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Flavour Physics

e Flavour physics will let us see beyond the energy frontier, be it through a
desert...
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e The question - as | understand it - is: What can be done after 20147 and: What
needs to be done in 2014 and beyond?
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Strategy for this talk

e The question - as | understand it - is: What can be done after 20147 and: What
needs to be done in 2014 and beyond?

e So much is clear: Flavour Physics will measure coupling constants and phases
where “New Physics” and “old physics” interact. We’ll see beyond the energy
frontier. It will provide essential input to model building.

e Because we expect nothing less than a revolution from the LHC, it is
impossible to know the specific measurements that will be the most important
in 2014.

e To provide specific examples, we’ll look at “Hot Topics in CKM/CPV now?”,
make an educated guess where they could be in 2014, and evaluate whether a
significant increase in statistical precision is likely to have high impact.
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¢ Increasing precision pays off as long as it significantly increases our
understanding of physics.
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¢ [ncreasing precision pays off as long as it significantly increases our
understanding of physics.

e There are two scenarios when we might argue that we have reached
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How Precise is Precise enough?

¢ [ncreasing precision pays off as long as it significantly increases our
understanding of physics.

® There are two scenarios when we might argue that we have reached
sufficient experimental precision:

¢ \\We have seen New Physics, fully understand the theory
underlying it, and have measured all its fundamental parameters.

e When precision is limited by the precision of theory calculations. ¢
Improving fast through faster computers and cleverer algorithms. m

¢ \We need to identify theoretically clean measurements with high
sensitivity and discriminating power for New Physics models.
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How Precise is Precise enough

e Estimated Lattice QCD precision on important flavour physics parameters
(made 2006 - up-to-date numbers in Jonathan’s talk):

Elaﬁ 6 2010 2014
40 TFlop Yr | 1 PFlop Yr
B, 11% 4% 2%
fas VB 13% 4% 2%
g 5% 2.5% 1.5%
Vub excl. 11% 5% 3%
Vcb-excl. 4% 1.5% 1%

V. Lubicz, Super-B IV Workshop (2006)
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Current Flavour Experiments

e BaBar & BELLE: ca 1.5 ab™", 1.2M BB pairs. Far, far beyond anybody’s dreams in
1999. Flagship measurement: sin(2) - but achieved much more than that.

e CDF/DO0: Not dedicated flavour experiments, yet a very successful ones.
Flagship measurement: Bs mixing. Analysed only a fraction of their final data set.

e Charm: All of the above produce more charm than B - and together discovered
charm mixing at 9 sigma.

e CLEO-c: Charm at threshold - D mesons with “special properties” - provides
Irreplaceable input to precision B physics, D mixing, decay constants, ...

e Kaons: NA48, KTeV, KLOE ... : g, €', unitarity tests (|[Vus|) at sub-per-mil level, rare
decays.
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Data taking periods of future Flavour Experiments
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LHCb

LHCb-Upgra
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Data taking periods of future Flavour Experiments

LHCb-Upgrade 100 fo" (+ better trigger:

IR N N N 10-20 LHCD)
Super-KEKB 50 ab-1 (30 x B-fact)

3-year shutdown

80 ab™" (50 x B-fact)

BES-III 128M P(3770)—DD (25 x CLEO-c)

Koto 2 (JPARC) 100 KO—=mPvv

100 K*—=11twv
Z=50 x NA48

Project X ? (Fermilab)
I I I I I I |
o9 10 11 12 13 14 15 16 17 18 19 20

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 10



Super Flavour Factory / LHCb upgrade on one slide

e SFF: Based on the same principles as B-factories (e+ e- colliders), but much higher
luminosity (~30-50 times combined BaBar+BELLE luminosity)

e Strengths: Clean environment, good at neutrals.

e \Weaknesses: Fewer B mesons than LHCb upgrade. Only Bq, B* when running a Y(4S).
Could run at Y(5S) to get Bs, but: smaller x- section, and insufficient time-resolution to resolve fast Bs oscillations.

e | HCb-upgrade: Uses, like LHCb, large b-x section at LHC. Higher luminosity (x10) and
improved trigger (x2 efficiency for hadronic modes).

e Strength: Enormous event yields, b-hadrons of all types (Bq, Bs, Bc, baryons, etc).
Excellent time resolution.

¢ \Weaknesses: More background, no beam-constraints, not good at neutrals.
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Numbers & Assumptions

e 2014: Precision will be dominated by LHCb (except for modes that LHCb
cannot do). Assume 10fb~" of data by 2014.

e 2020:

e | HCb-Upgrade: 10xLHCb for modes with leptons, 20xLHCb for hadronic
modes. Statistics only.

e Super Flavour Factory: Based on SuperB CDR for 75 ab™' (50x combined
current B-factory). This in turn is based on scaling BaBar & BELLE numbers.
Considers systematics, but usually assumes that they can be improved in
line with statistics.
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CKM matrix

y C t
1 A \3e— 0
—\ 1 A2
Me 1 —)\? 1

d where A=0.22
S b structure of the quark mixing matrix
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CKM matrix

U C {
u .
a 1 A NP
2
Vokm= S —A 1 A
o Ne 1 —)\? 1
d where A=0.22
S b structure of the quark mixing matrix

e CKM Mixing matrix has striking structure - allowed, but not explained by
SM. “Like the Rydberg series of the H atom”

e Only thing that SM says about CKM matrix: It is unitary.
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CKM matrix and CP violation. 13

e Only thing that SM says about CKM matrix: It is unitary.

V; d Vctl V;:l Vud Vus Vub 1
VIv=| Vi, VE Vi || Vea Ves Va | =] 0
0

Vo Vo Vi Via Vis Vi

o = O
—_ O O
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CKM matrix

U C {
u .
a 1 A NP
2
Vokm= S —A 1 A
o Ne 1 —)\? 1
d where A=0.22
S b structure of the quark mixing matrix

e CKM Mixing matrix has striking structure - allowed, but not explained by
SM. “Like the Rydberg series of the H atom”

e Only thing that SM says about CKM matrix: It is unitary.

ijvud + V;;)Vcd + V{Z‘/;gd =0
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Unitarity Triangle

ratio of Bq, Bs mixing

(semi) leptonic B

CP Violation
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Current constraints on the apex of the UT now

= o)
1_.
0.5
: vub
I vcb
0 —
-0.5[
-1
-l L l Ll A 1 l 1 L L 1 ' L 1 L l L 1 L) l L L
-1 0.5 0 0.5 1

p

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 15



Now & Next

e Now: CKM picture of quark mixing
and CPV in the Standard Model

impressively confirmed at a precision ‘5||\{||

eachuded area has CL > 095 :
.

of ~10%.

1.0 [~

Illllllll

e Next: Exploit CKM relationships to s
compare new-physics sensitive loop e
processes with SM-dominated tree T Y —
processes. Hope for mis-matches. - .-
* Higher precision will directly translate
. . . -1.01~ . 7
into increased New Physics reach (see - em iimleonieo
Gino’s talk). L i 1 R
Y T T et ——t
-1.0 -0.5 0.0 0.5 1.0 1.5 20
p
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Loops vs Trees

e Expect no New Physics in Trees  ® New Physics in loops?

O |
O
U
|
@ |

0 0 =0
B+ D B w w B.
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Loops vs Trees

e The co-incidence (?) that x=90° gives two pairs of nearly de-coupled tree vs
loop measurements.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



Loops vs Trees

e The co-incidence (?) that x=90° gives two pairs of nearly de-coupled tree vs
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Vb (tree) /<&

B (loop) T~
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Y and Am now

Amd & Ams (loop)

Yy from B¥—=DK* and similar
(tree, very clean)

Currently: y(direct) =/0° = 30°, dominant error: statistics
Y(from side) = 68° + 4°, dominant error: Lattice QCD

Jonas Rademacker PPAP Community Revi



Y from B=—=DK=* in 2014

— ¢ \/ery clean, only proceeds via
trees. Pioneered by B-

DK
{V \ factories.

(6_Y ) / e Many different final states f(D)

accessible at LHCDb.

¢ Input from CLEO-c (later also
BES-IIl) controls systematics

-Y associated to the D—f(D) part
K b 5‘/ U Do of the decay chain.
: C
o B <
- - K- * Precision in 2014: 0y=2°-3°

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), Gronau, London Phys.Lett.B253:483-488,1991 (GLW) Atwood, Dunietz and Soni Phys.Rev.Lett.

78 (1997) 3257-3260 (ADS) Giri, Grossman, Soffer and Zupan Phys.Rev. D68 (2003) 054018 Belle Collaboration Phys.Rev. D70 (2004) 072003

Jonas Rademacker
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Progress on side

e Best experimental constraints from Bs and Bq mixing frequencies, Amg and
Ams. Known very precisely. Error on UT parameters dominated by LQCD,
expect significant progress by 2014 (ot from ~3% to 1.5%).

e Alternative constraints: B— py, B—K*y. Currently, from this, o(|Vid|/|Vis|)~20%
with similar theoretical and experimental error. Assuming improvements in
theory, significant improvements could be made by SuperB and/or LHCb-
Upgrade.

¢ An independent, theoretically clean measurement is possible through Kt—=mttvv
- not with the current 5 events, but NA62 set to increase this to ~100.
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Side measurements using Kt—=T11tvv

Current Constraints (5 events) Constraints with NA62’s 100 events:
f=y 1= 12
1 ._
05 ]
’ N
- i 1 5
-0.5

(assuming current central values)

-1 -0.5 0 0.5 1
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Y and Am projections for 2014

2014 oy(direct, tree) ~ 2°-3°
oy(from side, loop) =~ 1°-2°
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Y and Am projections for 2014

Or, if we are unlucky

2014 oy(direct, tree) ~ 2°-3°
oy(from side, loop) =~ 1°-2°
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Y and Am: Why we need sub-1° precision on 'y

¢ \We have a very precise measurement of the Bq and Bs mixing frequencies
(<1%) - we could already be staring at NP in B mixing without seeing it.

B ‘w w Be M(Bs— By) ~ -t 4 00
| ! 2N 712 2
e Our interpretation of these measurements is (and in 2014 still will be) limited by
lattice and SM Y. Increased precision will directly translate into NP reach.

e Expect the lattice will do its bit: Expect precision for the indirect, loop-sensitive

Y constraint from B-mixing < 1°.

(Note to LQCD friends: to catch MFV, it would be nice not to have to rely on the ratio Amd/Ams, only (which could
remain unaffected), but relate Amq and Ams separately to SM parameters)

¢ \We experimentalists need to do ours: To exploit this for NP sensitivity, we need
sub-1° level precision on y.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.
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Y reach from theoretically clean tree modes

O O LHCb- Many leading
Upgrade/ systematics (e.g.
Now | 2014 | g perm detection
10/ asymmetries)
Bs— DK ~5° ) measured in data.
- additional
Bf— DK+, BY— DK 1 ZO(UTFit) o mo <19/ modes should
combination of various D D80/ KMLE 2°-3 10-920 reduce error
decay modes* (CKM-Fitter) (starting from UTFit further

e Essentially no theory error.

e Requires input from Y(3770)—DD. CLEO-c data make significant impact.
Those statistics will be increased by x25 by BES Il - or even x100 should
SuperB run at Y(3770) for 1 months.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 26



Y reach from theoretically clean tree modes

o o LHClb- Many leading
Upgrade/ systematics (e.g.
Now | 2014 | supers detection
o asymmetries)
Bs— DK ~5° 1_/ measured in data.
- additional
B+—>DK+, BO—DK 120(UTFit) o mo <19/ modes should
combination of various D 280 CKMLE 2°-3 10-20 reduce error
deoaymodes I e ppatingfom Ut further
. Sub- 10 y S achlevable and high

I desirable. It increases our sensitivity to NP}
¥in one of the places where it is most likely to§,
_Show up, Bmesonmixing. |
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Vuo| and B now

B: Loop

Vuo: Tree (+QCD)
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s

¢ |nclusive: ‘ 5@ Theory

b
Vb required to
b {ud - a.d }XU predict

signal

V| = (423 £0.15F52) x 1077 shape b—u

> E
t1 =
’ 2.31 GeV 2.64 GeV

e Exclusive
¢
b > > u
B Vub .
o . o Theory to predict form factor.

V| = (4.34 £0. 12+8 22) x 1073

) Leptomc Vub Theory input: Decay constant
(~probability that u,b meet
inside B meson).

V| = ( 52j:05exp ) 4+ 0.05(theo)) x 107?
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‘\/ b‘ e By 2014: No improvement of
. v experimental errors from LHCb

* [nclusive: 5@
b s u ¢ Inclusive will remain theory-limited.
B y ub o Xu

|Vub| __ (4 23 + 0. 15—|—8 %g) < 1073 e Exclusive: o-CP~ 3% in 2014 =

i current experimental error. And

* Exclusive ’ lattice will continue to improve.
/ Worth measuring at SuperB.

b = =
{ T YD -
a.d > a.d e B—TV: Theoretically clean - and

B currently a “hot topic”. Super-B
Vas| = (4.34 £ 0. 1275 g?) x 1077 could improve this dramatically
(~2% error). Interesting sensitivity to

° Leptonlc { W NP (charged Higgs) - see Fergus’
talk.

V| = (5.2 £ 0.5(exp) £ 0.05(theo)) x 1077
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“Tension” between B—Tv and sin 23 (now)

Yellow area: 95% CL for combined fit with sin(2p..) and B — tv. The
orange dashed area indicates the 1 ¢ confidence level.
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What a Super-B factory + Lattice could do to [Vup|

green: BTV
(SuperB)

blue: [Vub| exclusive
(Super-B + lattice)

SN
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Raw Asymmetry Events/ (0.4 ps) Raw Asymmetry Events/ (0.4 ps)

sin 2B from B—J/P Ks (and similar)

Plots from BaBar e Current: sin2B = 0.655 + 0.0244
: | ) @]
400 N -
oo 3 e Interesting tension to CKM-constraints
- _ 1 from other measurements:
04F o5  sin2BCKM = 0.817+0:926 4 g9
02 —
= -
ppd 3 e LHCb 10/fb, 2014: o(stat) ~ 0.01
300 — —
200[ =
oo 4 * SuperB: o ~0.005
o ;_ P e
02 % 13 e LHCb-Upgrade: o(stat) ~ 0.003
oo e 3 (systematics biggest challenge - high
04F | + 3 importance of control channels such as
5 0 5

>

=
A~
o]

95}
N

Bs—’J/Ll) Ks. (see Eur. Phys. J. C 10 (1999) 299)
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sin(2B) and b—s gluonic penguins

e Decays such as B—@K® decay solely

via the b—s penguin (NP-sensitivel):

W-
VATEREN

b [ t_\ \)

8 q

q

¢ In SM, the measured sin2fB¢ should
be the same as for J/YKs, with small
corrections (theory tends to predict
slightly larger measured values)

¢ These results tend to come out low.
Not significant, but suggestive.

Jonas Rademacker

b—»ocs World Average u

oK’ Average ——

n' K’ Avierage o
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sin(2P) and b—s gluonic penguins

¢ \Whether these hints are due to NP or not - this approach is sensitive to NP
and we should look for it. Concentrate on theoretically cleanest channels.

LHCb

o ok o theor. Ugzet

Channe Now | 2014 (rlfii\vlzv) (stat)/
0802.3201 SuperB

. 0.02/
Ba—@K° | 0.180.10 [~0.01| ']
Bg—n’K° | 0.07 | 0.07 |~0.01| 0.01
Ba—K°K°K®] 0.17 | 0.17 |~0.02 0.02
Bs—@ | o |0.05[~0.01| 0.01

Jonas Rademacker
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¢ In terms of today’s central
values:
~10 consistency (now)
~20 effect in 2014
>100 effect after LHCb
upgrade/SuperB

e More channels accessible,
esp. at SuperB, but usually
(now) with larger theor. error.
Could be reduced from better
theory + control channels.

CKM matrix and CP violation. 33


http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2

sin(2B°") as model discriminator

Mass spectra of two popular SUSY models
quite similar - difficult to distinguish models
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sin(2fe™ as model discriminator
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Nobel Mixing
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Nobel Mixing

¢ For neutral meson systems:

Mixing — CP violation — Nobel Prize (~20 years)

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.
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Nobel Mixing

¢ For neutral meson systems:

Mixing — CP violation = Nobel Prize (~20 years)

Jonas Rademacker

L2} The Nobel Prize in Physics 1980

"for the discovery of violations of fundamental symmetry
principles in the decay of neutral K-mesons"

James Watson Val Logsdon Fitch
Cronin

PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 36



Nobel Mixing

¢ For neutral meson systems:

Mixing — CP violation — Nobel Prize (~20 years)

%} The Nobel Prize in Physics 1980

"for the discovery of violations of fundamental symmetry
principles in the decay of neutral K-mesons"
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Photo: U. Montan Photo: U. Montan

Makoto Kobayashi Toshihide Maskawa

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 36



Nobel Mixing
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e For 2 out of 4 mixing meson systems, we only just
got started:
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The Nobel Prize in Physics 1980

Nobel Mixi
g "for the discovery of violations of fundamental symmetry

principles in the decay of neutral K-mesons"

¢ For neutral meson systems:

Mixing — CP violation — Nobel Prize (~20 years)

James Watson Val Logsdon Fitch
Cronin

e For 2 out of 4 mixing meson systems, we only just

got started: %> Nobel Prize in Physics 2008

"for the discovery of the origin of the
broken symmetry which predicts the
existence of at least three families of

* Bs: Mixing discovered in 2006, no CPV, yet. quarks in nature”

© The Nobel Foundation © The Nobel Foundation
Photo: U. Montan Photo: U. Montan

Makoto Kobayashi Toshihide Maskawa
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Nobel Mixing

"for the discovery of violations of fundamental symmetry
principles in the decay of neutral K-mesons"

¢ For neutral meson systems:

Mixing — CP violation — Nobel Prize (~20 years)

e For 2 out of 4 mixing meson systems, we only just
got started: %» Nobel Prize in Physics 2008

"for the discovery of the origin of the
broken symmetry which predicts the
existence of at least three families of

* Bs: Mixing discovered in 2006, no CPV, yet. quarks in nature”

e DO Mixing discovered in 2007, no CPV, yet.

* |[n both systems, the prize is in finding non-SM ;
CP violation (in the case of D°, this is any CPV) B

Makoto Kobayashi Toshihide Maskawa
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Bs mixing and sin 2Bs

® The Bs system is characterised by

e Am - the mass difference between B-
mass eigenstates (~oscillation

frequency) b m S

e Al - the width (lifetime) difference S v b
between By and BL

e As. - CP violation in mixing, equivalent
ot J, €4 = (ytVtZVts)Q CNP

e .
to € in K° system. 0 in SM M (Bs — By) T6r2002, T A

* sin2Ps - the CKM phase that is the
equivalent of sin2f in the Bd system. In
the SM, Bs ~0.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 37



Bs mixing

e Am is the only parameter from this list
that has been measured precisely:

Ams = 17.77 £0.10 (stat) 4 0.07 (syst) ps™

e To translate this amazingly precise result
into a precision test of the SM, we need:

¢ A precise measurement of y

e Precise LQCD calculations to
interprete Ama/Ams in terms of CKM
parameters.

@AFS, A%, sin(28,)

Bs oscillations at CDF

—
([T 1 T

Fitted Amplitude
o

1
—
T 1T T T

o ~— cosine with A=1.28
|||||||| |||||||||||||||||||||||||

0 005 0.1 0.15 0.2 0.25 0.3 0.35
Decay Time Modulo 2x/Am, [ps]
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Bs =J/PY at D@ and CDF

CDF Run Il Preliminary L=28fb" D@ 28fb ' with preliminary Jstematlcs

0.6 _ esefareten 6L €8% CL .
" — 68% C.L. 34”95 s -
L2 04 ' -
— -
=] 0.2 - ).2 =
0.0/ ,,,-" .0\
i - i)
0.2 0.2
0.4 "
- New Physucs 0'4:
-0.6 , ObAA‘A PP TP PP B . ¢ AP
i 5 ®5 10 05 00 05 10 15
Bs (rad) B7/%*(rad]
10.05
AT (meas) = AI'"McosplV” Al' = 0.15" 57
. . NP NP 0.29
sin(203;)(meas) = sin(28, — ¢.'") o = —0.77T0 50

plots: 2009 - combined numbers: HFAG, 2008 (1/2 CDF data)
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Bs = J/Y in 2014 and beyond

e Current indirect SM constraints (now, CKM fitter): Bs = 0.0181 = 0.0008

e Theory uncertainty in relating measurement to SM parameter negligible
(“golden mode”). Sensitivity to New Physics high, and unexplored.

e Now: o(TeV) ~ 0.3, result ca 20 from SM.

e L HCDb (10 fb"): o(stat) ~ 0.007 (SM at 2.50, current central value at 1000)

e | HCb Upgrade (100 fb~'): o(stat) ~ 0.002 (SM at 90)

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.

40



Charm’s many ways of increasing NP sensitivity:

e Charm results crucial for a high-precision measurement of
CKM angle vy in B decays.

e Test LQCD through form factor / decay constant B
measurements - which is in turn input to B physics. l
D

e Input to kaons: Precise [Vcd| measurement in charm
needed to translate excellent precision on &k into precise l

UT constraints
K*pa1 f(980)...

e Mixing (recently discovered) and CP violation. CP violation Q‘(’?)K('P) N
in charm would be a clear signal of NP.

e Understanding properties of light meson resonances.

Although this could become important input to high-precision Dalitz analyses to
study otherwise inaccessible aspects of CP violation, we’ll skip it here.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 41



Charm

In

publications | On tape [ 2014 | 2020
07/08/09

2.3M 4.3M | 5./M | 200M

(Super) B
“Normal” flavour-| factories
specific D—=Kmn

(events seen, i.e. CDF M 12M 16M
reconstructed, passed
i (Upflgeédbed) 500M | 10G
CLEO-c/
DKt from i 150Kk 3.5M
LI)(377O)_’DD Super B? running 1 month at Y(3770) 20M

Most numbers estimated by naive scaling (esp for CDF, trigger efficiency could be an issue). Published numbers are: Babar:
1.229 M for 384/fb in 2007. BELLE: 1.1M in 400/fb [Phys.Rev.Lett.98:211803,2007], CDF: 3.04 M in 1.5/fb CLEO: 50k in 281/fb

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



Quantum correlated charm pairs at CLEO-c, BESIII

ete 29 (3770)=>DD

M2(Kstt+)/GeV?
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Quantum correlated charm pairs at CLEO-c, BESIII

ete 29 (3770)=>DD
7 Dfiavour = K*e™ Ve

LI)” \ B
Diiavour— KsTT'TT

3._.

EVGI’ybOdy %z.sé % DO

Q)

(B-factory, = 7
LHCb) can £"

S—
C\J »
£

do that: | _—
055 simulated data
Bl T LB A RA
m2(Kstt*)/GeV? M2(Kstt+)/GeV?
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Quantum correlated charm pairs at CLEO-c, BESIII

B ee 2(3770)>DD
- Diiavour = K*e™ Ve /DCP+ - KK
)) q)’,
v Diavour = KsTTHTT \DCP_—D KsTTHTT

-

Everybody . L Only ¢, W Dcp-
(B-factory, £ ¢ YE770)=> ¢ .0 T
LHCDb) can £"| DDcan g Q
dothat: = ' = - alsodo E T T N
’ 5 simulated data tha't: " simulated data
T o RN

M=(Nsl L' )/ aEvV-
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Quantum correlated charm pairs at CLEO-c, BESIII

e'e 2¢(3770)>DD

= _ —
/‘Dﬂavour_’KJre Ve /DCP+ KK
LI)” \ LI)
Dfiavour— KsTT T \Dop-* KeTT T
Everybody f% b DY Only ; - Dep-
(B-factory, 2+ WE770)= ¢ . \‘
LHCb) can £ DDcan g { ,
dothat: © e dsodo F e W
o'siisirrlwg‘la.tgq data that: o'sé simulated data
0 05 1 rTl];(K;_[-'_);ée\;z 0 05 1 1.5 2 25 rr?

M-(Rsl L' )/ aEvV-

Two measurements for each point in Dalitz space: can
extract magnitude AND phase. Replaces 7° model
systematic in y from B=—=D(Ksttr)K=* with < 2° stat. error.
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W(3770)—=DD

Super-B at
CLEO-c¢ |BES-Ill| w@770), 1

stat @ sys stat | month, stat
only

Input for...

ofps) [4.1% @1.2%| 1% 0.4% | |Vub| (check LQCD)

o(f(g?=0)) [5.3% @ 0.7%| 1% 0.5% | |Vublexcl. (check LQCD)

cos(®d"?) [ 0.24 ® 0.06 | 0.06 | 0.03 D mixing, and y

phases of ofher add channels D mixing, and y
Coherence
octorinkan | 0-22 @ 0.01 | 0.04 0.02 Y

further y input | increase precision, add channels. Y

Refernces: PhysRevD.78.012001
Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



1]
=1

Events/0,2

FEesiduals

Charm Mixing

e Parameters: x ~ Am (mass difference), y ~ Al' (width difference) between CP

e
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igenstates of the D° system.

BaBar, March 2007 Status now: Mixing established at >90,
T T T e 30 values of X, y within SM expectations.
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%: :; : Pl Tilae RITIN

3 E 05

- b) : 0

: ot %’*»5; == : ot ‘2o
- g [ 1 ' s 3o
3 | E 1705 0 05 1 15 2

2 1uT|1z 3 2 x (%)

t{ps)

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.

45



Charm mixing

e Mixing recently discovered (BaBar/BELLE/CDF). Need to turn evidence
to precision. Systematics will be crucial for SuperB and LHCb-Upgrade.

5 LHCDb SuperB/
BaBar(%) | BELLE(%) | CDF(%) | o1a LHCD
combined
stat only | Upgr.(stat)
-0.02 -
° . 5
(Ecﬁsfr)[ +0.03(sta)| 0.0240.02|0.0140.04| 1.5-10¢ | 6-10 ?11%_5/
+0.02(sys)
0.97 -
71 4
éc_?ii +0.44(stat)| 0.06+0.40[0.85+0.76 [ 3-10° [ 9-10* 201%_4/
+0.31(sys)
1.0 0.2 )
5-107%/
DX?PF;K +0.2(stat) | +£0.6(stat) 3.10-3 4.104 o
+0.2(sys) | +0.8(sys)

*) published values, corresponds to ca 2 of B-factory data, 1/5 of CDF data

Jonas Rademacker

PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.
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CPV in charm

¢ Unique window on FCNC affecting up-type quarks (all other mixing meson
systems are made from down-type quarks). Quite possible that up-type quarks
are affected by NP significantly different from down-type quarks.

* Precise SM prediction ¢®P-cham = 0 + 103

¢ Potential for large NP enhancements

¢ Experimentally unexplored territory.

e My bet: Could be *the* hot topic in 2014 and beyond.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.  CKM matrix and CP violation.
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CPV in charm: Ar

e Measured as a lifetime asymmetry,
detector effects cancel:

(DY - KtK™) —7(D° - KtK"™)

Ar = _
" A(DY = KYK-) +7(DY — KHE-)

e Approaching SM sensitivity in 2014
(~30 for Ar~ 10739).

e | HCb-Upgrade and SuperB will for
the first time be able to make a
significant measurement of CPV at

SM level.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.

BaBar LHCb-
BELLE Iégi)f Upgrade/
(920/fb) SuperB
320M/
D-KK| 0.2M | 16 M 1AM
0.7-10%
oA [25-107% 3-10*
i 3-104
— now
1 2014
B Upgrade
] ] | ] | | * | | | | | | | | ] ] ] |
-0.2 0 02 04 Ar (%)

BaBar: PhysRevD.78.011105 , BELLE: Phys. Rev. Lett. 98, 211803 (2007). LHCb-2007-049
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http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ex/0703036
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ex/0703036

Prospects for direct CPV

e Example: D°—K*K-, SM expectation < 103
e BaBar 2008: (+0.00 £ 0.34 + 0.13)% (386/fb, 66k events)
e BELLE 2008: (-0.43 + 0.30 + 0.11)% (540/fb, 120k events)
e \World average (HFAG): (+0.22 + 0.37)%

e CDF has obtained its result of (+2.0 + 1.2 + 0.6)% with only 2% of its
current data set. CDF could beat world stat precision now.

e | HCb in 2014: o(stat) = 0.03% in 10/fb

e L HCb Upgrade: o(stat) = 0.01% Dawn of precision
era in charm CPV
e SuperB: o(stat) = 0.02%

BELLE: Phys. Lett. B 670 (2008) 190
Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.
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CP Violation in Charm

e From a slide by M. Neubert at FPCP 09 on the signature of RS-models with
warped extra dimensions.

e Very large effects possible in D —D mixing, including large CP violation.
Prediction might be testable at LHCb

S1!

20}

(My3)" = (DM g D)

—
n
— T

= | B e2idr

IMP| [ps~']
=

- = maximal allowed SM effect
_ j with no significant CP phase
0.5] ]

e consistent with quark masses,
CKM parameters, and 95% CL
limit |ex] € [1.3,3.3]- 1073

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09
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Kaons

Spacetime and vacuum as seen from
Moscow

A special search at Dubna was carried out by E. Okonov and his group.
They have not found a single K — 77~ event among 600 decays of K?
into charged particles [13] (Anikina et al., JETP, 1962). At that stage the
search was terminated by administration of the Lab. The group was unlucky.
Approximately at the level 1/350 the effect was discovered by J.Christensen,
J.Cronin, V.Fitch and R.Turlay [14] at Brookhaven in 1964 in an experiment|...
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Kaons

Spacetime and vacuum as seen from
Moscow

A special search at Dubna was carried out by E. Okonov and his group.
They have not found a single K — 77~ event among 600 decays of K?
into charged particles [13] (Anikina et al., JETP, 1962). At that stage the
search was terminated by administration of the Lab. The group was unlucky.
Approximately at the level 1/350 the effect was discovered by J.Christensen,
J.Cronin, V.Fitch and R.Turlay [14] at Brookhaven in 1964 in an experiment|...
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Kaons

* A historical note (from L. B. Okun: “Spacetime and vacuum as seen from
Moscow”,

A special search at Dubna was carried out by E. Okonov and his group.
They have not found a single K — 77~ event among 600 decays of K?
into charged particles [13] (Anikina et al., JETP, 1962). At that stage the
search was terminated by administration of the Lab. The group was unlucky.
Approximately at the level 1/350 the effect was discovered by J.Christensen,
J.Cronin, V.Fitch and R.Turlay [14] at Brookhaven in 1964 in an experiment|...

e Don’t give up once you’ve excluded New Physics at the few% level.

e A glorious past is no impediment to a glorious future.
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Kaons

* A historical note (from L. B. Okun: “Spacetime and vacuum as seen from
Moscow”, Int.J.Mod.Phys. A1751 (2002) 105-118):

A special search at Dubna was carried out by E. Okonov and his group.
They have not found a single K — 77~ event among 600 decays of K?
into charged particles [13] (Anikina et al., JETP, 1962). At that stage the
search was terminated by administration of the Lab. The group was unlucky.
Approximately at the level 1/350 the effect was discovered by J.Christensen,
J.Cronin, V.Fitch and R.Turlay [14] at Brookhaven in 1964 in an experiment|...

e Don’t give up once you’ve excluded New Physics at the few% level.

e A glorious past is no impediment to a glorious future.

e Global symmetries are usually broken (C, P, CP... MFV?)

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 51



http://arxiv.org/abs/hep-ph/0112031
http://arxiv.org/abs/hep-ph/0112031

¢ | eptonic Kaon decays provide
precision measurements of |Vus|

Vus = sin B = A = 0.2255(7)

e Can be used to test unitarity:

|Vud|2 + |Vus|2 + |Vub|2 = 09999(5)(9)

osm 095 Vg

80 . .

s e Ratio of |Vus| measured in p vs e

L modes sensitive to charged Higgs

% mass:

40 B 2
ISRl RLEV . pSM |4 MK 7Y Aval? tan® 3|
B A,=510" K K [ " (AI?I:{: ‘112 | 13' o

20 | WERT.

) R“-(uslr:o.oaz) 19‘

200 400 600 800 1000
Charged Higgs mass (GeV)
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Kaons & the UT
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e Interpreting Kaon results in
terms of UT parameters often
difficult because of large
hadronic uncertainties.

e However, there are channels
where these uncertainties
essentially vanish:

K+—=1ttvv and K°—11°vv

¢ These could provide clean,
independent UT constraints in
the foreseeable future (NAG2 for
charged, KOTO for neutral)

Physics and QCD.  CKM matrix and CP violation.
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Conclusions

e The interaction (or lack thereof) between the SM and the BSM sector is one
of the defining and discriminating characteristics of New Physics models.
This is the focus of CKM/CP violation measurements in the future.

¢ \We have good reason to hope for evidence of NP at LHC(b) (e.g. large s). To
understand and test this NP, we need the next level of precision.

® The clean strategies exist that translate very high statistics measurements
into precise, powerful constraints on SM/NP parameters. To exploit them will
require the next generation of flavour physics experiments.

e This will decisively increase the NP reach in B sector. And beyond: CPV in
charm -within reach at the next generation of heavy flavour experiments- is
uncharted territory (remember how B and K took off after its discovery). New,
very clean precision measurements are possible at dedicated K experiments.
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Backup
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Comparing LHCb-Upgrade and SFF

... for measurements discussed in this talk.

LHCb-
Upgrade SFF
Y v v v = can deliver
. significant
b—s penguins v v improvement
Voo 9 v relative to 2014
Bs-mixing, s v X x = cannot
Charm mixing & CPV v 0
0O = some
o v v improvement

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



AAcr(Km)

e Time-integrated CP asymmetry 0,05 o I.,DECP © 4th Gen.
Acp(B*—K*%) = 5.0%+2.5% 0 | .
Acp(BO—K'm-) =-9.7%+1.2% s o LA

H‘-I]: !
-0.15 -
] [ _Dlz -
e In SM, would expect them to be similar. ~0.25 Lo
Q S0 180 270 360
¢
| =

e 4-th generation? (could also neatly d
accommodate large s). Asoni et al arxiv:0807.1971 b 1 S
[hep-ph] (2008), WS Hou, Nagashima, Soddu, PRL'05 B w K—

u u

e Can be accommodated within uncertainties ﬁ
of hadronic effects: m. ciuchini et a: "y
Phys.Lett.B674:197-203,2009, M. Duraisamy,et al arXiv:0812.3162 [hep-ph] b ( . ) s 5

_ c, u
B, w w B,
e Clarification might come from Bq— Ksm°. Also s—— .y b
ts !

Bs— K*K* and B—Knrt Dalitz plots probe

WS.Hou (FPCP 09, slide 55) and references therein

similar physics.

Jonas Rademacker
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alpha

e B—nm, B—pp, and B—pmt measure 2(B + Y),
known as m-&. Bs— KK measures 2(Bs + Y).

e All proceed via both, tree and loop (penguin)
diagrams. To interpret the measurement we
need to disentangle the two contributions.

e Many strategies exist. All combine several
channels and rely on symmetries of the
strong interaction (isospin, U-spin). Control
channels to estimate breaking effects.

e Not as clean a way to extract p or y, but
important independent measurement, plus:
Loop contributions sensitive to NP.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.

o LHCb-
0) o) " Upar.
Now |2014[1€0"| (staty
oszaz201 | SuperB
|

EO:[O 30 30
b g | o | & 15
e || |28°] 15| 1

B <3°
Bs—= KK 50 (my guess) 1 ’

*) LHCb will improve the accuracy in pp
by improving the precision on B—p°p°

CKM matrix and CP violation.
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http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2
http://arxiv.org/abs/0802.3201v2

Littlest Higgs with T-parity in B, D and K olbservables:

y“] 1t

Jonas Rademacker

Bs “-;ﬂlf_

PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.
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90% CL
0.4 on (PSNP
S8 o 0.2
. < 0.05
N CPV in D e g
--'Fg'. T .zl " 5 q p ) B : x
o -02] B - CPV IN D
04l 1, Scr ranges on
CPV in D mixing
E‘L':Klm‘ i
K " r
1.5 x 1019
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Rare K decays: Golden modes®

e Spectacular corrections in very clean K — mvv decays. Even Grossman-Nir
bound, B(K; — 7°vw) < 4.4 B(K"— n*vv), can be saturated

0 N ——
[ * 1|81
100} Cob SM: B(K* — whv¥) = 8.3~ 10-11,
= | S . 5Y ~ 2 7. 10-11
L ol S | B(Kr — 7)) = 2.7-10
= é\ko/l . l
2 S ]
OE 60 @&Q’/ ! ! ] - = central value and 68% CL limit
1 S | 1 B(K+ — 7tvp) = (17.37143) - 10-11
g 40 : i from E949
Q d L i
i : e consistent with quark masses,
N . : _ CKM parameters, and 95% CL
i 21T T ' limit |ex] € [1.3,3.3]-10-3

*Grossman and Nir, hep-ph/9701313; Bauer et al., paper in preparation N eu bert FPC P 09

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 60



K/pi puzzle, Bs mixing, and 4th generation

* Evidence for 4th family: Amarijit Soni (Brookhaven) , Ashutosh Kumar Alok (Tata
Inst.) , Anjan Giri (Punjabi U.) , Rukmani Mohanta (Hyderabad U.) , Soumitra
Nandi (Harish-Chandra Res. Inst.) arXiv:0807.1971 [hep-ph] (2008)

e Can be accommodated within uncertainties of hadronic effects: M. Ciuchini
(INFN, Rome3) , E. Franco (INFN, Rome) , G. Martinelli (INFN, Rome & Rome
U.) , M. Pierini (CERN) , L. Silvestrini (INFN, Rome) . Nov 2008. Published in
Phys.Lett.B674:197-203,2009.

e Murugeswaran Duraisamy, Alexander L. Kagan (Cincinnati U.) . Jan 20009.
4pp.e-Print: arXiv:0812.3162 [hep-ph]

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 61



CAA=A,_,- Ay ~15% and B’

LO PQCD & 4th Gen WSH, Nagashima, Soddu, PRLC05

0.05
D Dg _ AA =~ 12% vs 15% (data)
-0.051 2 d
oy 7
< "0l m,, =300 GeV . I
-0.15 ¢ . . d
0.2 (illustration) R
—0.25_ e - e =1 B_ b t,t S
0 90 180 270 360 14 K
Ps u u
t,t"V
b — A CREN.
_ (c, u)
B, we W B,
_ (c, u) _
5 — : —b
s

Nobel 2008 — B Factory to LHC eorge W.S. Hou FPCP, June 009 55



ASL & NP

20
15[
10}
% o °
%,q 5 »® 0"‘- SM
< ol O
3 \‘o
% 5| L
<
—10t _
0 0.1 0.2 0.3 1 05 0 0.5 1
Sype SyKs

Figure 2-18. Left (right) plot shows the correlation between A% (Ag;) and
Sirwe (Sywis) computed in the Littlest Higgs Model with T-parity (see text).
The shaded areas represent the present experimental constraints.
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regions
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m‘ I'B‘ >80ab ! after 6 years

RiE
-1 _

~4,/ uest for BSM 50ab by 2020 ) - Integrated Luminosity(1/ab)

MET T o T T r e g 140.00

45E- = |

402— 35 _i 120.00 -

355 L~8X1 O = 100.00 -

305 2 s000

252_ _i 60.00 |

20; 1 E 40.00 1

e 10ab? ~ 2016 :

= = 20.00 -

105— ——————— _:

e e <l N W W W= P S L
2010 2012 2014 2016 2018 2020 @) E L E Y
< > g A

3year shutdown

for upgrade 20157 20207

Yoshihide Sakai at FPCP 2009
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B->D(hh)K at CDF

CDF Run Il Preliminary Lmﬂ b
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LHCb Upgrade

What is LHCb Upgrade? — , _
: : Sensitivities for integrated lumi of 100 fb-"
Run at ten times the design -

Obzervable Sensitivity

inosi 2x1033
luminosity, namely at 2x10 0 50T =000

Needs detector and trigger S(Bg — ¢K2) 0.025 — 0.035
upgrade 0s (J/ 1) 0.003

: C . sin(23) (J/ K2) 0.003 — 0.010
Incr'ease Trlgger 6fflCl€nC|eS for' . EB . Jr_'ﬂ*jﬁ'l}j:l =~ 1°
hadrons by at least a factor fwo |[EEEE: 2NN g 1—2°

3 — T R
Accumulate data sample B(Bs — p"p7) 5 — 10%

B{Bg — putpu) 3
-1 >
of 100 fb AP (B — K*ou+p-) 0.05 — 0.06
Sensitivities App(B — K™t s 0.07 GeV?
: : S(B, — o) 0.016 — 0.025
LHCb upgrade will pr'OVfde us ASLL (B gey) 0.030 — 0.050
with a very powerful microscope [EEPTEEEL 5 % 107

mixing, 2.8 x 101
CP Yo p 1.5 =104

Use theoretically clean
observables

Probe/measure NP
at percent level

Also studying Lepton Flavour Violation in T—uup

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



Comparison with Super B factory

SuperB numbers from

Super-B factorv 50 ab- M Hazumi - Flavour in
i Y LHC era workshop; LHCDb

numbers from Muheim

sin 23

o p T}
wWDK"_GLW }
HDK_ADS)
":'{'_DK_Dah:tz)
Ap(B—(X /K )y)
Cy Arg(B— K II)
C, Ag(B— K 1)
AS(HK))

A S’ Kg)

BREB— Kiw) [t No IP
BRE'-Dw) =]
BRE- Xy = Neutrals, v
LY I]| :
0504030201 0 01 02 0.3 0.4 05

Preliminarv 46
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i \ \ ; \ ]
i siny sin 2p siny ]
15 |- .
L ; +_ o+ i
~N_sin 2B K Zmw .
o X :
: ) 7/ JM ]
0.5 " g/e,, KO-y N
-y 5>
- y |
< 0 - S S S ; PN ] 7
- K= nlvy i
-0.5 - Vo'V _ y
i ; sin 2a ]
1 7 sin 2a.
K'—ntvv
: £ :
oL ! ! ! | ! ! |
-2 -1.5 -1 -0.5 0 0.5 1.5 2
P
arXiv:hep-ph/0406184v3

Jonas Rademacker
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LHCD
L )

Other Physics Sensitivit

Bs — Ds "K' 5.4k <1.0 o(y) ~ 14°
Bg—>n'm 36k 0.46
By — K"K~ 36k <0.06 o ~4° g Or
By — D° (Km,KK) K*° 0_53{(‘,1;_,6 ; <0.<3,1j T ) ~70- 100 Su
B~ DY(Kn",K'n) K- 28k, 0.5k 0.6, 1.5 M(
B~ — DY (K'K ') K- 43k 1.0 o) =5~ 1%°

m FC
B~ - D°(Ksmt'n) K 1.5 - 5k <0.7 o(y) ~ 8° - 16° fb-
By > 1" nn° 14k <0.8 o(o) ~ 10°
B—pp’p p,p°p° 9k, 2k, 1k 1,<5,<4
By — JAy(up)Ks 216k 0.8 o(sin2p) ~ 0.022
Bs > Dy 7 120k 0.4 o(Ams) ~ 0.01 ps”
Bs — JAy(up)o 131k 0.12 o(ds) ~ 0.023
Bs > u'u 17 <57
By 5 Ky A4k <26 Zero to +0.3 GeV?

By — K*y 35k <0.7 o(Acp) ~0.01
Bs—> 0y 9.3k <24
D* - D° (K ") nt* 100 M

Jonas Rademacker PPAP Community Review, Birmingham, 0//09, Flavour Physics and QCD. KM matrix and CP violation.




Bs =J/PY at D@ and CDF

Jonas Rademacker

ﬁ@t
Q_efa'

= 'Q.@:ﬁ

0.0
-0.2]

CDF Run |l Preliminary L=28fb"

[ DG+2 8\ predictipaliminary systcmatlcs
mor (9o 70 U.L.

7O 70 680/0 C 1%

- New Physucs

5, 1,0 10.5 oo 0.5 10 . 1.5

1 0 P T
B (radj
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Super
@g Progress / Plan

2004.06: Lol for SuperKEKB
2008.01: KEK Roadmap
SuperKEKB is identified as high priority
2008.12: New collaboration (Belle II) formed officially
13 countries, 43 institutes
Spokesperson selection in progress
2009.03: BPAC (Chair: T.Nakada) endorsement
2009.03: FY2008/9 supplemental budget:
~5M$ for Belle Il upgrade
2009.05: ~27M$ for KEKB upgrade R&D

2009.07: 31 Open Belle |l
collab. meetnig

mmn

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation. 72
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SuperB Progress / Plan

2007.09:
2008.06:

2008.12:

2009.04:
2009.06:

Jonas Rademacker

CDR; 320 signatures, ~85 institutes

Mini MAC formed (Chair: J.Dorfan)
J recommendation

TDR phase was approved by INFN

15M € /3 years (2009-2011)

Management structure formed

Director: M.Georgi
Deputies: D.Hitlin, D.Leith, G.Wormser

Accelerator: J.Seeman ﬁ\ @ ™~
Detector: F.Forti, B.Ratcliff o B et

arXiv:0709.0451

erB
u WA WIC]( www.ippp.dur.ac.uk
TDR ready by end of 2010 Workshn New
2nd MAC: Physics with SuperB

further endorsement 14th-17th April 2009
General Meetnig | W

PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.

73



BES-III time line

¢ First runs at reduced energy successful

e This year: Run at J/psi resonance,
iIncrease luminosity

e |f that is stable, run through psi(3770)
resonance after summer

¢ Running at psi(3770) starts most likely in
2011 <ask Roy>

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.
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Bs—=@o
e In SM, phase from Bs mixing (2Bs)... mixingﬁéB \
ph B

- e
— — V*ts x e_lBS QBS :
b— " —— B 010

0 : —0
BS E\W W': BS \B_S/
SPTANE T e
Vg « eiPs Phase difference = 2Bs -Bs - Bs =0

e ...cancels exactly with the phase from Clean measurement of NP in

the b->s penguin: . .
i mixing and/or b—s penguins.
»VK \/tS x e_iBS
/7 N\ -
b LA s ’
>
g . o Now | o 2014 o theor.| LHCb
’ (now) Upgr.

I

2y Bs—w@@ | o |[0.05|0.01[ 0.01

“|
“|
.
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Observable SM Prediction MSSM Flavor Content
Amig ~ (VaVed)? (04B)12
€ ~Im(ViiVia)Re(ViiVea) (0aB)12
€ /e ~Im (Vi Via) (04B)12
b— sy ~ Va Vi (0aB)2s
Acp(b— s7) |~ ag(my) Y2 (45)23
Amp, ~ (ViaVn)? (0aB)13
Amp, ~ (ViiVin)? (0aB)2s
Acp(B — YKg) = sin 23 (04B)13
Acp(B — ¢Kjy) =sin 20 (04B)23

PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.
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Dalitz Plots for y at Belle&BaBar

B — (DY — Ko 'r )K*

g 3 [ L ) 3 [ ' .,‘ T ' L
& IR~ & [ “ + <
> s — > R I &
Q IR 138 2 [ . o * :
S 25| ;‘g B~ | S oMt B 1 ¢
] B . u... . N [ R . '. o <
£ i o' e £ i & ) =
| | s % .2 >
2 - 2F *+ . ] ©
L N s CY)
: o N : ™
| . . . | AT @)
15} ) D 8 1.5 B 1 8
[ N . . [ W *s =
| :\.. . | .-: « o >§
3 [ H . . 3 &g ©
1 [~ * .'- . — 1 . 0:. ] |_|_|
I H o o . [ o0 . |
| PR s . oo 1
: ‘. . i - e -
05| UL M 05| ' LE
P P PR B BT , , | M BT
0.5 1 2 2.5 3 0.5 1.5 2.5 3
m? (GeV?/c?) m? (GeV?/c?)

Combined result (both experiments, CKM fitter: v = 7003;2

several D decay modes) UTFit: 780 4 190
Ly =

BaBar: Phys.Rev.D78:034023,2008, BELLE: arXiv:0803.3375v1 [hep-€eX]
CKMfitter: Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184], http://ckmfitter.in2p3.fr

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.
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ATLAS, CMS and LHCb for s

ATLAS, CMS (~3 years at £=1033, [ Ldt =30/fb)

ATLAS | CMS ||Statistical error on parameter | ATLA MS
Signal statistics, 30 fb™! 2.4-10° [3.3-10° ds
Proper time resolution 0.083 ps | 0.1 ps AT /AT 13% | 4.3%
B%mass resolution 16.6 MeV |14 MeV 65 /T 1% 10.29%
Background ~30% | ~ 28% SA|/A) 0.7% | 1.0%
Tag quality using u, e, jet-charge tags 3.9 3.9 0AL /AL 3% | 0.8%

LHCb per year at £=10% (| Ldt =2/fb): 0.03

LHCb after 6/fb (3 nominal years)

LHCb after 10/fb (5 nominal years): 0.013

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD.

CKM matrix and CP violation.

78



Conclusions

The B_.° semileptonic asymmetry has been

measured with a 5fb! data sample to be:
—0.0017 4

CDF pu

(Run I)

CDF

(1.6 b’ ) prel.
DO b

(1.0 fb™)

D0 Semileptonic
B; flavor-tagged

(57)

Average

Heavy Flavour
Averaging Group

- 0.0091 (stat)

I+
A
A

02 01 0 01 02 03 04
Aq(B)

+0.0012
—0.0023

(syst)

0.113 £0.283 +0.149
0.025 +0.021 +£0.017
—0.0061£0.0058 £ 0.0077

~0.0017+ 0.00917%"0°2

—0.0027+0.0066

HFAG May 27 2009

Compare, Apr 09:A5, = —0.0037 = 0.0094

May 29 2009

Jonas Rademack

Steve Beale
FPCP 2009 - Lake Placid NY

Submitted
arXiv: 090¢

This analysis
supersedes t
previous sen
CP asymmet
and improve
statistical ur
by ~2X
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Peak Luminosity

PEP-11I Records

12.069%10* cmsec”™

1722 bunches 2900 mA LER

1875 mA HER

Last update:
April 8, 2008

August 16, 2006

Integration records of delivered luminosity

Best shift
(8 hrs, 0:00, 08:00, 16:00)

Best 3 shifts in a row
Best day

Best 7 days
(0:00 to 24:00)

Best week
(Sun 0:00 to Sat 24:00)

Peak HER current
Peak LER current

Best 30 days

Best month

Total delivered

339.0 pb™
910.7 pb™
858.4 pb™’
5.411 fb™'
5.137 fb'

2069 mA
3213 mA

19.776 b
19.732 b

557 fb!

Aug 16, 2006

Jul 2-3, 2006
Aug 19, 2007
Aug 14-Aug 20, 2007

Aug 12-Aug 18, 2007

Feb 29, 2008
Apr 7, 2008

Aug S — Sep 3. 2007
August 2007

PEP-II turned off April 7, 2008



Y reach from theoretically clean tree modes

L HCb-

Now 2014 | ograces

Bs—DsK 27k 500K/

B+ — D(Ksttm)K* 25K 500k/
B+—D(hh)K* 280K 5.6M

e Essentially no theory error. Sub-degree precision is really sub-degree
precision on SM parameters - and translates directly into NP reach.

e Requires input from Y(3770)—DD. CLEO-c data make significant impact.

e Statistics in Y(3770) will increase by x25 (BES Ill) - or even x100 should
SuperB run at Y(3770) for 1 months.

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.
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Jonathan’s Lattice Predictions

Summary: targeted precision

Quantity CKM Hadronic ME Error

fK/fw |Vus| fK/fw < 0.1%

K — mlv Vs f,ZT(O) < 0.1%
€k Im VZ, Bk 1%
Dy — Iv |\Veal, | Ves| fD(S) < 1%
B — v m fs 2%
Amy | Vidl fs,+/Bs, 2%
Amg/Am | Vid/ Vis| § 0.8%
B — D™y | Veo| Fg_.pt)p, 0.5%
B— mly Vbl fz—(g°) 3%

B — [KX¥) pl[y,ITI7]  |Vig/ V| T, etc 4%

P violation.



AsL

e Measures CPV in mixing, i.e. the

SM NP
deviation from CP-eigenstate = ATls(meas) = A" cos oy
mass eigenstates. Equivalent to Qm cas) — AT @
£k, only in B-system. Amg

sin(20,)(meas) = sin(28s — o2 ")

e Current measurements

sL = —0.0027 = 0.0066 e In SM, equivalent quantity in Bq

* SM: A%, = 10~° system 20 x larger AgL ~92.10"%
e _LHCb (10/fb): of(stat) ~ 0.001 e Current measurement (B-factories +
LHCb (100/fb): o(stat) ~ 0.0003 CLEO): A% =—0.0047 + 0.0046

(systematics challenging)

e Super B could reach precision < 1073
e SuperB at Y(5S): o ~0.004 - 0.006

SM values from: A. Lenz, and U. Nierste, JHEP 06,072 (2007), hep-ph/0612167

Jonas Rademacker PPAP Community Review, Birmingham, 13/07/09, Flavour Physics and QCD. CKM matrix and CP violation.



AsL

e Measures CPV in mixing, i.§ IMpro o quess - §
deviation from CP-eigenstak How much exactly 1S hardl o g .
mass eigenstates. Equivalek - stema’t\CS \\m‘,t_.'

: certainly SYSIS! L i
€k, only in B-system. L g ot R 5
" sin(20,)(meas) = sin(28s — o)

e Current measurements

sL = —0.0027 = 0.0066 e In SM, equivalent quantity in Bq

* SM: A%, = 10~° system 20 x larger ACSZL ~92.10"%
e | HCb (10/fb): of(stat) ~ 0.001 e Current measurement (B-factories +
LHCb (100/fb): o(stat) ~ 0.0003 CLEO): A% =—0.0047 + 0.0046

(systematics challenging)

e Super B could reach precision < 1073
e SuperB at Y(5S): o ~0.004 - 0.006

SM values from: A. Lenz, and U. Nierste, JHEP 06,072 (2007), hep-ph/0612167
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NP Example: ASs. and @sNF in RS models

1.,0 ------- T T T T T T T T T
' °. S
100 | : sV and Ast in RS
<t oyt f model with Warped
s 5'le'o bound| °; ': Extra Dimensions.
3 . from N\ :
< Hs—J/po \ ; Parameters
< iy \. : constrained to fit
i o ; current measurements
(ool o ' (FCNC in K mixing etc)
- OO- ] From Neubert, FPCP 09, see Blanke et al., arXiv:
0809.1073; Bauer et al., paper in preparation
1590 A S T . .
~1.0 ~0.5 0.0 0.5 1.0
Sug
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CP Violation in charm

e Arg(g/p) equivalent to 2 in B
system (i.e. CPV in the
interference between mixing and
decay)

* 1-|p/q| equivalent to As oOr &k,
CPV in mixing.

¢ Plot shows current constraints,
and Super-KEKB (50 ab-1)
superimposed.

e Expect LHCb/Upgrade to do very
well, but no comparison plot, yet.

Jonas Rademacker

©1,2,36@ 50 ab!

Oz 35
" 20

I ICHEP 2008 130
40

B H5c

N

BN
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E. Barberio et al. (HFAG), arXiv:0808.1297

& http://www.slac.stanford.edu/xorg/hfag/
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The New Physics phase @sN\P

e All other parameters in this list are
sensitive to the same NP phase @sNP.

e [f NP contributes to Bs mixing, instead of

ATSMT .~ 10%

Amy (AT, A%, si@

S~ 2.107°
3 }NO

sin(28;) ~ 0.04

e we’d measure @meas) = ATYMcos V"

AT
& (meas * tan oMY
SL( ) Ams ¢8

Measured In

Csin(20;)(meas) = sin(28, — o)) >

Jonas Rademacker
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Other experiments

e CDF/DQO: Still has most of its flavour physics data to analyse, expect very
interesting results over next couple of years, but by 2014 these will have been
superseded by LHCb.

e ATLAS & CMS: Will make an important contribution in measurements such as
Bs— up and Bs—J/P, especially in the early running period. But by 2014
LHCDb precisions will completely dominate.

e PANDA: Can do charm physics, but cannot compete with LHCb in open charm
(i.,e. D mesons), neither does it aim to. PANDA focuses on spectroscopy and
QCD.
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Unique properties of P(3770)—DD

e [nput for many different B*— DK* modes. Transforms otherwise
limiting systematics into small statistical error in high-precision y
measurement. Need a measurement for each D decay mode.

e |[nvaluable input to charm mixing and CPV measurements.

e Unbeatable precision on charm form-factors as precision test of Not clear this
LQCD (essential for [Vub|), and/or |Ved| for UT constraints from &x. will be done,

e Current values (CLEO-c) mostly statistics limited. Large number of
Important measurements, just one typical example:

but would be
very
worthwhile.

_ 11| Super-B at :
CLEO-c |BES-II OETT0), Important input
stat ® sys | stat |, stat for:
cos(oXP) [ 0.24 @ 0.06 | 0.06 | 0.03 D mixing and y

Jonas Rademacker
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