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Future experiments

in hadronic
flavour physics
and CP violation

. Currently
running
(still some
future !)

d Coming
online
soon

. Proposed

Physics Exp. Machine Laboratory Operation dates
BABAR | PEP-II, ete- — Y(4S) SLAC (USA) 1999-2008
Belle KEKB, ete- — Y(4S) KEK (Japan) 1999-2009
B and charm
CII))I(:) - Tevatron, pp Vs =2 TeV F(eénsl%b 2001-2009
charm CLEO-c | CESR-c, ete- — y(3770), ... Cornell (USA) 2003-2008
K — nvv E391a | 12 GeV PS KEK (Japan) 2004-2006
B ATLAS
(and highpy) |  CMS | LHC, pp Vs = 14 TeV CERN 2007
B and charm | LHCb
charm BES III | BEPCII, ete — y(3770), .. IHEP (China) 2007—-
B and charm S;fﬁ;‘ Super-KEKB, e*e- — Y(4S) KEK (Japan) 2011-—
K — mvv NA48/3 | SPS CERN 2009—-
K — mvv (proposals expected end 2005) JPARC ?

International WE Heraeus Summer School, Dresden

O. Schneider, Sep 6-7, 2005



Contents

. 1st lecture

— Introduction: present status and motivation

— Charm factories

— Hadron colliders, B, mixing at Tevatron, LHC and its experiments
— LHCb: detector

. 2nd lecture

— LHCb: expected performance
— Super B factory

— K—mvv experiments

— Summary

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005




CP violation 1n the Standard Model (SM)

[ Higgs field (yet to be discovered !) generates mass of particles

[ Quark mass eigenstates are different from weak eigenstates
— quark mixing matrix (Cabibbo, Kobayashi, Maskawa)

weak CKM matrix =~ 1ass V.. proportional to transition
states N 1

states

amplitude from quark j to quark 1

Quarks i W
b — u
Vub
N
W
b < ' < u
Vi

Different mixing matrix for quarks and anti-quarks = CP violation
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CP violation 1n the Standard Model (SM)

1 CKM matrix:
—complex and unitary %_, responsible for CP violation
— 4 parameters (e.g. 3 angles and 1 phase)
T 100 ) ) )
VCKMVCKM = 8 (1) (1) — Vuqub T Vchcb T thth =0

— 6 unitarity triangles

—most sensitive experimental
tests on the two unsquashed
triangles, with transitions
involving b quarks

B, B” decays and B, B’ decays
most suitable to study CP violation

“Unitarity triangle”
(area o« CP violation)
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Wolfenstein parametrization

V., V.V, 1-22/2 A AN (p-in))

u

Ve =| Vg Vo, V| = ~A 1-22/2 AN + O\

Vy Vo V) [ANA-p-in) -AN L

t

Wolfenstein parameters:

— A =0.2240 +0.0036 (well known) V.V, +V V. +V V. =0
— A =0.83 +£0.02 (well known)

— 1-N/2)V,,
— n (CPV due to n=0)

n=~0-7\/2)n

arg(V,y) =P
arg(V,,) = =Y

p=>1-N/2)p
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Unitarity triangle from the sides

B decays at tree level

B°-BY mixing

(box diagrams dominated

Rates o [V > or IV I> 1t
= [V IV | ratio
=> length of left side

by virtual top quarks)
b —<y$b tho’:/ ® ds
B’,B, W t W B’,B/
d,s >—i L L—»—b
""" . m th’Vts V:;,
. N Amy < [V V. > =1V 4?

Am, < [V V. P =V [P =1V
= [V IV | ratio

AN

CP-conserving ‘ ]

o

=> length of right side
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First crucial test of SM 1n quark sector

[ Does SM give a coherent picture of CP violation ?

— Measure unitarity triangle from CP-violating processes:
€k CPV in K sector (discovered in 1964)
e sin(2p) CPV in B sector (discovered in 2001) <= main initial goal of B factories !

— Compare with

oty triane]
unitarity triangle 142 $in(2pB) = 0.687 = 0.032 from J/PK?
measured from - . : 2.30
the sides only, i.c. 1 sin(23) =0.793 + 0.033 from sides
from CP-conserving gk
processes -
(V| and Amy, Am) -
0.4
I st test passed :P;;;——jk;;_’;/f//
D2
successfully ! =
s
0 -'_:_IUT;,; Summer 2005 (68% and 95% CL contours) v
-l‘-1lil'-DEEI.IIDI.'IDEEII'I‘: I_
P
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Further test of CKM picture

(1 Measure unitarity triangle only from the angles in B decays:
— sin(2p) from B? — (cc)K’ interference of b—c amplitude with B°-B? mixing
— o (or B+y) from B — mum, pp, prt interference of b—u amplitude with B?-B° mixing
— vy from B — D®K interference of b—c and b—u amplitudes

J Compare again with triangle s —————"r————rr

UT angles from B factories

excluded area has CL >0.95

from side measurements

\ %

\ e

&\

\‘% \
«o‘(\
2
@\
N

P

| Disfavoured by cos(2f3)

= o 1 from angular analysis
of BO—=J K (K ()
2nd test passed osf

successfully !

[ o W
| EPS2005 ; \/ \ i
Al v v

L
o
o
o
o
o
-
-
o
no
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Consistency of CKM picture

1 B factories (BABAR & Belle) have done a superb job !

= 12:1}T‘ 0 \ | 07 [T T T [ T T T [ T T T LN S B A R S R N SN B EUN NN SR B
m o 0 [ o : ]
1 UTrit| o Y Y 0p B Ssin2B Amy iy Am_ & Am,, @_—
L= b =3 d fitter
E E d§ p EPS 2005 1
0.8 05 8 = E
— ; o — ]
osk sin2p 04 b o _ g E
S _ : % : sol. w/ cos 2B <0 .
0.al— 03 E g (excl. at CL > 0.95)
g & .
0.2p— Ex 0.2 o
o 01 B <—IVi/Verl ; 5
_02:_ 0 1 mh_ 1 1 1 ] 1 1 1 1 ] 1 1 1 ] 1 1 1
- 1 1
1 -04 -0.2 0 0.2 04 0.6 0.8 1
p

Does the SM give a co
If not what

t description of CP violation ?
alternatives to CKM ?

How accurate is the CKM picture ?

Are there “corrections’ to it ?
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Motivation for continuing the game

[d SM cannot be the ultimate theory

— Too many free parameters (quark and lepton masses and mixing angles)
— pattern must be governed by a hidden mechanism yet to be discovered

— SM believed to be a low-energy effective theory of a more fundamental
theory at a higher energy scale A, expected to be in the TeV region

(1 How can New Physics (NP) be discovered and studied ?

— NP models (= extensions of the SM) introduce new particles, dynamics,
symmetries, ... at the higher scale A ~ TeV. These new particles could

* | be produced and observed as real particles at energy frontier machines
(LHC, linear collider)

appear as virtual particles in loop processes, leading to observable deviations
from the pure SM expectations in flavour physics and CP violation

The TeV scale is accessible at future planned experiments — must continue

The “direct” and “indirect” approaches are complementary !

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Strengths of indirect approach

([ Can in principle access higher scales and therefore see effect earlier:

— Third quark family inferred by Kobayashi and Maskawa (1973) to explain small
CP violation measured in kaon mixing (1964), but only directly observed in 1977
(b) and1995 (t)

— Neutral currents (v+N— v+N) discovered in 1973, but real Z discovered in 1983
(1 Can in principle access the phases of the new couplings:

— NP at TeV scale needs to have a “flavour structure” to provide the suppression
mechanism for already observed FCNC processes — once NP is discovered, it is

important to measure this structure (including new phases)

G = ¢SM = —arg(V, ) =2

- <9 N
/ ! N - _
b— < S — e
L L { B B ? | | ? B
S } KO | ? .
d > d d—t - — L
B? — ¢KO decay: “Penguin” diagram BO—B? oscillations: “Box” diagram
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New physics and baryogenesis

[ Our Universe displays obvious baryon number asymmetry
(1.e. matter-antimatter asymmetry
— No anti-helium (or heavier anti-nuclei) detected in outer space
— No annihilation y rays seen in from outer space

[d Evolution from symmetric situation at Big Bang (or after inflation)
requires a number of conditions:

Baryon number violation EW B violation at high T (sphaleron)
C and CP violation Weak interaction, non trivial CKM phase
Thermal non-equilibrium Ist-order phase transition in early universe
Sakharov’s conditions (1967) ... and how they would be satisfied in the SM
([ Problems:

— SM Higgs too heavy to produce 1st order transition— other scalars must exist
— SM CP violation far too small — other sources of CP violation must exist

| Baryogenesis seems to call for physics and CP violation beyond the SM

(NB: almost every extension to the SM implies new sources of CP violation)
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in quark

Search strategies for NP flavor

d Explore as much as possible all FCNC transitions
(b—s, b — d, s — d), where NP may show up
— e.g. measure B, oscillations

(1 Measure processes which are very suppressed in the SM,
where NP may show up as a relatively large contribution
— Very rare K decays, rare D decays, D° mixing
—b —sy,b—sl*l", B, = uu
— B, mixing phase ¢, (= —arg(V,*)=-2A*n in SM) —— see next slide

[ Improve measurement precision of CKM elements

— Compare different measurements of the same quantity,
one which 1s insensitive and another one which is sensitive to NP:

e sin(2f) from B? — J/ApK, and sin(2p) from BY — ¢Kg
e v from B, = DK and y from B’—=n*n-and B,—~K*K-

— Measure all angles and sides in many different ways
— any inconsistency will be a sign of new physics

— But watch out for theory uncertainties !
— reducing and understanding them must go in parallel with experiment
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Higher A-orders in CKM: angle

V, V., V, 1-2/2 A AN (p-in) 348 0 0
Veer =| Vg Vo, V| = —\ 1-N/2 AN + | AN A/2-p=in) A (1+4A%)/8 0 + O(\)
vV, V. V,) |AX(1-p-in) -AN 1 AN (p+im)  AN1/2-p-in) =A%\ /2
Vudeb + Vch:b + thV:) = (| < keep terms up to O(A*) — thij + VtsV:s + thV:d =0
o A
ﬁ T ______ (_Ip, TI) n j------- (pa TI)
2 * th (1 - )\‘2 /2)th
1-A"/2)V, ! MVcb\
}\“Vcb‘ E
: 2 |
Y L o L e -
p=>1-A"/2)p P KXENT 1N /2+pN

arg(Vub) =—Y, arg(th) = _Ba arg(Vts) =X+
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sin(2f3) from b—s penguin

[ sin(2¢") made a lot of noise since 2003 o
sin(2™)

HEP 2005

— Naive average of all b—s modes
deviated from B—(cc)K® modes

PRELIMINARY

b—sccs World Average 0.69 + 0.03
by 3.80 last year, now only 2.6 T BaBar T 0250
; . ¥ Belle : :  0.44 +0.27 +£0.05
— But don’t average: % Average | i | i oarzoro
e theory uncertainties need to be g ~ BaBar [l : 0.36+013+003
taken into account in comparison ; Selle : ;g o 06ex012+004
P F . Average i i el i 050:009
e different channels might be ¥ ga:?ar ' 0.95 7552+ 0.10
: elle : | 0.47 +0.36 + 0.08
affected differently by NP +° Average | 5 e 0.75 4 024
T, TBaBar TSl T 0357050+ 0.04
. X Belle : 0.22 +0.47 £0.08
V WV R, Average | | 0.31+0.26
Dt YCS S X" BaBar i 08410711008
¢ Decay phase =0 R Averagk * ' -0.84 +0.71
R BaBar 050703+ 002
W : 0.38 = o
C X Belle : . t 0.95+0.53 713
N ©  Average i oM 0.63+0.30
V. .- " xx-"~V° ¢ BaBar ' -’ 0.1 X018 £0.07£0.41
tb 2 NS , +0.19
S ) \« Belle , i wMb 0i60 £0.18 £0.04 Tyy5
W q Decay phase ~0in SM| 1, Average ] © 0.51+0.14 %51
----------- - T T BaBar T T T T T e T T 063 T 0 1 0.04
{ q Decay phase # 0 if NP .’  Belle —-okf+:  0.58 +0.36 +0.08
. B Average : 0.61 +£0.23
total = (mixing phase 2f3) +( decay phase) 3 P 1 1 5 3
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Most promising channels

ELECTROWEAK STRUCTURE

th. error < 10%
exp. error < 10%
exp. error ~ 30%

FLAVOUR COUPLING:

b —=s (~\) b —=d (~A%) s —=d (~))
AM, . )
AF=2 box B @
Acp(B—=yo) Ap(B;—yK)
t
4-quark box [~
gluon (Bd—:»}{S @@d—rq;@ .
penguin By—=Xy7 K; —=nl']
B, —=X I'T B;—=X y)|B,—X [, B—=X
T ) LM a d d d f KL_Z"_T[HFI_
penguin B,—=¢K
Z0 B, =X ['T)B—un |B—=X I, Bj—up K, —=nl'T
penguin K—mvv
Hﬂ
penguin B_-; —uu Bd —Uup

Taken from
G. Isidori
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NP-free triangle

[ Unitarity triangle determined
only from measurements
of tree processes

(assumed to be free from NP):

— V|, from b —u rate
—vy =-arg(V,) from B— D(*)K

(1 This is indeed what we know
about the CKM matrix if we
suspect New Physics might
exist in loop processes

— It is essential to improve the
precision on y from tree decays

1= F
1=
os-
o !
05 "
1
1 1 I 1 1 1 | I 1 1
i1 -0.5 0 0.5 1

p
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Allowing New Physics in BY mixing

SM+NP SM SM+NP SM
1 Use model-independent Amyy = CBdAmd p =07 + ¢Bd
parametrization of New Physics gp T = C.. ey o SMHNP _ oSM Oy,
in BY (and K) mixing, and re-do
UT fit with free NP parameters ~ (v and |V,, /V,, unaffected)
& “F i q_ &0
_é.;a 40:_ ;g-.,'-:.j?'. . / .é-j EO:- UTs;
Z 405 e
zo:_ -- »
of~———- 38l s e 0
- o ' -205_—
*E 4o~ Same, but including
o :—UT <0 constraint from Ay
- UTit | :
'Eoﬂ_ﬂﬂl's 'II I S S—— -805'0511522531 a
Cq, ts

Luca Silvestrini

(LPO5, Uppsala) New Physics in AB=2 and AS=2 can be up to 50% of the SM

only if NP has same phase as SM, otherwise it can be at most 10%

= NP is either “Minimal Flavour Violation” or new CPV only in b—s transition

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Allowing New Physics in BY mixing

. : SM+NP _ 24 _SM SM+NP _ oSM
3 Another similar analysis Am, " =1;Am;" BT =p7 + 0,
. . SM+NP SM
(without g, without Ay, ) o =o" -0,
1—CL 15 T 17 T T T L \\\\\le(f)L 1
e EEEEEEE s R —— I [ 1
150 ek | sMCKkmFi )
100 | 1 [ 08
5 50|
3 i 0.6
0
?\DJU -50 0.4
-100f
_15of . | : 0.2
T e [E | New Physics in BB mixing
2 gl bl D
d -

CKM fitter group

(Summer 2005) Y RRYRTTee preferred, where possible NP phase is < 15 degrees.

The relative strength of NP to SM contributions can still easily be of order 100%.
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Charm factories

(1 CLEO-c experiment (Cornell):
— Taking data above charm threshold since 2003:
e ete —YP(3770) — D*D-or D'DY (281 pb~! so far)
— Plan to go also above D, threshold (Vs=4.1 GeV):
e ete—=Y(...) > DD, ...
— May still spend one year on J/p or (2S)
— End 1n 2008

1 BES III experiment (Beijing):
— BES 1II stopped in 2004
e 27.7 pb~! recorded at y(3770)

— Old BEPC storage ring dismantled this summer to install a new double-
ring machine, BEPCII

 design luminosity 1033 cm=2s-! at y(3770) (= 100 times BEPC)
— Major detector upgrade: BESII — BESIII

— Start of physics commissioning in 2007
— Will run on JAp, Y(2S), Y(3770), etc ...

‘ International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Key contributions expected from charm factories

[ Improve determination of y from B—DK tree processes:

— Measure more precisely D—K - Dalitz plot
— Measure D meson strong phase differences appearing in ADS analyses of B*—DK*

d Improve extraction of right side of UT from B oscillations measurements:

— Measure decay constants f,, and f
: b+ bs EXPERIMENT
from purely leptonic decays: new. .
CLEO-c 50 evts T 223*16 g MeV
MARK Il %< 290 MeV @ 90%cl

c + +
D+ W ¢ BES " 7
I v 37172125 MeV
» | tucmoy - == == == = =

G 5 THEORY |
m new, .

F(D s g V) _ ‘ ‘ f2 M 1 _ Y 20143417 MeV ™ } Lattice QCD (FNAL & MILC)

cd .M D* M 2 ‘ Quenched Lattice QCD (UKQCD

D* ad i Quenched Lattice QCD
. . . \
— Compare with lattice QCD calculations: N gg‘; opechal Sum Rules
. . . —_—— um rules
— reduce uncertainty on theory predictions : Relativistic Quark Model

for fy, and fg, (e.g. rely on LQCD only to
predict ratio between B and D constants)

— reduce theory error in extraction of 100 200 200 4o
IV /1V | from Am /Am, fo+ (MeV)

O. Schneider, Sep 6-7, 2005 23

Isospin Mass splittings

} . Potential Model
\
\
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Constraining UT with B, and B, oscillations

_ Gimym,S(m; /my,)

V. V., V. , s
b 4—Ittb T tr*t d,s AInq 631:2 InquBqIBBq\]tq\]tb
B, w!W B,
S 1 1 S 2
d,s P—‘ L IO—P b — AIns _ My %2 ‘Vts‘ where % _ st @
i Am, m 2 f B
Vigs Vg Vi d By ‘th‘ B, \/Td

(1 Theory uncertainty (LQCD):
—| £=1.24+0.08
T dmDieps foBy 276238 MeV 149

e £ =124+004+0.06 —~6%

[ Experimental accuracy:
Am, =0.509 = 0.004 ps”' —0.9%

o(Am,) willbe <0.1ps™ _, 59
as soon as measured

Theory uncertainty will soon be one order of

, -0.4 02 0 |0.2 04 06 08 1 magnitude larger than the experimental one !
= LQCD improvement most welcome
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Which collider tor B physics:
(dis)advantages

ete—Y(4S)—BB ete-—Z—hb pp—bbX (Vs =2—14 TeV)
PEPII, KEKB — SuperB | LEP, SLC — Tevatron — LHC
Prod. o, 1 nb 6 nb 100 — 500 ub
Typ. bb rate 10 Hz 0.3 Hz 10 — 100-500 kHz
Purity ~1/4 ~ 15% /Oy = 0-2% = 0.0%
rigger is a major issue !
Pileup 0—=0 0 1.7 — 0.5-20
B types ggg; (50%) B* (40%), BY (40%), B, (10%), B_ (< 0.1%),
(50%) b-baryons (10%)
B boost Small Large, hence decay vertexes well separated
e | BBpirdone | 2bjes (e | Moy PRI ot asociaed
Prod. vertex Not reconstructed Reconstructed Reconstructed (many tracks)
BB’ mixing Coherent Incoherent (extra flavour tagging dilution)

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Hadron colliders

Tevatron II 200120090 LHC =2007)
LHCb ATLAS/CMS
beams, Vs p+p, 2 TeV p+p, 14 TeV
Oy, 0.1 mb 0.5 mb “ .
imb 5.5 mb bt
Ovisible ~63 mb large uncertainties
Oinelastic 60 mb 80 mb (not measured yet)
O\oal 75 mb 100 mb )
Opunch crossing 1.7 MHz 40 MHz
Atbunch crossing 396 ns 25 ns
GZ (luminous region) 30 cm 5.3 cm
L [cm™2s7?] 0.5x10% 2x10%  10°3(10%)
<M el pp int. / bx> 1.7 0.53 2.5 (25)
b g b g b g b
>U< o b
b - O
flavor creation flavor creation q flavor ! gluon
(annihilation) (gluon fusion) excitation splitting

International WE Heraeus Summer School, Dresden

O. Schneider, Sep 6-7, 2005 26



CDF and DO at Tevatron Run II

[ Tevatron: ([ B physics topics addressed:
— slow start in 2001, — b-hadron lifetimes and AT,
but now reaching L, = 10°* cm~s™! — B, mixing
d CDFII and DO: — B,, B, A, modes

— now taking data with >80% efficiency
— producing significant B physics results !

Hotest topic Search for B —B,

oscillations and measure Am,

Collider Run Il Peak Luminosity

1.40E+32 o~ 300 ' T r T - - ; ; I
: | v
1.20E+32 250_ |
5
1.00E+32 :a i
Z g 200+ 2004 _
E 8.00E+31 'E | ]
E
3 s 3 150- 2003 _ ,.
¥ e E o / /)
B, 105005 e 2002
2 00E+31 g B / / -
501 |
0.00E+00 = _,.-d""'"
o F [ -
§ Fet T

1 1 PP
0 50 100 150 200 250 300 350
Day
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B, oscillations

d Neutral B meson system (B, or B)):

— BY and BY are quantum superposition B
of two mass eigenstates By, and B, : B y=p B0> *( B0>

— Produce B? and observe its decay in a flavour-specific final state at proper time t
(assume CP conserved):

0 _ RO e (AF ) - Am=my —m,
Prob(B’ —B’) = 5. |coshl =5 (cosAmt)- AT=T, -T,
L -t/ n
Prob(B’ — B’) = 621 cosh(AzF ) (cosAmt) r-lothy ;rH =1/t
d Slow B, oscillations:
. B r 45 -
— well meas.ured.. Am,=0.5 ps :g n  Example:
d Fast B, oscillations: o | Mixed Am = 15 ps-!
— not measured yet: Am > 15 ps! 25
— experimentally very challenging | =15 ps
— NB: we know effect is there since  1of]
¥, has been measured to be ~1/2 5 H

= [Prob(B} — B/ )dt

Decay time t (ps)
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Statistical signiticance of B oscillation signal

d Experimental effects dilute statistical significance of B, oscillations:

— Flavour tagging ¢ = tagging efficiency
effective efficiency € g £, =teD’ = e(1- 2w)2 D = dilution
w = wrong tag probability

— Proper time ¢ =B, decay length

resolution oO;: t=0" = O,= <>O£ Dt~ p = B, momentum
b P m = B, mass
— Signal purity (before tagging): S S = number of B_ signal events
S+B B = number of background events

(1 Somewhat naive but extremely useful formula:

2 For example, must
signiﬁcance = . /% exp| — (AmSOt) i have significance >5
2 2 S+B for a 50 observation
of B, oscillations

— Because Am, 1s large, very strong dependence on the resolution
* need to be able to resolve the fast oscillations
— If significance too low, set lower limit on Am,
* need to have a good knowledge of o, and ¢_;
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Semi-leptonic B,—D I*vX samples

(DO example described here, but similar analysis at CDF)

D@ Run |l Preliminary

DO Run Il Preliminary  [Latstops’ % [
e E [ 1
L4000 |+, - = 5000+
g | Hum) N(D,)=15636-193 ° o
23500 — = _
s L N(D%)=4349+152 £ 4000 DK
=] C @ o
=3000 o 1
g - : 610 pb’
& 2500— 3000+ - K*0K-
E — _ S
2000 Ds —>q)31; !
c 20004
1500 - ]
1000 -
g .y 10004
500 ]
:I 11 | 1111 | 1111 | 1111 | 1111 | 1111 I | | I 1111 | 1111 | 1111 0-. -
07 e s i e 2 205 21 215 22 1.8 1.0 > 2 1

2
M e(GEVIE’)

. 2
N-Inss”\.mh_ (GeV/c)

J Trigger:
— single track matched to muon with pr >4 GeV/c
d Semileptonic B, decay:
— high statistics, but limited B, mass and proper time resolutions

1 Tagging performance (opposite side tags, dominated by muon tag)
— eD? = (1.94+0.14)% measured on B, oscillations
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Latest DO result on Am,

— Plot A+ 0, versus Am,

(similar to Fourier transfornN_

of mixing asymmetry)
— A=] (within error) at true Am,
otherwise A consistent with O ol ' il
— Significance = 1/0,, [ USSR

DO Run II preliminary

DAmplltudemethOd <« -"]jl(k'*l'(l")'I"'I'"I"'I"'I"'I"'I' E
« » [ ! T I

— Replace “cos(Am.t)” with S T July 2005 ;

“A cos(Amt)” in mixing expressions = ¢ datatlc & 95%CLlimit 73ps’ 0

. gq 4 - 164506 =~ sensitivity 9.5 ps’! " 1]

- F}t tagged rates for A, at many 2 [ B damsreno ' ]
different test values of Am, 3 [ [ data+ 1645 (stat only) [

Ly

— If no significant signal, exclude values -1 -
of Am, for which A=1 is excluded 3 4
2 [JLdt=610pb™

. In this case: ST TN/

IIIIIIIIIIIII\\‘}\LI/III&I:
16 18

I 1 1
8 10 12 14

0 2 4 6 20
— No signal, exclude all values of Am, in this range Am. (ps™)
at 95% CL S P
< > (CDF similar)
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B, exclusive hadronic signals

3 Much (~10 times) less CDFII Preliminary, 355 pb ,B,— Dgr, De— ¢m
Do ~
o 140 |
statistics compared to I
semileptonic B sample, o 100 | — Fit Function
but much better o, and G, = B~ D
(full reconstruction) — 100 | B> DK
45 - 5 - B — DX
;‘22: Unmixed Hadronic mode % 80 L el S (Y combinatorial
30 E_ Mixed Am =15 ps—l Q 60 background
zi 3 w=0,B=0,S=» g »2/NDF = 132.7/125
155 o, = 100 fs constant 2 40 prob: 30.18%
10 I [
5 O 20
% 5 4 6 8 i
o ol
:2: Unmixed Semileptonic mode
ol 3 vxed  Am =15 ps~! K*Kwn; mass [GeV/c']
20f- w=0,B=0,S=x d Trigger:
oE o= (167fs®0.151) — two displaced tracks with impact
5/ parameters measured in vertex detector
ok : : : I : : : I \ : n T - .
0 2 N %ecay time t (ps)8 D Tagglng:

— eD2 = (1.12+0.23)%
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CDF’s Am, results with hadronic modes

CDF Run Il Preliminary L ~355pb’
526433 B,~D (¢m)n (S/B=1.8) 4| = data=z1c A 95% CLlimit 0.0 ps”
254421 B ~D (¢gn)n (S/B=1.7) | 16450 O sensitivity | 0.4 ps’
116+18 B>D (uwm)n (S/B=1.0) 5 ZZIZ;:?Z(Stm.onH ‘ "
8 ‘% 4+ i“ |I L3
%o*ﬂﬂ M Ll T|| Tl
E * * * TT * 1 o
R Al
-2_ L 3 ’
'4'_ Hadronic
o 5 10 15 20

Am, [ps’]
. Amplitude spectrum (~ Fourier transform of proper time distribution)
displays just “noise”
.. but this 1s the clearly the way to go with larger statistics
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Present overall status of Am,

¥}
in

D WOﬂd aVerage: g World average (prel)
— Published results from F o E bt e 0V
ALEPH, DELPHI, OPAL, SLD, CDF N Vo
+ latest preliminary CDF II and DO results [ data s L6350 atonly) ol ;
— Sensitivity: g e O R
o 18.8 ps™! for 95% CL exclusion 05 | H‘HHHH‘ 1 ;
e 9.7 ps! for 50 observation o Ege o %& HEH il
(1 SM prediction: 5 |
¥ Direct searches: '
. ] Am, > 14.4 ps at 95% CL Hh H
£ _ I
.E [ S s T s 0 125 15 175 20 225 25
g oo UT fit without Am: . o Am s
2 Am_=22.2 +3.1 ps”! d Feeling that SM Am, is within
- Tevatron’s reach:
_ — NB: a 50 observation of
i Am =20 ps~! would require

— increasing sensitivity (=1/0,)
Amps] by a factor 10
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DO upgrade plans

D Analysis improvements: ‘.E" 16.0 _I LI | L | T I ) |II| LI I Gl | 1T I LI | L0 | I I;I
: = z |
— add hadronic B decays —Z—» Essential |, 1401 semileptonic| DO f
(triggered on tagging muon) = . fEiW‘fp_gAraAde.,L 7777777777777777777777777777 I
— use more D channels e /7
— use per-event o, and w 8 j00f f/ /
a : / /
d Detector upgrades during 0 | vadrone /|
next shutdown between E ¢ )
| - / /
Run IIa and Run IIb ® L .
(fall 2005—Jan 2006): S o Hadeoni +
. . ..q_‘) 2.0 HLimi +
— Addition of a “layer 0” of Si E P 7 " BWupgrade
detectors around beam pipe /I I Y B R R Y B B Y
e R(layer 1)=26 mm — R(layer 0) =17 mm o 182E0}22.244263 2830 3§m::4[ps ]
 Should improve resolution by ~25% From global fits L

— Increase trigger bandwidth for B physics
e Rate to tape: 50 Hz — 100 Hz
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Projected Am, reach at the Tevatron

30 Planned integrated luminosity
: -1
56 observation at the end of each fiscal year (fb~)
CDF & DO combined Q Year (FYO5|FY06|FY07|FYO08| FY09
— = Baseplan | 1.0 [ 1.5 | 2.1 | 3.2 4.4
' puri o
a 20- / o Designplan| 1.4 | 22 | 3.8 | 6.1 8.6
o ] / l 5
5 3
Z MAIN INJECTOR
‘w10 Knecmen
S TEVATRON ,
@ CDF tagging: add kaon tag, €D*= 3% /"" 'fz
CDF vertex res.: 20% improvement ;'./ RO = % TARGETHALL
5 CDF/DO: Similar sensitivity | gmnpmmm
T T T OURCE
2 4 6 CoF ) t\;
) ) . -1 ()~ BOOSTER
Delivered luminosity/expt. [fo ] Hj — / "/ oy
(d Luminosity delivered today: ~1.2 fb™! COCKCROFTWALTON

EI Run IIb luminosity will depend on Recycler ring and electron coohng performance:

— Mid-July 2005: first electron-cooling demonstration achieved at the Fermilab’s 8.9 GeV/c
anti-proton Recycler ring, after 10 years of efforts !
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The Large Hadron Collider ...

... will take over from the Tevatron in 2008

d Main
justification:
— High-p physics

direct search for
LHC - B CERN

new particles < pmgPoint 8 == ATLAS ALICE
Tl ::I‘ oln

(d Other main
programmes:

— B physics and
CP violation
(indirect search)

— Heavy (Pb) 1ons
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... viewed from the sky on July 13, 2005

Jet d’eau\

s

TE. T TETTYRTTY

ALTAS surface
bulldings v, . -1
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LHC magnets

(1 ~1650 main magnets (~1000 produced) + a lot more other magnets
[ 1232 cryogenic dipole magnets (~800 produced, 70 installed):

— each 15-m long, will occupy together ~70% of LHC’s circumference !

B fields

\ of 8.3 T in
opposite

/' directions
for each
proton beam

‘services
line
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LHC start-up and running schedule

([ Predictions can always be optimistic or pessimistic (and may change)

— This slide was shown

at EPS-HEP conference

in July 2005 (Lisboa) \

(1 Basically:

— Beam commissioning
starting in Summer 2007

— Short very-low luminosity
“pilot run” in 2007 used
to debug/calibrate detectors,
no (significant) physics

— First physics run in 2008,
at low luminosity
(10°2-10% cm2s71)

— Reaching the design
luminosity of 10°* cm=2s!
will take until 2010

Stage 1

Initial commissioning
43x43 to 156x156, N=3x100
Zero to partial squeeze

L=3x10%8- 2x10*!

Stage 2

75 ns operation
936x936, N=3-4x10'°
partial squeeze

L=10% - 4x10%

Stage 3

25 ns operation
2808x2808, N=3-5x1010
partial to near full squeeze

L=7x10%- 2x10%

Stage 4

25 ns operation
Push to nominal per bunch
partial to full squeeze

L=103%

“ Difficult to speculate further
on what the performance

might be in the first year.

As always, CERN accelerators
departments will do their best !"

Lyn Evans

G. Disgerion - LHC expectations

Machine checkout

Shutdown

Shutdown TJowary |

Machine checkout
Startup and scrubbing

February
March

ul
August
September
October
November
December

December

February
March

International WE Heraeus Summer School, Dresden

O. Schneider, Sep 6-7, 2005
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that will do B physics

LHC €Xperim€nts (roughly to scale)

JATLAS/CMS:

general purpose experiments,
optimized for high-p; discovery physics

JLHCD:

dedicated B physics experiment
(may be the only one running after the B factories, unless Super-B is approved)

Muon Detectors

Electromagnetic Calorimeters

/ \\\ \\
. A ‘ \ Forward Calorimeters
; N Solenoid \ \ 7

: .
e

End Cap Toroid
/
/

(iR s

Barrs ol Hadronic Calorimeters Shielding
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B acceptance

[ ATLAS/CMS: Pythia production cross section

— central detectors, Inl<2.5

bb correlation

— will do B physics with
high-p; lepton triggers

J LHCb:

— designed to maximize ‘ ‘
B acceptance (within cost IR R S— .
and space constraints) ISR N

\i\\\i\\\i\\\i\\\

— rely on softer, lower py triggers 2 o > 4 p
f B-had
— forward spectrometer, 1.9 < Inl <4.9 eta of B-hadron

—
e
)

pT of B-hadron
]

10

e more b hadrons produced at low angles
— only single arm (cost and space)
 OK since bb pairs produced correlated in space

e Implies LHCD interaction point displaced by ~11m
(=1.5 bunch spacing) with respect to nominal position
on the ring (=center of cavern)
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Luminosity and pileup

1 Pileup:
— n = number of inelastic pp interactions occurring
1n the same bunch Crossing L =instantaneous luminosity
— Poisson distribution with mean <n>=Lo, /f f =non - empty bunch crossing rate
o, =80 mb
J ATLAS/CMS (f =32 MHz) o goiPP interactions/crossing
— Will want to run at highest luminosity available Z m.0: — ]
— Expect L= 1-2 X1.033 cm—2s~! 10=20 fb-! in 107 s § 0L80] _'
(<n>=2.5-5) for first 2 years e | :
— At 10°* cm~?s7! (<n> = 25), B physics becomes Dol
impossible except B—uu ; ;
1 LHCDb (f = 30 MHz) Y _:
— L tuneable by defocusing the beams p2f) %
I 40N

—Choosgt(i(%lznat_<2L_1>~2><1O32(:rnzs1 . L M
(max. 510 em s ) e as
e (Clean environment (<n>=0.5) Duminosity [cmEARHEIT

e Less radiation damage (LHCb 8mm from beam / ATLAS 5 cm)
e Will be available from 1st physics run

(107 s = nominal year)
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Overall trigger schemes

pr and E triggers vertex triggers confirmation,
(muon + calorimeters) (Si vertex detector) filtering, reconstr.

CMS 40 MHz |High p 50 kH, | Cuided 100 Hz
— T | » reconstruction ———
ATLAS 40MHz | Uk, i (u+jet) 75kHz | (e.g. around W) | 200 Hz
e.g. pr(w) > 6 GeV/c
. Tracks (possibl
40 MHz Medium py 1 MHz L()_matg})led) wih 40 kHz_| Full final state | 2kHz
LHCb » b, 2o b (9 g PR reconstruction
+ dimuon
e.g. pr(w) > 1.1 GeV/e
BTeV TOMHz | Detached vertex | 80Ktz Full final state | 3kHz
a : A (LGN Creconsiruaciion
discontinued :

d ATLAS/CMS: — Mostly B physics with modes involving dimuons
— no purely hadronic trigger (must rely on tagging lepton)

J LHCb: — Much lower p;, go also for purely hadronic channels
— Some features inspired from BTeV:
e track pr at L1 + large HLT output rate (was 200 Hz)
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VELO: Vertex Locator (around interaction point)

TT, T1, T2, T3: Tracking stations
LHCb SpeCtr Ometer RICHI-2: Ring Imaging Cherenkov detectors

ECAL, HCAL: Calorimeters

A M1-M5: Muon stations
M3
ma net =
g T3 RICH2 M];iCAL =
\\\ \\\\\\ T2
RICH1 \\\ \
k.. \\\ \\\\\\\\ \ \\ I
VELO\ 1) =
%roton S } — R 1 oto
coﬂﬂl 5 - eam
p in - / M
.............. o T
_ /,// |
/////
| | I L I -
| 5m 10m 15m 20m z
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Vertex LOcator

(J 21 stations (=42 Si disks) :

— each disk measures r or ¢
— 300 uwm thick sensors
— short strips, 40—100 um pitch
[ 2 additional disks for “pileup” system

— each measures r only

beam axis

[ Radiation hardness

— Active S1 8 mm from beam
where ~10'* n_ /em?*/y is
expected

[J Analogue readout

— Beetle chip, ~180 k channels

routing lines

Module production starting

International WE Heraeus Summer School, Dresden

O. Schneider, Sep 6-7, 2005
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Vertex LOcator

[ Si disks in secondary vacuum system
like a Roman pot

— separated from primary machine vacuum
with thin Al foil (RF shield)

(1 Complex mechanics to allow retraction
during injection

Installation planned in Nov 2005

O. Schneider, Sep 6-7, 2005
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RICH-1

[ Ring Imaging Cherenkov detector with two radiators (for particle ID):
— Aerogel, n=1.03 (2 =~ 10 GeV/c) and C,F,, gas, n=1.0014 (up to 10—~60 GeV/c)

250 - ________
A réegvée] |
200 L c Photon
. Detectors
= 150
g
< 250 ™
< 100 I .
- Aerogel Spherical
[ c asCl (5¢cm thick) Mirror
of #‘fﬁ%ﬁ - C4F10 .
: _ - i -, Beam pipe
7 ' T
L G R et
1 10 100 gl " i Tk
Momentum (GeV/c) VELQO exit window | ' ol | 75
1 ; =X C
cosO. =, - !
Bn Plane

Mirror

Reconstruct up to two
concentric rings per track
on the photon-detector Magnetic'shield box ©

lane — O,, 6 | | | o 114,
p ct» Yc2 o o - om installed in pit
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Hybrid photon detectors

(1 Novel photon detectors,
developed for LHCb RICH1 and RICH?2 systems

— ~500 tubes, with 1024 pixels each
— 2.5 x 2.5 mm? granularity — o(0)=0.6 mrad (RICH1)

Photocathod
(-20kV)

VACUUM

Si pixel array
(1024 elements)

Ceramic carrier

e i

Optical input
window

. . . o :
Tube delivery starting this summer =

Binary
electronics
chip
CERN/EP-TA2

Test beam results

aerogel ring

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Tracking system

Agn : T1 to T3 _

. i i ~ 11213 O / )
Trigger Tracker RICHI \\\ = TR -6mx 45/ |
(together with VELO, = - Outer ; |
T Tracker |

measures track p, for trigger V4 TTIEA ,
) * :’ ‘L%li (O —) © m o | |0 | :
!

===
=

—~ =

\

S

\

1:;2 4cm
~O
> ol fo
( Y
;'3 |
-
@
-
—
-
o
@
=
@)
-

—_|

157.2cm
: : low-mass Kapton Production
gog ilm S1, 183 um pitch readout cable starting
+2 layers: Lhn . N B
_ X, u, (30 cm gap), v, X D )\ = i
*Beetle readout chips
O. Schneider, Sep 6-7, 2005 50
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Magnet

(1 Warm dipole magnet
—/BdL=4Tm

— Regular field reversal planned for
systematic control of CP asymmetries

Fe yoke (1.45 kt) Al coil (2 x 251)
4.2 MW power at 1 T field

1 B field profile:

—_

<
oo

.........................................

| — Predicted

O Measured

=
n

B field on axis [T]

0.4 F

2000
1800
1600
1400
1200

(gauss)

1000
800
600

IBI

400
200
0

500
z [em]

600

700

900

VELO

(RICH-1)

0

50

150 200

z (cm)

250 300

— Design evolved: no more shield in
upstream region to measure track py
with VELO and TT at trigger level

International WE Heraeus Summer School, Dresden
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T1to T3
hi

Inner tracker

/ _

([ High track-multiplicity region
close to the beam pipe:
— Area: I'T=2%, OT=98%
— Tracks: IT=20%, OT=80%

(1 Si-strip detectors:
— arranged 1n 4 boxes/station
around beam pipe
— 4 Si planes (xuvx) per box
— 198 wm pitch, ~ 130k channels

— Beetle readout chips with
analog p1pehne (LO buffer, 4 pts)

B ,17*"...‘u~.'-‘,‘ '
| Production startlng

CgF,4 coolant
(-15°C)
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Outer tracker

[ 3 stations each made of 4 double-layers of Kapton/Al straws
glued together to form modules
— ~60% produced '

O. Schneider, Sep 6-7, 2005



RICH-2

was needed in BTeV

. A second RICH detector is needed to cover the E\Iote: only one RICHJ

low-angle region with high-momentum tracks:
— CF, gas (n=1.0005), for 16 < p < ~100 GeV/c

e oA A el 2 !
; gL o >

i 4

Seen from above

ﬁ\f‘ad//,,,///
/3/0/0// | CF4 gas
120mra/\(¥7”%”“”” -
N Beam pipe
P4 p1p
\ — Spherical mirror

Flat mirror |

~ Y Photodetector
housing

12m
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Calorimeter system

SPD/PS

(1 Pre-shower:

scintillating pads + WLS fibres + 2 X, Pb
[d Electromagnetic: Pb-scintillator Shashlik calorimeter, 25 X,
4 Hadronic: Fe-scintillator tile calorimeter, 5.6 A,

O. Schneider, Sep 6-7, 2005



Calorimeter system

1 ECAL modules:
— 0./E=10% VE ® 1% (E in GeV)

— three different segmentation — 3 types of modules

(3300 modules stacked: ~ 6 m high

— dimensions agree to specification < 1 mm

w8

I
i
i

AR O

gote: BTeV’s ECAL N

(PbWO4 crystals) had
an excellent resolution:
Op/E =1.6% NE @ 0.6@

ulile

e
L1]]

ki

O. Schneider, Sep 6-7, 2005 56



Muon system

A MWPCs used for all 5 stations except highest rate

region (inner part of M1, > 100 kHz/cm?) where triple-
GEMs are used instead

T

2ol VO | |
gy UONN | |
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In progress ...

101

tallat

1S

LHCDb

58

O. Schneider, Sep 6-7, 2005
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LHCD trigger

Visible events l 10 MHz

Hardware: | L0 trigger

custom = Fully synchronized (40 MHz)
electronics

boards = 4 us fixed latency
l 1 MHz
L1 trigger
= Partial readout: VELO, TT, LO summary
Software: || = ~1 ms (max. 50 ms)
single PC
farm with l 40 kHz
~ 1600 CPUs

High Level Trigger (HLT)
= Full detector readout (~ 40 kB/evt)

= ~10 ms

Storage l <2 kHz

Muon system:

* two highest p muons

Calorimeters:

* highest E+. clusters (hadron, e, vy, °)

* SPD multiplicity, total HCAL energy
Pileup system (2 Si disks behind VELO):
* number of tracks from 2nd interaction

* hit multiplicity

L1: find VELO tracks with large IP and
measure py (using TT or LO objects)

* Generic 2 tracks: (pr, Prp) + IP

* Single muon: p; + IP

e Dimuon: mass, mass + IP

e Photon, electron

HLT: L1 confirmation (—10 kHz)
* Exclusive selections (e.g. B,—~D h)
e Inclusive selections (u, JAp, D*, ...)

International WE Heraeus Summer School, Dresden
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LHCb common readout board (TELL1)

Pre-processor FPGA L1 buffer (58 ms, 58 kevts) 300 board
| ~ oards
being built
j thioal or
% .). a-nalog At Mha g4
Q““ﬂe 1nterfaces I et 1
S v el o _ Experiment
Font-end , el = —> gogttéﬁ}
(on-detector) . , Y
electronics fo et
clock
' Opth.al )} oy | W L1 “yesa’
analog s g R = I
interfaces o o ‘ - - T (0] © CPU
" . , _ : f,ilt:: o) >

farm

Sync & link FPGA —— “:: » I
5 kHy HLT “ves” ®
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[LHCDb at Point 8

Shielding wall Interaction point

Electronics
+ CPU farm

Access shaft Detectors can be moved

away from beam line

LHC tunnel for access
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Expected LO+L1 trigger performance

4 LO and L1 algorithms: e

— Mature Kt

— Within time budget KK

4 Flexibility in bandwidth DK

division amongst the different D'rc

trigger lines OK*

NP

d Efficiencies: )

— Determined using detailed J/ W) Ks

MC s1mu1at10n. 3/ )

— Quoted on offline-selected 3/ )k
signal events

— Typically 30%-80% for ~ /¥{urin(ry)

LO+L1 combined K

J/P(ee)Ks

iTiyin

Ky

Level-0 efficiency %

Efficiency #&

[ . L © ¢ R o
o o o O O

>

o]
o o O
| TT !

International WE Heraeus Summer School, Dresden
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HLT trigger performance (prel.)

O HLT algori thms under Efficiencies w.r.t. Offline and LOXL1 se?e.cted.signal
developmen t Channel L} Onlipe Total HLT efficiencies
' o confirm. | tracking | Excl. B wu m D* | Total

— Prototype available within time - — . . . maas 557
budget (for a limited set of el 0 ; i il ’
channels) B, — K*u'w | 98% 82% | 73% |62% [58% | T | 91%

@

— Performance still needs to be By, = hhr 94% oo S S @ o | 88%
improved (e.g. online tracking, B, — ¢y 71% 93% 61% | 9 g | & | 62%
semi-exclusive selections, ...) B, — Dh 93% % 60% % % 62%

— More channels to be included B, — D¥x 94% 58, 3% | 2| 2 (1539 55%

(1 HLT output rates: HLT rate Event type Calibration Physics

— Rough guess 200 Hz  Exclusive B candidates = Tagging B (core program)
at present ) ) )

p' 600 Hz  High mass di-muons Tracking  JAp, b—=J/1pX (unbiased)

— Split between
streams still to 300 Hz  D* candidates PID Charm (mixing & CPV)
be determined 900 Hz Inclusive b (e.g. b—w) Trigger B (data mining)

NB: ATLAS/CMS ~ 10 Hz to storage for B triggers: mostly uu and high-p; u

International WE Heraeus Summer School, Dresden
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Track finding strategy

|
|
Magnet B

RICH]1 T track _—

Upstream trac ’,/’/
RICH?2
VELO 7 Long track (forward) ,/’/
— seeds — | ) \)<’/F f
; i | I I
-

VELO track Z N Long track (matched) .\5\
Vertex TT g
Detector ] peeds

Downstream trac ~\_:\~
N N
" =
T1
12 13
Long tracks => highest quality for physics (good IP & p resolution)

Downstream tracks => needed for efficient K¢ finding (good p resolution)
Upstream tracks = lower p, worse p resolution, but useful for RICH1 pattern recognition

T tracks => useful for RICH2 pattern recognition
VELO tracks => useful for primary vertex reconstruction (good IP resolution)

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Expected tracking performance

. High multiplicity environment:

— In a bb event, ~30 charged =y
particles traverse the whole RICH1 = é/
" *
spectrometer ! VELO _ i L. -
T : [ ] =
t 5§
ﬂ T2 T3 42 =

. Full pattern recognition implemented:

— Track finding efficiency > 95% for long
tracks from B decays
(only 4% ghosts for pT > 0.5 GeV/c)

10 mm

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Expected tracking performance

Impact parameter Momentum B,—D,x proper time
resolution . resolution resolution
r <1t 8(1)_
160 o : ~ 0 I - o, = 33%1 fs (69%)
i OIP 3 O Mm +ﬁ:§ 0.6F Ap/p 0.4 /0 I Ot 40 fS t P
140[} 4+ : I o, +3 fs
= 120} gl 0.5F e 600
= B ,-9"’: —_ r +—0— |
= 100} 4:#++ X 04F " .
g N - 2 [* .o L
% SOEE :.:_._,o-’ 2 03 _ 400
§ 60[E ":6:‘- L
200> 0.1F 200/~
O[\\\\ O||||||| r
3 B decay tracks 800: B decay tracks 0_ ST
750 | 600 300 200 -100 O 100 200 300
500 400 trec- Lgue [ES]
20t 200} [ Compare LHCb with:
O I U U E NI R S S R [ T T L 1 l
0 05 1 15 2 25 3 35 4 %0 20 40 60 80 100 120 14C — CMS: ~70 fs
Upy [GeVie]™ PrlGeV/c] — ATLAS: 100 fs (was 70 fs)

— CDF: 100 fs
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Particle ID performance

(d RICH1 and RICH2 full pattern recognition: 00 |- (a) B—> nm decay

— Look for rings around tracks found in tracking

(1 Good K-t separation expected
in 2—100 GeV/c range

0 50 100 150 200

(b) tagging kaons

Number of tracks
(=]

40
LHCDb full simulation 20 L
10003 R evee®ore, . ',.... Oi;lllléllllliﬁl‘llll5lll‘20
...... o i iy ,,#h ++ N ++++++ } W Momentum (GeV/c)
= ° — ++++ + 20 . {.','.‘:' '.I-“ ':-” e ;
803 .. *u{» | e "-.. l.":.": -"I. .l_;- ;I ‘.'; b f‘l.' '
i i ' u‘.‘lul" "o ‘Iﬁ ' '
s g g W
N—" ' :':;':t“fg‘“'l”:l i l:"% ¢
> 600F | "‘:"\‘I"';"{;,ﬁ '?53?"1' A%
g Kaon ID: ~88% ®) : T
S o 10
= 4ok Pion mis-ID: 3% & L M ¥ -
e I zb K @a\}i.@'l'f. ¥, 5,'. i e T
X r’i't'irc By - '..
200 .H ok iy 1 i
' m—K +++*$++ 1 el N A ey
[ s 0 r';.'.fk-*?"““7-“'.'1"".*'-'"‘-'-““"“'."r"‘
o E\ﬁ”d!muﬂ‘-‘maﬂq’ " oy B ASTIM T TR PN L At
Wﬁnﬂ '*l"'ﬁ";"-'.- g o |t s e
OE] L P I SR S R T T S 1 TR I R R PTPIL L L | T 1 | I:J | | | ) | | L 9+ 1 11
ool 2000 4000 6000 8001 1000 2 10 100
Momentum (GeV/c) Momentum (GeV/c)
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Flavour tagging

eD2=¢(1-2w)2 in %

Tag LHCb CMS ATLAS
Muon 1.0 0.7 0.7
Electron 0.4 0.5 0.3
Kaon 2.4 - -

Jet/vertex 1.0 2.3 1.6
Same side 2.1 2.2 2.1

d LHCb: / i
— Most powerful tag is opposite kaon (from b—c—1) °0 10 20 30 40 50 &
— Combined eD? ~ 6% (BS) or~49% (BO) Impact parameter significance
— Recent neural network approach leads to ~9% for By S st
(not used here) N;; N +++++++
3 Compare with: S t +++++
— CDF/DO achieved 1% (expect ~3% for B, in Run IIb) K M,
— B factories achieved ~ 30% (coherent BB pair, no extra tracks) s ? t44
O—% 4 6 ® 10 12 14 16

IP/O'IP -cut
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Am, sensitivity

ld Measurement of Am, is one of the first LHCb physics goals
— Expect 80k B, = D, "nt* events per year (2 tb™'), average o, ~ 40 fs
— S/B ~ 3 (derived from 107 fully simulated inclusive bb events)

Perfect reconstructionc
+ flavour tagging]

1000 |
O

+ background

800 |
I + aCCCptanCC

600 | Distribution of unmixed
sample after 1 year (2 fb™!)

assuming Am_ = 20 ps’!

W

Events

400 |

200 |

Proper time (ps)

<
@

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

m At/At =1.0=+0.1

simulated

50 observation of
B, oscillations
for Am, < 68 ps-1

.......................................................................

120
Amg [ps ]
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¢, and AL, from B, —J/1po,

1 B, —=J/p¢ is the B, counterpart of B'—=J/p K:
— Allows the measurement of the B, mixing phase ¢,

— SM prediction is very small: ¢, = —arg(V 2)=—2Mn? ~ -0.04
=> sensitive probe for new physws

d JAp¢ final state contains two vectors
— mixture of CP-even and CP-odd components:
— Angular analysis needed to separate them:

L(t,0,)=(1-Rp L.~ (1+cos20,)/2 + R L_,4(t) (1-cos?0,,)

EWEV

— Fit for sin(¢,), AI', and Ry (needs knowledge of Am,) I.E(/

(J LHCb sensitivity:
— 120k signal events per year (before tagging), S/B,, > 3
— If Am =20 ps!: o, (sin ¢,) ~0.058, o (AT J/T,) ~0.018
— Eventually, improve by adding also pure CP modes such as J/pn, J/yn’, n.¢
— For JAp¢, similar sensitivity expected at ATLAS/CMS with 20 tb~! (SM Am,)
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y from B, = D K

d Two tree decays, B, — D, K* and B, — DK,
which interfere via B, mixing:

— can determine ¢, + 7y, hence y in a very clean way

— similar to 2f+y extraction with B — D™r, but with the advantage that the two
decay amplitudes are similar (~A’) and that their ratio can be extracted from data

- 0, =14 MeV/c? « DK
2000 D, n
[ # B, — D7+ background
Exoect S400 sional 1500l ‘ (with ~ 12 x lgrger BR)
pec Signa i ST T S s suppressed using PID:

— residual contamination
only ~ 10%

events/year \@
10

S/B,, > 1 at 90% CL.

(estimated from one 5001
MC bb events after cuts, i
- not shown here) o d

53 535 54 545 55
B, mass [GeV/c ]
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y from B, = D K

1 Fit of the 4 tagged time-dependent rates:

— Extract ¢, + vy, strong phase
difference A, amplitude ratio

Both D K asymmetries (after 5 year, Am = 20 ps!)

o 0.5
— B,— Dy also used in the fit ' ‘ ‘ ‘
to constrain other parameters & 0.25 ¢ Hol | |
(mistag rate, Am, AT ...) S o L 1 /1 * ‘ | |
< ' i)
N 0o | AL H} |
J O(Y) ~ 14" In one year 05 D K+. 1nfo on A+ (y+0d)
. . _1 0. 1 I I L T
(if Am, =20 ps™') —~ 05
— expected to be statistically il ; ‘ ‘ ‘
limited a"02s il |y | H }
— 8-fold ambiguity can % o DM | } |
be resolved (— 2-fold) < HIIN | Tt Tt } |
if AL’ large enough, or -0.25 [
using BY — Dt together with il L +K '.l.n.f.(J(.’r.’.A. (Y +0,) H N
U-spin symmetry (Fleischer) O 05 1 1s 2 25 3 35 4
t [ps]
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y from BY — DVK™*?

[ Theoretically clean determination of y:

— Dunietz variant of Gronau-Wyler method

— Similar to B* — DPK*, but here two
colour-suppressed diagrams

with 1A, 1/l A,l ~ 0.4

A

| =

A

A, = A(B® — DYK*0): b—c transition, phase 0
A, = A(B? — DYK*9): b—u transition, phase A+y

A, =V2 A(B® — DpK*0) = A +A,, because D p=(D°+D%)//2

(1 Measure 6 decay rates (self-tagged + time-integrated):

— Expectations for 2 fb~! (y=65°, A=0)

Mode (+ cc) Yield
BO — DO (K*7-) K* 3400
B0 — DO (K-rt+) K*O 500
B? — DO, (K*K-) K*0 600

S/By,
>3.3
>0.6
> 0.7

— o(y) ~ 8°
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»—>h"h™ modes

1 Clean separation of different B —hh modes:
a unique feature of LHCD at hadron colliders

Events / 20 MeV/c?

g
8

]
8

g
]

8
8

2000

1750 |

1500

1250 |

1000

750

LHCb full surnulatlon

No RICH

| M B_— KK
I By — =K
[ W B, —» 1K
i-Bdamt

Ap — pK
:_-Abap:t

U

2

%7000 -B — N
b = r OB, —»mK

gsooo FEB, >k

- rlMe, kK

5000

n A, —»pk

: L

9 1000 _—-Abﬂpn

m L

3000 |
2000 |

1000 [

o E
2250 [ ' 0 o1

With RICH
B, - KK
& | By —» 7K
I W B, > 1K
. M B, >nn
| Ay — pK
r A, —>prn

5 505 5.1 515 5.2 5.25 53 535 54 5.45 55
Invariant mass | GeV/c? ]

e, >
2000 [
tde, —» 7K
1750 |
1500 |
1260 |
1000 |
750 |
500 [

250 |

No RICH

With RICH ]

o b 1
5 505 51 5.15 52 5.25 5.3 5.35 5.4 545 5.5
Invariant mass [ GeV/c

2]

Events per 15.8 [Mev/c?l

ATLAS simulation

@ B hhh| | B2 A,

== BComb. [ B,
[ 1 Comb. Other B,

4000 — .
é% Signal

2000 %L

m(n'n) [GeV/c?]

CDF Run 2 Preliminary, L= 1EO pb

LLARAE AL RAARE LERLE RLALE RLLLE AL TTTTTTTTTT]

[
[
w

175 |

-
o
Qo

-
[
w

100 |
75 F
sa |

25

49 5 51 52 53 54 55 58 57 55
i Mass [GeV /¢’
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y from B'—m*n~ and B,—K*K-

([ For each mode, measure time-dependent CP asymmetry:
A (t)=A, cos(Amt)+ A . sin(Amt)

— A, and A ., depend on mixing phase,
angle y, and ratio of penguin to tree
amplitudes = d e

[ Exploit U-spin symmetry (Fleischer):

— Assume d_ =d, and 0_ =0,

—

o urbitrury units
=
Lih

—
o8]

BY — mie
— 4 measurements and 3 unknowns "'\ (95% CL)
(taking mixing phases from other modes) 5L
— can solve for vy d |
0.6
[ Expectations (one year): : B, — K*K-
— 26k BO—mtm- ) M /A (95% CL)
__ 37k BSQK+K— —> O'(Y) ~35 o2 | /.,.- T B
0 r ------ T i A ___,.:.::\:.%:-"—;-— s | |
* Uncertainty from U-spin assumption 0 2040 50 8000 120 lf:,nf dlﬁg{:fo be,‘f,}, o
* Sensitive to new physics in penguins v (°)
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Neutral reconstruction

a0

(d Neutral it reconstruction:
— Use calorimeter clusters unassociated
to charged tracks

— Reconstruct w° as two separate (resolved)
clusters or a single merged cluster
(using cluster shape)

— B? — s*m~n® Dalitz plot analysis:

Efficiency (%)

¢ Reasonable efficiency for i’
e 14k signal evts/year, S/B ~ 1.3, o(a) ~ 10°

d K —m*n reconstruction

2250}

— 75% efficiency for decay in the VELO, : Recent study f
lower otherwise s of 1 — w0

e 240k B® — JpKy per year, 0, (sin(2p)) ~ 0.02 i

(1 Modes with multiple neutrals will be

2504

challenging at LHCb

1 PP | 1 1
0.350 0.401 0.4501 0.500 0.5501 0.601 0.6:

pr (%) (GeVi/c)

|
G(mn) =
12 MeV/c?

: (resolved)

3
3
3
3

atn -’ mass (GeV)
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o. from BY — wtt—nt

(1 Time-dependent Dalitz plot analysis of o
B — pmt — st for extraction of a
a along with amplitudes + strong phases au
(Snyder & Quinn)

(J LHCb expectation:
— Annual yield ~ 14k events, S/B ~ 1.3 40

— Complicated 11-parameter fit, studied with toy a2
(incl. resonant and non-resonant background) 30

— Statistical precision of o(a) ~ 10° 50
achievable in one year

— Systematic uncertainties under study,

10

e.g. from mirror solutions obr i Lo Al Ly
0 50 100 150

o (degrees)

“ ‘;_j‘: \ &
7Ly
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sin 23 with B'—=J/p Kq

1 Measurement of sin 23 with B'—=J/ Kq:

— not a central physics goal of LHCb (since so well measured already)

— but important check of CP analyses

— can also push further the search for
direct CP violating term « cos(Am,t)

Ap(t) (background subtracted)

— very large statistics expected: B
~240k signal events per year °'2:_

= O, (sin(2p3)) ~ 0.02 .
— similar sensitivity expected at B
ALTAS/CMS for 30 fb! A 02
CP B
-0.4_—
B? mass resolution (MeV/c?) :
LHCb ~ CMS  ATLAS o
10 16 19 0.8

o

Proper time (ps)
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B — K*OM+M—

(1 Suppressed decay, SM BR ~ 10-°

(d Forward-backward asymmetry in the
uu rest-frame Agg(s) 1s sensitive probe
of new physics:

— Zero can be predicted with no hadronic
uncertainties, depends only on the Wilson
coetticients C,, C,

App(8)
arI :4_ ‘\K
o - d LHCb:

J ATLAS:

Doy Ly aa b byva s b by vaa leaaa bl
4] 1) .2 .3 .4 [ 411 ar .3

S = (m,,/mg)?

0.4

SUSY O C -0, 0 =00

-'-—E.‘US'YL[C'_J{D] 7
X ;
B SUSY 1L 1T,
SUSY L 1L IT, 700 ]
a 2 1 < 2

s =(m,,)* [GeV?]

— 4400 events/year, S/B > 0.4

— Ap(S) reconstructed using toy MC
(two years of data, background subtracted)
— zero point located to +0.04

— 2000 events, S/B =7, for 30 fb—1
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B, = uru”

[ Very rare decay:
— BR =3.5 x 10~ in Standard Model

— Sensitive to new physics, can be strongly enhanced in SUSY
— Current limit from Tevatron (CDF+D0): 1.5 x 107 at 95% CL

1 At LHC, prospect for significant measurement, even for SM value
— LHCb:
» expect 17 selected signal events/year for SM BR

e problem to estimate the background: no event selected from full MC background
sample, only corresponding to S/VB > 2

— ATLAS/CMS:
* Yields from 100 fb-! )\ B, = uwtuw~ B, = u*u~ Background

1 t 1034 —2¢-1
(I yearat 10°% ems ATLAS 92 14 660
* Background estimates

(from 1999) differ significantly ~ ©M5S 26 4 <6

— 2005 ATLAS update for 30 fb!:
* 9 signal with 45+30 background, or 21 signal with <60 background
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A Super B factory ?

B - 3p:A

Mt. Tsukuba

O. Schneider, Sep 6-7, 2005
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Success of current B factories

J Asymmetric B factories and experiments
(KEKB/Belle at KEK, PEPII/BABAR at SLAC):
— In operation since 1999
— Both exceeded their design performance (plots and numbers from KEKB/Belle)

Offtine+Online Luminosity (pb™) (/day) 2005/07/04 07
Bl or resoRance, I effresorance, 1  emrergyscan
- . . & 0T . .
i 14 - Peak luminosity f . _Daily integrated
T “;% o - 1UMINOSILY 1b-
g 10 design — g -
g 8 Foer(10¥omrdsel) I
s E o owe . I
2 % S F
& 4 r
© xfgz_ul
.1 — ol date, —  OR FESORORCE, —  off resonance, SREFEY SCAR
0 i . . - Accumulated /
2000 2002 2004 gm0 L1 . ‘s 400fh-1— ,
Year 2 - luminosit TUULD //
0 2 S soe0 [
e World record of peak luminosity LI Vad
~1.5x10%*cm2s! | ¢
. § oo | ﬁj/
~500M BB and ~400M Tt pairs : S
T I I —r——T— 7T T 1 |
d d 45811999 12/13/2000 73172002 31772004 11/2/2005
recorac Belle log total : 468784 pb™ Date
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Success of current B factories

(d About 300 papers in the last 5 years from BABAR and Belle

— B, charm, charmonium, yy and T physics

[ Scientific achievements:

— Observation of CP violation in B decays (B — J/p KJ),
for the first time outside K system

— Quantitative tests (and confirmation) of CKM picture
— Hints for new physics:
e BY — ¢K, ? polarization in B—=VV ? A ,(B — Km) ?
— Discovery of unexpected resonances
e X(3872) DD molecule ? Y(3940) ccg hybrid ?
— Other “first” observations:
* b—d transitions: B=>(p,w)y and B>KK
e Color suppressed hadronic B decays: B=>nn’ and B=>Dx® decays
e Direct CP violation: B->K*n~ and time-dependent analysis of B2>mtm-
e EW penguin process, b—sl 1 -
 Non-spectator B decays: B'=>D_*K~

7 International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005
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Hints for new physics in b—s ?

CPV(tree) ~ CPV(penguin)
in SM

@l{n | ! | f | & i
K —
KsKsKs { - u
K‘bﬂ:“ - _l |
mks I = I
fyKs I . I
K'K'Ks —_— '
Average o
h—s penguin , ﬂ
(WA2004) /
) | | | L
0 u.y 0.4 0.6 0, I
penguin tree

p*p’ (Belle)

p’K™ (BaBar)

p K" (Belle)

p*K® (BaBar)

oK' (Belle)

oK' (BaBar)

f B—>VV)~1

in SM

—— e

tree

penguin

R L

~04 06 08

Ap(B—K ) is equal
for B* and BY
K'n (Belle) e
K'n (BaBar)| +—e—
K'n (Ave) I—HBO
Bi
K*'n® (Belle) e
K*z" (BaBar) RGN
K'n" (Ave) —e—
R R X Y
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The famous roadmap slide

Identification of SUSY
Anomalous breaking mechanism
CPV in b—sss
SIS, & =, i A NP=SUSY
Vi VepD =8, Study of NP effect
b —sll, new states ... in B and t decays o‘é\\%
o

Precise test of SM 60& 66\0
TcC1S€ 1eSt O \ XS
R and search for NP \x&@%@
A .\0
7T N

Discovery of CPV \\ NP discovered i‘kgglfarl?;n

in B décays at LHC (20107) June 2005

Now (probably not

400 fb!

the original !)

Success of present B factories

+ few interesting hints in present data

+ faith that SM cannot be the final theory
“(and that NP can show up in B decays)

Propose a B factory with >50 times current
= luminosity to provide definite answers on NP
effects in heavy flavor sector
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Status of Super-B proposals

(J Both BABAR and Belle communities have proposed major
upgrade plans at SLAC and KEK

J Super-BABAR:

— “The discovery potential of a Super B factory”, SLAC-R-709, Dec 2004

— Proposal does not seem to fit in the current plans at SLAC nor in the
current priorities of the US high-energy physics program

— PEPII program now scheduled to be terminated in 2008

[ Super-Belle:

— Letter of intent for KEK Super B factory, KEK report 2004-4
— Proposal being evaluated: KEK lab decision expected towards end 2006
— If positive, possible government funding not expected before 2008

J In short, we will have: Upgrade existing machine and

either no Super B factory, or onVv detector, stay at Y(4S), aim for
(joint) Super B factory at KEK 5x10° BB and 4x10° Tt per year
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KEKB luminosity and schedule

Lok (cms™) 1.5x 103 KEKB  5x 10%*  SuperKEKB 4 x 10%
—— ———
L. . (ab'=1000 fb-!) 0.47 1 10
L _

-
=]

8 IIIIIIIIIIIIII{IIII‘IIIIIIIIIIIIII]IIII‘IIIIIIIII

450 /fb/mo.

|

1 Latest best-case scenario:

o

— Two-year shutdown in 2009
— Super KEKB starts in 2011
— Accumulate 50 ab~! until ~2020

o0

~

o

Integrated Luminosity (/ab)
(3]

|EIIJ|IIII\IIII\LllllllllllllllllllI‘llll

4 14 months -
5 Crab cavity shutdown -7
2 44 /fb/mo
We are here 52 /fb/mo.

1 * .

1 L} ! | i g 1 I 1 1 1 bl 1 1 | 1 1 1 | 1 1 | | 1 1 1 :

29 2002 2004 2006 2008 2010 2012 2014
Year
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Super KEKB parameters

Stored current: (e-/et) Beam-beam parameter:
1.34/1.8 A (KEKB) 0.057 (KEKB)
— 4.1/9.4 A (SuperKEKB) — 0.19 (SuperKEKB)

Lorentz factor \ /

Y+ ( +0';\Ii§iy Ry

/ 2er,\ Ox) By \Ry ) ocmonomn
Classical electron radius  Beam size ratio \ angle and hour.glass effect
Luminosity: Vertical B at the IP:

0.15 x 10%° cm?s™! (KEKB) 6.2/6.5 mm (KEKB)

4% 10%° cm2s™! (SuperKEKB) — 3.0/3.0 mm (SuperKEKB)
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KEKB components to be upgraded

superBelle | Interaction Region

T Crab crossing

Crab cavities 0=30 mrad
New focusing quadrupoles
New beam pipe ﬁy*=3mm

& bellows

More current
= more RF power

More current
=> new beam pipe
with ante-chamber

Energy exchange

C-band | ’-«b\ Damping ring | ¢* damping ring
‘- —

(for low emittance)

Positron source

Linac upgrade
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Crab cavity and ante-chamber

RF deflector
» . . (crab cavity)
(1 “Crab crossing” scheme: ok
S . .. _ \N\ e/ec,ro o0 M
— superconducting crab cavities Kick \%A Qj%\/

under development

— will be installed in KEBK
early in 2006

crossing angle

head-on collision

T~

d Beam pipe:
— Need to prevent instabilities due to
photoelectrons induced by

synchrotron radiation hitting the
vacuum chamber (electron cloud)

NEG Channel

e simulation

Ante-chamber
with solenoid field

Beam
SR ’ -
& o.5mT [Beam Channel] [SR Channel] Cooling Channel
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Requirements to the Belle detector

[ Higher rates:
— 20 times the machine background
e Radiation damage and occupancy
e Fake hits and noise in the EM
— 10 times the physics rate
e Trigger, DAQ, computing

J Wanted:

— Same overall detector performance:

e Tracking, calorimetry, ...
— Improved PID:

e K/m separation
— Hermetic detector

e ‘“vreconstruction”

ExpMC 2 Exp 25 Run 1886 Event
Eher 8.00 Eler 350 Date 1031120 Time 90351

BELLE TrglD D DetVer 1 MoglD 21 BField 1.50 DspVer 7.50
Ptot(ch) 0.0 Etot(gm) 0.0 SVD-M 0 CDC-M 2KLM-M O

¥
10cm
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Belle upgrade

SC solenoid

1.5T N

WK, detection

14/15 layers RP

— scintillator tile

ter gas

aller cell size’

O. Schneider, Sep 6-7, 2005
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New particle ID device “TOP”

[ Cherenkov ring imaging using arrival timing of photons

y

N : -
Linear-array type z X T IA

photon detector

Side view of crystal _
charged particle
QC cherenkowangle K
crystal / /
o
9z T
backward-going < I_ >

—————> z-component of unit velocity

— Internal reflection of Cherenkov light in a quartz bar

— Difference of photon path length (emitted by K or ) implies difference
in “time of propagation” (TOP), to be added to TOF from IP
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Precision test of CKM scheme (~2020)

o , (o(lvubl)/vub=4.4%
1 Precisions expected with 50 ab~! at o(y) = 1.5°
SuperB + lattice QCD improvements: < o(a) =0.9°
o(sin2) =0.014
VP o(Am,) = 0.002 ps~!
' (0(fzVBp) = 16 MeV

ATk 1 ...or incase Bl .
_ / S X | of a discrepancy
= o ' - between tree-level | e o
(Ve V| and b—d mixing |
Result processes: T | Vvl =neey
with - _
0.3fb-! | :
ak _ ) _
L i |
I I I 2

P

O. Schneider, Sep 6-7, 2005

94



Sensitivity to new CP phase in b—sss penguins

(1 Expected total uncertainties on
CP asymmetry coefficients
with respect to B'—=JAp K,
with 50 ab~!:

Effect of SUSY phase Oy
on sin2f in B—>¢Kg decay

effective

Mode O(AA ;) O(AA,,)
B0 — ¢K¢ 0.031 0.024
B? — K*K-Ky  0.026 0.020
B? — 1K 0.024 0.019

[ 35 Discovery Region

0.2

eSUSY
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Sensitivity to new flavour mixing (K'171°)

d Forward-backward asymmetry with B’— K17

) Belle, 2005
_ Real data (0.35 ab"). .e. e " Sensitivity at Super KEKB (50 ab!)
<E0.8: | I—'—'—'—l-i-'—'-l-H.I lEE ||| s e

2
0.6 E E E :_ [ SuperB FSIM B—K'I'l at 50 ab™ i
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“B meson beam” technique

=
b

[ Full reconstruction of one B (“tagging” B):

— backgrounds greatly reduced

— 4-momentum and flavour of other
B determined; can look for difficult decay

1 Efficiency:
— 0.2%-0.3% (0.1-0.2%) for charged (neutral) B

[ Application:
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SuperB 1s also a T-charm factory

(1 Charm physics
— DY mixing
— CP violation in D decays

Expected sensmvmes W|th 10,000/fb (Super -B)

— Charmonium, ...
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The unique contribution of K—mvv

d K—mvv modes are as “golden” as B(’%J/lpKS (for theorists only):

— Box and Z penguin, dominated by top W
— No long-distance or high-order EW corrections X ) \\—-—/ t

— Hadronic matrix element can be extracted from : ‘
measurement of K*—mletv W

— Eventually, very small theory error on SM BR: /\ /\ ; {
o +1-2% for KO — nivv

e +7% K* — swtvv (due to charm in loop), could come down to +2% with NNLO calculatlon

[ Accurate measurements of both BRs can be used to cleanly determine UT

— Independent of B decay measurements
— Can get “sin(2p)” to £0.05 with 6(BR)/BR=10%

(1 Very rare decays, SM BR of order 10-1°

— Sensitive to NP
.. but very challenging experimentally !!!

(0,0} (l,ﬂi

International WE Heraeus Summer School, Dresden O. Schneider, Sep 6-7, 2005 99




Kt — wtvv at E787/E949 (BNL AGS)

ended prematurely after

. E787 (run —=1998) + E949 upgrade (run in 2002) 54 proposed exposure

1 (5.9+1.8)x 10!? charged kaons stopped in scintillating fiber target

— Identify incident kaon by Cherenkov, tracking and dE/dx

— Identify charged pion by momentum, energy and range measurements
+ subsequent decay of pion at rest (m—u—e)

— Veto any other activity (e.g. photons in calorimeter from K+ — w*n?)
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B L — s
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Endcap ]

Collar W If
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Kt — wtvv at E787/E949 (BNL AGS)

J E787+E949 observed 2+1 events:
— 0.14+0.30 estimated background events (mainly from K+ —m*r°)
— BR(K* —= wtt vv) =(1.47+1.30-0.89)x 1010 (PRL 93, 031801 (2004))
— Consistent with SM (0.78 + 0.12) x10-1Y (Buras et al, hep-ph/0405132)
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K% — n%vv at E391a (KEK PS)

Csl calorimeter

1 First dedicated experiment to search for K%, — ntvv
— K, decays in flight (from pencil beam)
— Detect 2 photons
— Reconstruct t’—yy decay point assuming it mass
— Require missing p; and 7° decay point in fiducial volume

~5 "\ d Run periods: Feb—Jul 2004, Feb—Apr 2005, fall 2005
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K% — n%vv at E391a (KEK PS)

[ Preliminary result from 1 week of data

— only 10% of nominal acceptance (due to
severe background problem, now fixed)

— BR(K®, — V) < 2.86 x10-7 at 90% CL

e Previous limit was 5.9 x10-7
from KTeV using ¥ —eey

(1 Goal with 2005 run is 10~ sensitivity

— SM BR =(3.0 £0.6) x10-!!
(Buras et al, hep-ph/0405132)

- RGY i RG2 ! Re3
o
[ 15 evts : + 109 evts
ol b, (MC:Oevts), . |

200 250 300 350 400 450  S500 550 600
z of ¥ decay point (cm)

J E391a is a pilot experiment for a more ambitious project
(better than 10~13 sensitivity) to be proposed at JPARC

— Plan to submit proposal by end of 2005
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JPARC = Japan Proton Accelerator

J P ARC Research Complex

(JAERI-KEK joint facility)

[ Construction:
— Budget started 1n 2001
— Particle physics facilities planned to be ready in 2008

([ Letters of intent for .
“day 1”7 experiments 4 ., JPARC’s 50 GeV synchrotron (June 1, 2005)

i

at 50 GeV synchrotron:
— K* —= wttvv
* Decay at rest technique
ala E787/E949
* > 50 SM signal events
* o(BR)/BR =20%
— K9 — n%v
e Upgrade of KEK E391a
experiment
* > 100 SM signal events
* oMM =5%




NA48/3 proposal (CERN SPS)

(1 Lol Oct 2004, proposal June 2005 for measuring BR(K* — 7t vv)
— Use 400 GeV/c proton beam from CERN SPS
— K* decays in flight

J Goal:

— observe 80 signal events (if BR at SM level) with S/B=10 in 2 years
— 10% measurement of [Vl

. Schedule:

— 2006-2008: construction + installation
— 2009-2010: data taking

[ Longer terms ideas for K physics programme at CERN if more
protons can be obtained from SPS:
— NA48/4: K% — nlete, mutu-
— NA48/5: K% — nlvv
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NA48/3 detector layout
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Unitarity triangle from K — stvv 1in 2012

68% and 95% CL contours

= 2=
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Summary

(1 Coming soon:

— Charm factories:
e Key contribution to help reducing uncertainties on y extraction and LQCD predictions

— Tevatron:
 Potential to exclude SM range for Am,
— LHC(b):
e Am well beyond SM level and B mixing phase up to SM level () ¢
e B, — uuup to SM level B

e Exclusive b — sy, b — sl*l~

e Many measurements of y (and o) with ~ 10° precision in 107 sec

(1 And, further down the line, pending approval:
— Super B:
* b—s penguins
e Inclusive b = sy,b —=sl*l", b —= dy, b —= dI*I~
° a,f,yto~1° precision (in 2020)
e Lepton flavour violation with T decays

— Experiments at JPARC+ CERN:
e Ultimate measurement in K sector: K—mvv up to SM level
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Conclusion

SM CKM picture of CP violation and FCNC processes still OK so far
New physics effects will be chased in future experiments in hadronic flavour physics
and CP violation:

— A few superb b—s observables with high sensitivity to NP will become accessible at
LHC

— The proposed SuperB can do many precision measurements with B®, B+, D and t decays

.

— The proposed kaon experiments have the potential to test the SM as much as done now
with B mesons

Vv experiments,
3 This will surely contribute ILC V2 g,~2, u—ey, ...
significantly to the overall

effort to find physics beyond the SM

Quark sector

LHCb, Super B,
K experiments
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