb - - - L
10 100 1000 10000
01 1 10 Phearn [ TeV] V5 [GeV]
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
i HERA-B: Wire in the beam halo

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 (=0.4 108 s1)

->LHC like experiment several years before LHC

Parasitic running:

HERA proton beam looses about 108 protons per second

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

June 5-8, 2006 Course at University of Tokyo 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

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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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 ->

June 5-8, 2006

0.3

0.2

(18}

Course at

S0
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m
Photon
Detectoy\._

Spherical Mirrors

Photon
Detectors

Planar Mirrors

June 5-8, 2006

Course at University of Toky|

HERA-B RICH

ﬁﬁﬁ HERA-B RICH
== photon detector
Requirements:
eHigh QE over ~3m?2
eRates ~1MHz
eLong term stability
->Gas based detectors could not
be used
Multianode PMTs: Hamamatsu
R5900-M16 and R5900-M4

June 5-8, 2006 Course at Univ

number of events

1 1 L
{ S0 100 1501 200 250 i)
pualse height (channels ADC)
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Light collection system

(imaging!) to:
-Adapt the pad size

-Eliminate dead areas

June 5-8, 2006

HERA-B RICH

Event display with two
isolated rings

- no noise

Ceremkey angle (o)

Course at Univ

Cherenkov angle
VS momentum

20 in a0 50 &0 h

pariicle momentim (GeVic)

.6

i 04
= Typical event :

0z

Still: it works

actually very well!
.6
4

0.2

identification probability

pion, kaon and 1
proton efficiency mm) s
and probability

0.8

M"N’.”Qp. v L (a)

-° @ pions
[ aons
AN 8 protons
o
L & b
e T
o 1o 20 30 40 0 6l 7
et (b)
-
. }
- ® kaons
. O pions _+_
. PSS MR
0 1o 20 30 40 50 60 7i)
fc)

r Ma..,'o'.,o‘ﬁn’ + -+
’—

0.6 - &
- @ prowons
04 F . O pions
02 F
NIM A516 (2004) 445 A o
oo 20 3w 40 50 60 7
June 5-8, 2006 Course at University of Tok p (GeVie)
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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
tracking detectors behind magnet, seeding by pretriggers

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

EAC A A

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
i HERA-B: J/y Production

L 107, ! [
s G < 40000}
2 J/y — pp Z | {"\ J/y —e‘e"
@ ~ 177,000 S 30000/ Iy ~ 108,000 J/y
g wi 0=44 MeV/2 ?‘g » o = 64 MeV/&
g 5 20000}
5 z o/
p/o /
10000 & ¢ y(2S)
3 !
107 - ~ 1600 y(25)
Y Y I I Y T T Y B A TR A L - PERALCN TSl
26 28 3 32 34 36 38 1-{ 0 0 ; PRI T % 58 4
M (W'u7) [GeV/e?] M (e*e™) [GeV/e?
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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HERA-B: Open Beauty Production

Detached vertex analysis

pA 5b b+ X

I—»J/\y + X
|—> ete . utw

_ 45
£as - 240t 47 + T
0482 101y > e'e gy TSI

® Downstream events
(signal region)

A ® Downstream events
N (signal region)
Upstream events
¥ %+ B Upstream events u P

(background region) (background region)

5 L 0
%_25 25 275 3 325 35 375 4 425 4. 07....25 25 275 3 325 35 375 4 425 45
- . 2
¢'e” invariant mass (GeV/c®) wl invariant mass (GeVic’)

ﬁﬁﬁ HERA-B Summary

LT

eFirst 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
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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N o

fafiinm) HERA-B Summary 2

First LHC like experiment before the LHC > messages for
the LHC experiments

-do not use MSGCs
-large area trackers are not easy

-trigger processors can get saturated by high occupancy
events which are not necessarily interesting

-RICH counters are more robust than anticipated
-retractable SVD works reliably

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

i b-production in pp collisions at LHC

Cross section for bb ' -
. . 100 mb |- ________________'f_'at._————-—-—'— 3
pair production
. 10 mb | 3
much higher at the
LHC ]
10 ub 3 I
1 pb r
100.0 nb b
10.0 nb |
1.0 nb §
ormp 1 T 1]
‘HERA-B LHB Tevatron LHC  SSC
0.01 nb - - — ”
100 1000 10000
0.1 1 10 Pbeam [TeV] s [GeV]
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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e Pairs of bb quarks are
mostly produced in the
forward/backward
direction:

o.; =500ub

10"bb produced per
year

June 5-8, 2006

Course at Univers

b
doesn't occur

sSos
>
= =
oSS - S
e o — — S ——
= e N
< N
S SIS SOS S S SS SOS SIS OSSO
N S SIS S OSSO SOS S SOSS
4 b 2 ey A
=
%5 ==

Figure 2.1: Polar angles of the b- and b-hadrons
calculated by the PYTHIA event generator.

LHCb is a forward spectrometer:
-Acceptance 10-300 mrad
_Efficient B-mesons trigger
-Good Kaon/pion identifjcation
_Good invariant mass pégolution

-Good proper timé&'resolution

Vertex
Locator
i

—5m

LHCb

M2

SPDIPS HCAL

June 5-8
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Warm magi}_ct
- 7 ]

Coil shaptio

—[Bdl=4/Tm

Power 4.2

oW

Iron yoke=1500 Tons

e

ominak ¢mrtrent Nov '0O4

June 5-8, 2006

Vertex locator...

Key element surrounding the
IP:

Measure the position of the
primary and the B, ; vertices

Used in L1 trigger.

Course at University of Tokyo Peter Krizan, Ljubljana
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Vertex locator

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

- 172k channels.

e Operated:

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

- Close to the beam line (7 mm) !
- Radiation < 1.5x10%4 neq/cm2 per year a

s
n3 e

1365 guter wirips

- Cooled at ‘5 OC PH Uasuil’nc CETECTOR
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
B Vertex locator

llll]lllll[lllllllllllllL_Li'l il ‘HH“ l “Ihm

Installation in November '05

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Sensors

¢ Characteristics:
- n+ntype
- Double metal layers
- thickness 300 pm
- Laser cut

e 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

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

Key elements to find tracks and to
measure their momentum.
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Overview of the tracking
system

e Trigger Tracker:
'\ ¢ Microstrip silicon detector
Outer

- Inner e 144k channels

e Three T stations:
- Inner tracker:
e Microstrip Silicon detector
e 130k channels

T Stations
Trigger Tracker

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

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
A Trigger Tracker
. 1.4 m ,

0° layer
¢ Microstrips silicon detector
- Two groups of two layers
(0°, +5°, -5°, 0°) separated

_ by 30 cm
ot x \ - Strip pitch 198 pm

Strip length 11, 22 and 33 cm
- Radiation < 9x10%? Ng,/cm?2

over 10 years

- Cooled at -5.°C
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

e Stoggered front-end readout hybrids

37



) T Station: inner tracker part

| LT[ L

i W i
‘N N
N, 4 c’
EENEE l

L 1.2 m "

e Microstrips silicon detector:

- Same sensors as Trigger
Tracker

- Four layers (0°, +5°, -5°, 0°)

- Strip length 11, 22 cm

- Radiation < 9x10*2 n.,/cm?
over 10 years

- Cooled -5 °C
June 5-8, 2006 Course at University of Tokyp . . _Peter Krizan, Ljubljana
i :
i T station: outer tracker part

R e T R

e Straw tubes:
- Four double layers
(0°I+501-5010°)
- Staw length 5 m read on
both sides
- Ar/CF,/CO,

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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™ RICH...

Key elements to identify pions and
kaons in the momentum range p€[2,100]GeV/c

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
L2\ .
PR Overview of the RICH
(T,

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

6. max

ofrom a few GeV (tagging kaons) ' ff— ] M
eup to 100 GeV: two body B ‘
decays K

-::“? 150 -

E

<DU 100
General rule: a RICH with a
single radiator can cover a factor ol 53 mrad
of 4-7 in momentum for 3o from -+ 32 mrad
threshold to the max. p. Larger o
region - more radiators! ! 0 100

Momentum (GeV/c)
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




Photo

i
arad -,iﬁ'l"“.[‘ﬁ | B
detectors 400 o : \ o
Aerogel mirror o med |
,\ ; _Beam pipe
Beam
Spherical mimor
Flat mirre -,
Track _
‘ . | Pholcdewec o
Bovasing
1 1t IZ2m
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

ke RICH1

¢ RICH1 in production
Installation in UX85 start end April '05

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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RICH2

Installation in July '05

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

Photon detector HPD

Si pixel array
(1024 elements)
\ cEr7mic carrier

/\ VACUUM

/\\/\Qphowcamoce
N ~._(-20kv)

A
RN

/T ~
Photoslect b
ofoslectrons >

\
N e
W~
W

Photon \\/“/

VAN NN Electrode

\,
N
\

RN

bump Bincn
y
bonds electronics
\ chip
Optical input
window

e Novel photodetector:
- 32x32 pixel sensor array
(500500 pm2)
- 20 kV operation voltage
- Demagnification factor ~5

N2 radiator

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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. ———
. e . S 7000 [ W B> 7r No RICH
Particle Identification 2
a 6000
- 5000
Kaon identification efficiency: 5 4000
100 S 3000
-~ I
o W
b ,-",.. KoK o m’:ﬂﬂ:ﬁ } 2000
% Lt
—_ 1000
X
g\ 60 - 2250
8 2000 | With RICH |
2
E 40 - 1750
1500
20 F oK i Wmﬁ 1250
DWWD%W%%%WW # 1000
00 2‘0 41‘) 66 86 100 750
Momentum (GeV/c) 500
<K Efficiency>: 88% 0
< misidentification> 3% o 5.1 5.2 53 5.4
Invariant mass [ GeV/c? ]
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
i Calorimeters...
e

-

Key element to identify vy, n°
and to measure their energy.

Used in LO trigger.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




¢ System subdivided in 3 parts:

Scintillating Pad Detector (SPD)
and Preshower:

¢ Two layers of scintillator pads
separated by a 1.5cm lead converter
Electromagnetic Calorimeter (ECAL):

¢ Shashlik types,
e |ead+ scintillator tiles
e 25X,

Hadronic calorimeter (HCAL):

— Iron + scintillator tiles
- 56\

¢ A total of 19k channels readout by
Wave Length Shifter fibres connected
to PMs or MaPMTs.

June 5-8, 2006 Course at University of Tokyo

amousag |

Overview of the Calorimeters

ECAL HCAL

1 particles

scintillators

PMT

Peter Krizan, Ljubljana

fibers

S Triggers...
40 MHz
'
Muon systom Level:0:
Pyile-up Pr i
system uehy

1 MHz

40 kHz
v
Full HLT:
detector Final state
Inform. reconstruction
v

June 5-8, 2006

2 kHz to tape

Course at University of Tokyo

Custom Electronics

Events Filter Farm

Peter Krizan, Ljubljana
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Trigger overview
10 MHz

hight p; + not too busy
Fully synchr. (40 MHz), 4us latency
On custom boards

1 MHz
L1: IP + high p;
Ave. latency: 1 ms (max 50 ms)
) NN Buffer: 58254 events
Trigger s us
tracker '
Calorimeter 40 KHz
s + Muon HLT + reconstruction
system Full detector: ~ 40 kb / evt
Single PC farm ~ 200 Hz
~1800 CPUs
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
A Level 0

e Fast search for ‘high’ p; particles (calorimeters,
muon syst)
— Charged hadrons: HCAL (~ 3 GeV)
— Electrons, photons, n%: ECAL (~ 3 GeV)
— Muons: muon system (~ 1 GeV)

e Cut on global variables:
— Require minimum total E; in HCAL (calorimeters)
¢ Reduces background from halo-muons

— Rejection of multiple primary vertices and busy events
(Pileup system, SPD) :
o fake B signatures (IP)

¢ Busy events spend trigger resources without being more signal-
like
— Better throw them early and use bandwidth to relax other cuts
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Level O: Pile-up system

/\HU)(W\U\HH | L

¢ Pileup system:

— 2 silicon planes
— Measure R coordinate

— backwards from interaction point
— no tracks from signal B

Interaction region

e Trigger strategy: veto multi-

PV evts
— From hits on two planes — ! Vertxt
produce a histogram of z on beam , Voo
axis £
¢ Sent to LO Decision Unit: :
height of two highest peaks + JI ; A

2(em)

multiplicity

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

A HLT Output rate
Use for .
HLT rate Event type calibration/systematics Use for physics
200 Hz | Exclusive B Control channels (tagging,...) B (core program)
600 Hz | High mass dimuon Tracking b—J/yX (unbiased)
300 Hz | D* Hadron PID Charm (mixing+CPV)
900 Hz | Inclusive b (eg b—u) Trigger B (data mining)
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Performance: LO x L1 Erficiency %

[ S
o o o o o O

« Efficiencies computed on offline - o
selected events Kic T
D.K : by
D'
DK™
e Overall LOXL1 efficiency: N —
_ o, we
30% for ) S/ K
* hadronic channels 3/ W) e
e e/y/m° channels /B Capa)K
— 60-70% for di-muons /¥ (uun(r7)
ALK
J/p(ee)Ks
¢ Software and hardware nren®
prototyped and working, within Ky -
time budget LO efficiency
_ : L1 efficiency
see Trigger TDR, Sept 2003 LoxL1 efficiency
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
i LHCb physics program

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

e Measurement of angle y (¢5)

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

46



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.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
ﬁﬁﬁ Event selection: (1)
[rems ] L=~
B, > DK* - (K'K 7* K

Kt
D;
B -—-é
r-" o

T T2 T3

Vertex o
Locator

Reconstructed event: ~72 tracks
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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Event selection: (2)
B, » DK’ - (K'K z* K
1) Primary vertex.

2) b, meson by using identified kaons and pions 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
|nvar|ant mass in the window mg *50 MeV/c?

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
! Resolution:
Ea ey .
1 F -+
Ty B, - DK —)(KKn
Primary vertex: 47um
200 200 +
2001
150 G, =9 um 150F o,=10um o, =47 um
+24%: +14%: 150- +22%:
6,220 pm G5 =25 pm a, =127 pm
100 1001
1001
50- 50 s0F
-l)l.1 lIJ IJ:1 -0‘.1 ‘ -1 Y I :

Bs

XrecXgru (M)

vertex: 144pm

150

100+

50

2 Zy (M)

0.1
Yrec Yirue (MM}

05 0 05 1
Zrec 2y (MM)

Bs mass: 14 MeV/c?

2000

1500)

1000

500

my, = 537 GeVie

Gy = 138 MeVic

it S
ST 54 5v45 55,
B, mass [GeVie']

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

48



Flavour Tagging

Quertex Taggmg B
Opposite side

..< K- Signal B, |
2 % 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.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
ﬁﬁﬁ Performance of Flavour
(T,

Tagging

After passing trigger and offline cuts

Channel g (%) | w (%) |ear (%)] - Effective tagging
B nta- 41.840.7|34.941.1|3.8£0.5 efficiencies vary between 3
B — K*t7n— 43.24+1.4|33.3£2.1 | 4.841.0 and 9% depending on the

BO— Jty (,up)Kg 45.1£1.3|36.7£1.9 | 3.2+0.8

final state.
BO — Jth (up)K*0 | 41.940.5 | 34.340.7 | 4.140.3

ggﬂK:II{{‘ iggig-g gggig-g ?-Eig-? - In real physics analysis, the
s TR D18 )| SUALELO | 1OE L wron fraction will

B0 — D 7t 54.621.2| 30.041.6 | 8.7:£1.2 ong tacgl actio ¢ Ibe
BY— DFK* 54.240.6 | 33.4+0.8 | 6.0+05|  MeaAsured using contro

BY— Jih (uu)p  |50.4+0.3|33.4404 |55+03|  channels with similar

topology, e.g.
B, = J/yK"™ for B, = J /yK,

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




The angle B (¢,) in
B, —)J/l//(/f,t[)KS{n%_)

. Decay is dominated by a
tree amplitude with
Im(A) = sin2f

Aft)

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

*0 o8 :
B,— J/yK / :
. Sensitivity for 2 fb: tRR e e e

resolution of 0.02 on
sin2p

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

i
B
The B, system...
Am, in B, >D.x"
Al and ¢, m B, = J/yo
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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« Flavour-specific B decay:

Proper time distributions

Oscillation frequency Am,

Events

200—

B, > D (K'Kz

Am, =15 ps’

Events

. Sensitivity for 2 fbi: ol

Amy 15 20 25 30
o(Ams) | 0.009 | 0.011 | 0.013 | 0.016

- Highest Am_measurable = 68 ps
(statistical significance of at least 50)

June 5-8, 2006 Course at University of Tokyo

Peter Krizan, Ljubljana

The phase yin B, > K'K andB, > 7’7"

e Tree and penguin amplitudes:

W

5] &40 5|
A g, LK)
N ey
wg N o | a,‘/ u
b ¢ U ) v/ . \i
Al i ) Y
[ S R A
Byl i (K AR T
" o ’ i K
dis) v

e By exchanging all d((_l) in s(g),
B, »n'z~ becomes B, >K'K

A::’ — fdir(d, ]9, y) Aﬁt}z _ fdir(d,’lgl,y)
A= 1 @90) | 1708 30)

June 5-8, 2006 Course at University of Tokyo

Peter Krizan, Ljubljana

R. Fleischer, Phy. Lett. B 459 (1999) 306
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A, _ N N
mis) The phaseyin B, > K'K andB;, -7 7

A% = £(d,9,y) Al =" (d', 9 y)

A= @8y p) (4% =9 )

de’® penguins d'é? = penguins
o8 = L5180
ree  y —ur free 5, —KK

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

If fand g, are known, four observables to determine

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

d,$and y
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
afim|  E ield f d
A vents yield for rare decays

e For 2 -flafter trigger and offline selection:

Channel BR. Yield  B/S(90%CL)
B, > K (K'z )y 29x10° 3.5x10* <0.7
B, > o(K'K ) 21107 9.3x10° <24
B, > w(7r+ﬂ’ﬂo)y 40 <35

B, >K (K'z Ju'u  8x107  44x10° <20
B, > o(K'K K(z'z) 1.4x10° 08x10° <02
B, > oK' K J(K'K) 13x10° 12x10° <I.1
B, > u'u 35%10° 17 <57

e Promising physics potential to study numerous loop-
induced rare decays.
Still room to adjust trigger in order to increase the rate
for channels of topical interest
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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LHCb CP reach

Channel Yield Precision*
B B, — JWK, 119k o(B) = 0.6°
B, — DK 8 k o(y) =10°
i B,—mm, B, >KK | 27k, 35k o(y) = 3°
By — Tt 27 k o(o) = 5°- 10°
20y B -Jwo 128 k o(28y) = 2°
|Via/Vis| [Bs — D 72 k Am, up to 58 ps™!
rare decays B, — K*y 20 k
2003 status
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

L

i A,(s)

e Forward-backward
asymmetry in the pp rest
frame Ag, s) is a sensitive

probe of new physics

B’ > K" u"

"

SUSY 11T, =0, G0l

- o SUSY 1LIC,<0. G >0

cm— SUSY 1(C,<0)

4 L3
s[GeV]

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

: 1
§= (mW /mB)Z wh {% ++"’++

ot b

v o b b b Lo Lo il
a Al a2 43 Af 43 A A7 A3

§=(mw/m3)z

June 5-8, 2006 Course at University of Tokyo

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.

¢ The installation seems to be progressing well,
expected to be ready for the first proton-proton
collisions in 2007.

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

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

Fuily simulated bb evemL in Geant3

' MC Pythia 6.2 tuned on CDF.and|UAS data
Mult:ple pp interactions and 5p|I reffects mc!uded

Complete description of matena1 from TDRs
Individual detector resp/ns”es;ur ed'on test beam results

Com plete patte m rﬁCognL:fb_,

reconstruction:
MC true information is neyer g

1M inclusive bb events produced i'rg_%sﬁ'mmer 2002 \
New “Spring” production ready: 10M eﬁeﬁs,ﬁ[,mber TDRs

Sensitivities quoted. hereare obtained by resca eat 5
studies to the new yields [P -

o 9] A ; (6) », Em“"”:
Marco Musy ym Fermilab 3th May 2003 Llfr N = :
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B physics at ATLAS

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

Event
pp — bbX — B.—J/y(uw) ¢(KK) ;
after simulation and digitization in the ARLAS Inner /
Detector )
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The ATLAS Detector

eInner Detector (ID)

—Semiconductor pixel and
strip detector

—Transition radiation tracker:
straw-tubes interspersed
with a radiator (e/n
separation)

—Inside solenoid of 2T
magnetic field

eCalorimeter

—Highly granular LAr EM
calorimeter: |n|< 3.2
—Hadron calorimeter:
In| < 4.9 (scintilator-tile in
barrel and LAr in end-caps
and forward)

eMuon spectrometer

—Air-core toroid system on
average ~ 0.5 T

—MDTs & CSCs; RPCs & TGCs

kyo

5 N,

ATLAS is Getting Ready

; s
F..
¥
| . 1 - b .1._" = e 530
- = N e | _iLF -
A : e [ St
; i, s -
A s 3 >
= T L= 2
(=
Jul . oxl ~go Peter Krizan, Ljubljana
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Beauty at LHC - experimental conditions

LHC pp o total = 100 mb
o inelastic = 80 mb
c bb = 500 ub
ATLAS/CMS LHCb
Central detectors Forward detector
n-pr In] <25 1.9<n <49
one B-hadron pr>10 GeV pr> 2 GeV
il o = 100 pub o =230 ub
Luminosity L=2x103cm?s! L=2x10%2cm?2st
for B physics rare B 103 cm?2 st
Statistics 1y @ 103 cm2 st ly@2x10%2cm2st
exclusive B 2.6 x 106 1.7 x 106 B — J/y
dominated by B —J/wy(up) 1.7 x 108 hadronic

June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana

L

mimgm  LHC p-p experiments : kinematics for b-events

LT

Py~ M range of B-hadrons after
trigger and off-line reconstruction

-

2 d =
ataof B-hadron

Common parts of phase
space: opportunity for
normalization checks in
absolute Beauty cross-
section measurement at
LHC.

n: pseudorapidity = -In tan 6/2

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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B-physics trigger strategies

eMuon — EM/jet trigger gives
almost no reduction in rate.
However it will serve to guide
LVL2 search for B-jet or
electron/gamma.

p—p
N 10 5 ) eDi-muon triggers are most
o single-muon favorable — they reduce
804 background contribution as
- well as rate.
fe2}
R=2)
=

B
(o]
[

[
(o]
N

10
1 ¢
= I IR o N RN B,
5 7.5 10 12.5 15
pr(), GeV/c
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

@gﬁg@ ATLAS B-physics trigger strategies

= Flexible B trigger strategies, according to luminosity conditions:

o At luminosity 103 cm2s!

" (py>6GeV) + (5GeV) B.—J/vy ¢, B;—~K®up, B—pp
" . (p>6GeV)+ -/ (E;>6GeV) B —K%y B.—¢y B—puy
. (p>6GeV) + - (E>10GeV) B.—D, n

o At nominal luminosity 103 cm2s!
. (pr>6GeV) Bopp

o At low luminosity (end of spill) -~ 103 cm2s1
n (py > 6-8 GeV) leaving further selections for High Level
triggers.

= Objects identified at LVL1 are further analysed at High-level triggers using
full detector granularity. Inner detector is involved.

= B-events written to permanent storage — 108/year all passed criteria for
specific exclusive B-decays modes.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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[=fim=1 ATLAS sensitivity in B, tree-level dominated decay
channels with possible signatures BSM

Proper-time resolution for B, —» D, n: 89 fs

Number of events after

trigger + offline

reconstruction

to confront
experimental

Models used in MC or

3y@1033cm-2s1 sensitivities.
Signal Backgr
B.~J/yd | AT, |300k 30% | SM: Fleisher CERN-
B.—~J/yn 9000 <100% |TH-2000-101
NP: Ball,Khalil,
Phys.Rev.D69:115011
,2004
B.—D, « 6750 <100% | NP: Ball,Khalil,
B.—D.a, AM 3620 <100% | Phys.Rev.D69:115011

,2004

June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana

.ﬁ- Semi-muonic exclusive rare B-decays in
:::nl‘mm ATLAS
BR Signature after Models used in MC or
used trigger +offline to confront
in the reconstruction experimental
MC 3y@1033cm-2s1 sensitivities.
Signal Backgr
1.310% | By4—K%™*pp 3000 <3000 Melikhov, Nikitin,
1.0107 |By— pup |Br.frac. | 300 1000 Simula, PRD57,98;

1.010¢

2.0
106

B, — ¢épp |ppu-mass | 900 <3000

Ap— App

Ars

Melikhov, Stech,
PRD62, 2000

WC: SM Buras, Munz,
PRD52, 95;

MSSM Cho,
Misiak,Wyller,
PRD54,96.

1500

NP: Chen, Geng,
PRD64,2001

Aliev NPB649,2003

June 5-8, 2006

Course at University of Tokyo

Peter Krizan, Ljubljana
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Far ¥ =y Sensitivity to New Physics in By —pu KO*

B— K%up
3000 events with 30 fb-! Agg (muon asym;netrg) plotted
g fF——7——71———71—1 versus pu—mass?/Mg
< F ATLAS statistical
s = errors2% in this="}
: area :
035 g _:
] In low values of di-muon
e \ ~ masses
s B o g Ul A e ATLAS can after 3 years
o 02 0.4 o€ . @10%33cm2s' = 30 fb™!
Q°/Md distinguish
— SM
== MSSM C,>0 MSSM C;44>0 from SM
....... MSSM C7gcff<0
June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

A Sensitivity to New Physics in A, —App

Ay— App
1500 events with 30fb!
ATLAS statistical _I_ ATLAS statistics errors

errors::g‘;i" his corresponding to 1500 events —
expected after 3 years

Tt b
ij m |H'|Ii | ! + ATLAS MC events generated with
i |H H" MSSM C, >0
% ; E l after trigger and reconstruction analysis

ATLAS can already after 3 years @1033cm=2s-1 = 30 fb-"
distinguish MSSM C;,.+>0 from SM in low values of di-muon
mass

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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ATLAS sensitivity in Br(B%— p*p-)

Integral LHC Expected Expected ATLAS CDF
Luminosity Signal BG events | upper limit | best upper
events after cuts | at 90% CL | |imit at
after cuts 959% CL
100 pb! ~0 ~ 0.2 6.4x108
10 fb? ~7 ~ 20 7.0x10° | 1.x107
30 fb? ~ 21 ~ 60 6.6x10° | 780 pb-1

Full trigger and detector TDR study was made also for luminosity 10**¢ms! It proved that
* the B — pp program can be

¢ already after 1 year a signal of 92 B; — pp events can be extracted over background
of 900 events and a limit 3. 10-1° can be posed on By — pp

The study continues for Final detector layout. Values in table given for 10%c¢m?s! are
already for Final detector.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
) ATLAS summary
Hae e
(T,

« ATLAS preparations for B channels potentially sensitive to New Physics
are in progress both at trigger and off line.

e B, — J/y¢: potential to reach NP values of weak phase ¢, precision will
depend on value of x.. Rate AI'; will be measured in the same analysis
with precision of 13%. Strong phases cannot be decoupled.

e Semi-muonic rare decays of all B-mesons species B, B, A, are under
preparation and will allow to distinguish between SM and certain
classes of MSSM.

e ATLAS can collect 10000 B—K*y and 3400 B.—py events in 3 years.

e In 3 years of 1033cm-2st ATLAS can observe B.—pp with stat.
significance of 3.

e After 1 year of nominal LHC luminosity 1034cm-2s-1 ATLAS can achieve a
limit of 3. 10-1° on branching fraction of B; — pp with 95%CL.

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana
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