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Search for New Physics in the Flavour Sector

New Physics are corrections to Standard Model processes:

Standard Model New Physics
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What is the scale of Ay p? How much different are C'yp and C'qps?
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| oss of Naturalhess = Gain in Flavour

» Before LHC Ay p ~ 1 TeV seemed “naturally” to

reduce “fine tuning” of the EW energy scale.

» Absence of NP effects in flavour physics (even before LHC)

— “fine tuning” in the flavour sector (MFV)

» As LHC pushes the energy scale of NP /\(}fuﬁl ,M_SS’ L"i = F'M Gaia,

higher, hypothesis like MFV less likely /’;— A ‘:@jﬁ
Y. & e A
— chances to see NP in flavour physics TV 4 L a# ealke jl«j M;ui
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CPAST A WIDE NET

N. Arkani-Hamed
Intensity Frontier Workshop, 2011
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Direct CP violation in B decays
Measurement of CKM angle ~y
CP violation in B mixing
Tensionin B — D™ 1.

B lifetimes

(Very) rare B decays

Charm physics

vV v v v v v v Y

Production & spectroscopy
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Time integrated CPVin B — K

CDF (CDF public note 10726: 9.3 fo— 1)
Acp(BY — K+t77)=-0.083 4 0.013 4= 0.003
Acp(Bs — K~ m1) =+0.22 £ 0.07 £ 0.02

LHCDb (PRL110(2013)221601: 1 fb—1)

Acp(BY — KT7™) =-0.080 & 0.007 = 0.003
Acp(Bs — K~ 71) =+0.27 + 0.04 4 0.01
first observation of CPV in By

D — Kr /KK decays used to get kaon detection asymmetry

Test SM prediction (PLB 221(2005)126)

A — Acp(B°=Kfr~) | BR(BooK —rt)
— Acp(Bs—=K-—nt) " BR(BOSKTr)

LHCb: A =-0.02 4+ 0.05 £ 0.04

New LHCDb results for time dependent CPV in B?S) — hh (penalty of tagging at hadron colliders)
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--- Multibody B decays
[ ] Combinatorial bkg

54 58 5.8
m,.. [GeV/c?]

e B T e
55 586 &7

K invariant mass [GeV/e®)

B-+3-body
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v inTrees: B — Dh

B _ _
u u U,
r, =0.08

— color suppressed

» B — DK still most important channel to measure -y

» study D/ D meson in final state accessible to both to achieve interference
unknowns: g, 0B, 7Y, T'D, O (r: ratio, §: strong phase)
— simultaneous analysis of several modes
» GLW: CP eigenstate (e.g. K™K, 7 77);

» ADS: common flavour state (e.g. K Tn~, K13, ...); no flavour

tagging
» GGSZ - “Dalitz”: self-conjugate 3-body final state (e.g. K ghh)

Stephanie Hansmann-Menzemer 6



GG ~ in Trees: B — Dh

K*~ ¢
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model independent GGSZ

iy -k -’ =k !

» Variation of strong phases over

=y [X] w 'S (] )

Dalitz space from CLEO ...

N B S 08 17 15 N
mZ... (GeV?ic) m,,. (GeVic
0 — 0 g pe=
(Phys. Rev. D 82 112006) D — Kgntn D — KgK™K
;\.lU.3""I""I""""""f""
- LHCb Preliminary | 5
sl R A o
» 4 observables: Tl e evcaenm| T I [ oy
<) 1 20 ]
=1} 27 _ by 27 |
x4 =rgcos(dgp £vy) *7 BT . &%
yi:TB Sln((sBj:/)/) lj ) 1: :
02F B | -
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X

LHCb-CONF-2013-004 (2fb—1)

At B factories, this method is the most powerful way to measure !

Stephanie Hansmann-Menzemer 7



~: Combinations

1

- EEEEEEILEES
Q LHCb
LHCDb result (LHCb-CONF-2013-006) 0.8 .
v = (67 £ 12)° e F
_ 0.4} N
rp=(9.2+0.8) x 1072
0.2 .
0p = (114173)° >’ %
00=20 40 60 80 100 120 140 160 180
+15y0 YUl
Belle: v =(68_; ) BaBar: v = (697L )
(without new ADS result shown at this conference)
a1
[ .
*ogl combined
0.6 GSZ S
$Q1 .\'
04} GLW/ADS &K 6‘\\
"""""""""""""""" ARN
0.2+ (’\\' Zox
SRR (A TN V. Wik SR Q &
AN , NN
00 20 40 60 80 100 120 140 160 180 & (Q@
1 (degree) 150 100 -50 0 50 100 150 Q\ @
y (deg) @ 60
arXiv:1301.2033 Phys Rev D 87, 052015 (2013) 06 QJ‘ZJ’
S (,}@

Prediction UTFit: -y = (68.6+£3.6)° CKMFitter: v = (68. 0+ ) *
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B. — B, Oscillation

Vts th
weak elgenstate 7é mass elgenstates t h
S
two eigenstates with diff. mass and width B B
S S
(5 parameters: m, I', A", Amg, ¢s) b — S
. L
_ _ V V
discovery in 2006 th ts
iy iy B {: .
n | precision measurement 2013
o 1 T o (stat. onl j I‘
Ei /8\_ | ‘ 1 ) ° Tagged mixed
< S . ‘? ‘-_ 3, o Tagged unmixed
1 R E LA —— Fit mixed
“11° cDF winter 2006 B = _ _
| ) (VY T & MR Fit unmixed
5 i
PRL 97, 24 2003 (2006) (1 fo— 1) 5 200/
2 I fdaatic D@ Run Il i
é 4jl:idatatl.6450(stat.) /\
g r data + 1.645 o (stat. 0 syst. 1 D B
& 25- (,w.,-, _______ )'.,.--Jr{'l}'*iHl ”h.” 0L —_— e —— EE—
O;xnr.--.-.-a-i'w'ﬁiﬁ'f*'ﬁHﬂﬂ'ﬁ'}ﬂ“ﬂ..;:Nﬂﬁ.m, 0 1 2 3 - 4
T et o decay time [ps]
-4 95% CL limit: 14.8ps 4
oo Eeecedimiciatps | New J. Phys. 15 (2013) 053021 (1 fo— 1)
0 5 10 15 20 25

Am [ps™]

Phys. Rev. Lett. 98, 121801 (2006)
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B Mixing Phase ¢

Access to phase via interference of mixing + decay B >
S
and direct decay into a CP eigenstate f \ /
(e.g. Bg — J/\I!K+K_ - mixture of CP eigenstates, angular analysis needed, E
BY — J/vmT 7w~ -CPodd 95% CL) s

Vts ¢ th
SM expectation (Phys. Rev. D84 (2011) 033005, http://ckmlfitter.in2p3.fr): 5 S § § b =
PSM ~ —2arg(VisVys /Ves Vi) = —0.0364 £ 0.0016 rad E - s

th Vts
measurement of modulation observable: sin ¢ X sin Amt

In decay time distribution

For B, B,

Important tools: [Monte Carlo

: - . SM x 10 for
flavour tagging, 3 \ visibility]

decay time resolution

& angular analysis

Proper time (ps)
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B, — J/v¢

CDF DO LHCb ATLAS CMS*)
[ L1 9.6 8.0 1.0 4.9 5.0
# Bs — J/YKK(fo) 11k 5.6k 27.6k (7.4K) 22.7k 14.5k
eD? 0S [%] 1.39 4 0.05 2.48 4+ 0.22 2.294-0.22 1.45-+0.05 -
eD? SS [%] 3.541.4 - 0.8940.18 - -
ot [fs] 100 100 48 100 -
Reference PRL 109(2012) | PRD85(2012) | PRD87(2013) | ATLAS-CONF- | CMS-PAS
171802 032006 112010 2013.029 BPH-11-006

ATLAS untagged result

* cMS: AT only: 0.048+0.024+0.003 ps 1

ATLAS tagged result

] L L B L B B B O . o0 L o L e e e e

7 0148 sroomraner b asbes Demmer ] uncertainty on gb s Word Wttt T e
—_— [ Al constrained to > 0 --90% C.L. —_ C --90% C.L.
» F ~-95% C.L. o r imi 959
= 0.121- ATLAS & Standard Model | = 0.12- ATLAS Preliminary P ]
g F N AT =21 joos(6) ] . g F Vs=7TeV : Stangard Model :
ot J‘ LE: Z_gef\tf-l Wous cos| ws; Im p roved by 40% ot J—L a0 AT = 2I lcos( fPS);
0.081- N 0.08" .
004~ A0 = 0.04- ]
002 /) /L A 0.02- ]
AT e B o T Y
-15 -1 -05 O 0.5 1 1.5 15 -1 -05 O 0.5 1 15
¢ [rad] Y [rad]
JHEP 12 (2012) 072 ATLAS-CONF-2013-039
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LHCDb result (Phys. Rev. D 87 112010 (2013) - 1fb—1):

¢s =0.01 £ 0.07 + 0.01 rad
AT, =0.106 4+ 0.011 + 0.007 ps !
[, =0.661 -+ 0.004 + 0.006 ps "

Results
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di-muon asymmetry (BY + Bj)

B > B -
B > U
B > B -
+
B > U
_ NptpH)—Np—p)

DO a%

-0.02—

Preliminary

0.04 (===

I Combination
* Standard Model

7] DO ag
~ Doa

AP )68%CL.

2P ) 68% C.L.

-0.04

20,02 0 002

P(B, — By) # P(B; — B,)

semileptonic (untagged) asymmetry:

s o NutDM =N DM
(g X - O
N(utDs”’ )+N(u=Ds’™")

0l o N(ptDW=)—N(u~ D)
sl =5 N(utD®=)+N(u— D)

assuming no production asymmetry and

no CP in semileptonic decays

PRD 86, 072009 (2012), PRL, 10, 011801 (2013),
PRD 84, 052007 (2011)

DO only results:
Acp =(-0.276 4 0.067 & 0.063)% (9.0 b~ 1)

3.9 0 = 0.33% compatible with SM

s, ag; as well not compatible in NP models ...

expected sensitivity of 10.4 fo— 1 analysis:
Ac p = (xxx &£ 0.064 £ 0.055)%
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LHCD

P(B, — By) # P(B; — B,)

LHCDb: pp collider — production asymmetry

A :N(D;u+)—N(D;u—):a_Zl+[a _ Gy
meas T N(Dg wt)+N(Dgpm) 2 T pred 2

due to fast B, oscillation time integrated aﬁl measurement possible (ks = 0.2%)

however for agl time dependent analysis required (kg ~ 30%)

»70.02
a¥; = (-0.06 =+ 0.50 + 0.36)%

LHCb-PAPER-2013-033-001

d

single most precise result on a;

-0.02F

using partial reconstructed

LHCb

B — D*{v + kaon tags:
d _ +0.36
a, = (0.06 + 0.167735)%

-0.04

-0.04 -0.02 0 0.02 _
d Babar: arXiv:1305.1575
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Summary of Vi,

Access to V,,; via inclusive semileptonic

decays, exclusive semileptonic decays Vio
or fit to CKM triangle (sin 20)

030 71“"3, T A e Ip»-valueﬂ)
T T T T T | T T T T | T T T T T T T I T T T T I T T T T ; ] :j
( BLNP [ HFAG world average , L e ] z o= el
i E. >2.0GeV,sf*™ < 3.5GeV o e 1 Hos
S o [ E.>1.9GeV,s"™ < 3.5GeV? O ] € ! / 1 Bos
] | =-_—=-==—=—= = -« - - - - - - - - = = = = = - ser T Hos

g ‘B DGE [ HFAG world average ——p—— ] sk 1 Rz

- 3 < [ E. >2.0GeV,s™ < 3.5GeV? - N - m .

E g | Ee > 1.9 GeV, Sﬁmx < 3.5 GEVQ T | o.non_;‘ e e e e I;u 00

——————————————————————— sin 28

-C% = ADFR [ HFAG world average —_—— |

0 * gE > 20 (ée\\/f SR <35 GeV22 — 8 H ICHEP 2012
\ I e > 1.9GeV, sp" < 3.5GeV" ——0—— _

(= = = = = = = e = SO - - o ] BEL
Bonlv HFAG world average — g—— LE result
é? : [Phys. Rev. D 86, 092004 (2012)] O : on BR(B+ — 7-]/)
v s e ol o e Rl 0 |
13‘0 Botv | HFAGworld average — ——— — — (PRL 110 131801)

@ CKMFitter : —— : oso 90 pevalue
g UTFit | —— | i i 0.9
[+2) | o 1 [Hos

< P PRI PRI P R R I T N SR I N N \7 Yy a1 o7
2 2.0 | 3.9 4 4.5 b [ il
o 0.157— | 0.5
IV 1x10° B 1 -
plot from talk from F. Bernlocher ub ‘ A,
0.05;—% —: o
Y 06 n.7sm ZBM 0.9 10

tensions decreased with recent data

Stephanie Hansmann-Menzemer 15



B — D® 1y

O\ D(B=DWru)
R(D( )) _ F(B%D(*)M)E:e,u

f- )
B—D r‘vt
s
+ +§
+ average
m |
PRD 85, 094025 (2012)
IS—)Dt*vt
_|_
——
_Belle averages by A. Bozek

0 0.10203040506 070809, 1
R(D'")

3.4 o deviation from SM

PRL 109, 101802 (2012), arXiv: 1303.0571 private combinations

3.3 o deviation from SM \fa\}l‘
updated result on full data set to come soo&\’s'

.QQ
combined BABAR + BELLE: 4.8 o &Q}\
@0
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LHCDH

Lifetime Measurements

arXiv:1307.2476 - 1fb— 1

Lifetimes are insensitive to BSM effects

— test of QCD predictions; probe of HQE

theoretical predictions:

"Bs _

B+ _1.0640.03:

T
1.0040.01; -2b =0.884-0.05

|| T i\l T ] EXpCI‘ianl
12+ \._._. " LHCb Preliminary (2013) [J/hypK']
\\;_._. 4 CMS Preliminary (2012) [J/yA]
10k i ATLAS (2012) [JAyA]
T J
P D0 (2012) [J/wA]
------------------------- a -K--------I-
sk —— CDF (2011) [JyA]
> ]
—5\w 1 CDF (2010) [Alm]
6F S T DO (2007) [J/yA]
N E
—_— 3 :
\\ 1 DO (2007) [Semileptonic decay]
4 \ 1 DLPH (1999) [Semileptonic decay]
—_— 1 ALEP (1998) [Semileptonic decay]
i p ¥
4
2F \ 1 OPAL (1998) [Semileptonic decay)
. ] CDF (1996) [Semileptonic decay]
Ullllllltllr\llll
1 1.2 1.4 1.6
7(Ap) [ps]

predictions using WA of 7(B9)
(plot from B. Pal)

Contours of A(logL) = 0.5
= 0.25 g 0
En HFAG T(Bi’ — J/wfo)
f=2 &
i 4
L‘f 0.20 §
< $
0.15¢ g
R A
%%
0.10} Combined &
Theory
0.05}  Bi—J/vg
Measurements
7(B? - KTK")
0.62 0.66 0.70 0.74
I's[ps]
0,
— 0.1
;‘ 0.1
- am Tvh 1 T\][\illlll(‘;j; \.\ [T_)r,; ps
0 Em Trek- = (1455 & 0.046 £ 0.006] ps
0.4 i \ r li:\% ='L|-|‘.\-‘ m' : "
180 135 90 13 i [éeg] 1 5 ‘

7(Bs — KK) = [1.45540.04610.006] ps

[Phys. Lett. B716 (2012) 393-400]

T(Bs — J/WV fo) = [1.70010.040+0.026] ps
[Phys Rev. Lett. 109.152002 (2012)]

Fleischer, Kneigens [arXiv:1209.3206]

Stephanie Hansmann-Menzemer 17



b — s Transitions

General description of Hamiltonian in operator product expansion:

4 G i o ].._ TIEE .
. F % ’ ' i = 3-6.8 Gluon penguin
Her == Ve 2L G0+ Cia0iGy) J|i=7" mommmmn
i left -hm;‘;ied part right -hu:;ded part i=S Higgs (scalar) penguin
suppressed in SM i=pP Pseudoscalar penguin

/ / /
b — s transitions are sensitive to Oé ), 05(9 )’ O§(3)

%%

BY — K*¢1 /¢~ is the most prominent (arge statistic and flavour specific) candidate

Studies in statistical limited By — opu™u ™, Ay — Aptp~ started ...
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Angular analysis

forward

backward
One very famous variable:

~b *9
App x —Re[(20577 4 %Cgff)Cm] A)( %‘

Introduce 3 relative angles to describe angular distribution of final state particles.

Folding ¢ — ¢ + wif ¢ < 0 Increase sensitivity for some coefficients.

eg. App = %(1 — FL)A¥e

1 adr+1mn 9 3{1 Fy)sin? 05 + F 2 _|_1(1 Xy st 26
I'dcosfpdcosfy dp  32m [4 — SR TR EK LR RT3 L)sin Uk cos 20y

1
— Fr cos® 0y cos 20 4+ —(1—-F A,(?) sin2 Oz sin” 0 cos 2¢ +
L K £ 2 L 1 K £

\/FL(l — Fp) P, sin 26 i sin 20, cos ¢ + \/FL(l — Fp)P: sin 20 i sin 04 cos ¢ +

e FL)AR, sin® 0 cos 8, + \/FL(I — Fp) P/ sin 20 sin 6 sin ¢ +

Fy (1 — Fy)P. sin 20 i sin 26, sin ¢ + (S/A)g sin? 05 sin® 6 sin 2¢
L L) Py K ¢ K ¢

New: alternative folding give access to form factor independent parameters

(arXiv:1106.3283, arXiv:1106.3283, arXiv:hep-ph/050206, arXiv:0807.2589, arXiv:1105.0376)
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BY — K*€T¢~ angular analysis

Some example distributions:

dB/dq? [107 x ¢4 GeV?]

[a]
L
<

-®- LHCb -& CDF
15—

Theory M Binned

—¥ BaBar - Belle

CMS

oo |

0 5 10

Theory HH Binned

15 20
q2 [GeV?/cY

-&- LHCb =& CDF

=¥ BaBar - Belle

== ATLAS CMS

10

| .
OHIIII Ll L
a1

15 20
q2 [GeV?/c4]

Theory HH Binned

-¥- BaBar -# Belle - ATLAS CMS

-

LL

-~ LHCb -& CDF
I—r—

0.8
0.6f
0.4

0.2k

0 5 10

CMS: CMS-PAS-BPH-11-009 (5.2 fo— 1)

ATLAS: ATLAS-CONF-2013-038 (4.9 fo— 1)

0'....|....|....

5 20
q2 [GeV?/c4

BELLE: Phys. Rev. Lett. 103 (2009) 171801 (605 fb_l)

BABAR: Phys. Rev. D73 (2006) 092001 (208 fb—1)

CDF: Phys. Rev. Lett 108 (2012) 081807 (6.8 fb—1)

(results from CDF Public Note 10894 (9.6 fb_l) not included)

LHCb: arXiv:1304.6325 (1 fb—1)

Very good agreement with theory predictions!
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LHCD

New Observablesin BY — K*utpu~

LHCb-PAPER-2013-037 o
Very good agreement in PP, Py, Pq

o
o.8|- LHCb SM Predictions

'
8

;l-m g;_;l_ LHCbI SM Predictions

L ps
0.6

ot B —+—+--+i—; B ot

o= — 0
-0.4 : + : -0.4 -0.4-
-0.6 .—*— | - -0.6~ -0.6—
0.8+ - -0.8— -0.8—
5 T o 5 10 5 20 o 5 7 5 20
q? [GeV?/c?] q? [GeV?#/c? g2 [GeVZcY)
- - /
some tension in 5 (3.7 o):
o T —— te AT
o — - Q. L redictions )
g'i LHCb SM Predictions g'i LHCb SM Predict
0.4 —‘i" —+— Data = 0.4 + pata =
0.2 — 0.2 —
O— »—|[— I et L L R Rl — Q[ —sm—sumi—n 3 s R ~— Discussion at EPS
0.2 —+— — 0.2} — ) )
ol | il | resulted in an article:
0.6~ —+— - -0.6|- - Descotes, Matias, Virto
-0.8— - -0.8- - _
AR et i - PR q < ; L = i ; ! : i i ] arxXiv:1307.5683
5 10 15 20

q? [GeV?/e%] q2 [GeV?/cY

0.5% probability to see such a deviation with 24 independent measurements.

Stephanie Hansmann-Menzemer 21



- ID>

Lo Inclusive B — X .¢/ Decays

Less theoretical uncertainties for inclusive B — X ¢/ analysis,

statistical uncertainties comparable

36 (18 X 2) modes studied ~ 140 B — X,ete +

20 (10 X 2) modes used for final result ~ 160 B — X3M+M_ candidates
= 50% of all X

107 @ Data
' O SM (b=>sll)

Fa. )

t

ol
o 5 10 15 20 25

o? [GeV?/c*]
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Quest for B?S) —

Start in 1984 by the CLEO experiment ...

PHYSICAL REVIEW D VOLUME 30, NUMBER 11 1 DECEMBER 1
Two-body decays of B mesons

B. Search for exclusive B © decays
into two charged leptons

Our search for the 77~ final state is not sensitive to
the mass of the final-state particles, provided that they are
light, since the mass enters only in the energy constraint.
Therefore, the upper limit of 0.05% applies for any final-
state particles with a pion mass or less. When the final-
state particles are leptons the limits are improved by using
the lepton identification capabilities of the CLEO detec-
tor."* For the decay B °—u*u~, we improve our limit by
requiring that both muons penetrate the iron and produce
signals in drift chambers. We find no such events. After
correcting for detection efficiency (33%), we set an upper
limit of 0.02% at 90% confidence for this decay. We im-

SM expectations (FCNC and helicity suppressed):
+,,— = -9
BR(Bs — pTp™)=334+0.27 X 10 Buras, Girrbach, Guadagnoli, Isodori, Fleischer, Kengjens

BR(BY — putpu—)=1.07+0.10 x 1010 Eur Phy J. C72 (2012), 2172 + arXiv: 1303.3820

time integrated BR taking into account AI's 70 (to be compared to experimental results)

BR(Bs — T pu™)=35640.29 x 1079
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Quest for B?S) — T

-

90% C.L. Upper Limits

LHCD: Phys Rev Lett 110 (2013) 021801 (21 b~ ") &  F° = ]

T CMS -E

CMS: J. High Energy Phys 04 (2012) 033 (5.0fb 1) % . feien :
o 6

ATLAS: ATLAS-CONF-2013-076 (5.0 fo— 1) m . g E

CDF: Phys. Rev. D 87, 072003 (2013) (9.7 fo— 1) 107 Sy (e |

DO: Phys. Rev. D87 07.2006 (2013) (10.4 fo— 1) 10 " v ]

10° [ | ]

CC: two central muons

CF: one forward muon

10 % 4; E= Signal region events >
§ 0.987 <v, <0.995 v, >0.995 s 35?@ Cg)ntrol region events %
L ] o . 1 E BNBg - upSMx5 2
> Bs -1 -~ F — Background estimate T
4] E 12} £ -
2 £ 250 D@, 10.4 o™ i
N 2] - [} C
> e . A | B,
g o] 0.987 <v, <0.995 v, >0.995 3 15;
m .
S ] Background C
5 6 1L T
% o] W +signal (SMm) E : B s
O 3 i 0.5t ST B R - ==
Y ol e RNy %800 5000 5200 5400 © 5600 & 5800
0 9.9 5 5152 53 5455 56 57 5.8 M, [MeV]
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418 Bu

My, (MeV/c?) M(up) (GeV)

95% CL:
BR(Bs — ptp=)<3.1x 1078

95% CL:
BR(Bs — pTp~)<15x 108

95% CL:
BR(Bs — utpu—)<15x 1078
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Updated Results

arXiv:1307.5024

» 21 -—30fb 1

» more variables in BDT

expected sensitivity: 3.7 — 5.0 o

LHCD

g g T — 1 E
S = —— Full PDF
> 14 L - - Combinatorial =
§ - e LHCb :
B 4 E
12 =l BY #+#— =]
3: e — BY gt J
— o ]
10 s BO . 70,—p+ =
E - c- By hth— ]
< = E
S - .
=
= o =)
= & -
<] L )
E__ T T T 1 .

e O e :
5000 5500

2
m.. [MeV/c?]

BR(Bs — putpu™)=@29 71 j(sta) ) 3 (syst)) x 1077

— 40

BR(BY — utp™)<7.4 x 10710 at95% CL

2.4

BR(BY — putp~)=@37 15 (stay T S (syst) x 10710

— 200

» 50— 25t !

» cut base selection — BDT

» new & improved variables (PID)

expected sensitivity: 4.8 o

CMS-L=5fb"{s=7TeV,L=20fb" {s=8 TeV

— — —
[e2] =] (=] 1+ L
T L T T T T[T 11

S/(S+B) Weighted Events / ( 0.04 GeV)
Py

(=] 1+
TT T

— 430

—4— data

— full PDF
ng_u‘_u'
5 B oty
-==== combinatorial bkg
--+-- semileptonic bkg
=== peaking bkg

m,, (GeV)

arXiv:1307.5025

BR(Bs — putp~)=307159 x 107°

BR(BY = utp7)<1.1x 1079 at95% CL

— 200

BR(BY — ptp)=35724 x 10710
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Combined LHCb + CMS Result

Observation:

BR(B; — uT 1) =(2.9+0.7) x 1077

BR(BY — putu™)=3.671% x 10710

—1 M
D004t ' CDF 10fb" I E=SM
CDF 10fb™' |- I . {
ATLAS 4 91 . LHCb 3fb ' |~ I . |
preliminary h
-1
LHCb 3t CMS 25fb ' | I - |
=SM
CMS 25fb ' |-
CMS+LHCh i . )
C[‘sr:isu-xrll;ﬂr(:b | preliminary [ ! '
p ¥ voa o ey o by e e v o by va byw o by ey Uy v w by sy by oy 1y P PRI T U S U NS S T S R T T SR N SR
o 2 4 6 & 10 12 14 16 18 20 22 0 1 2 3 4 5 6 7
B(BY— ') [107] B(B'— pu) [10]

LHCb-CONF-2013-012, CMS-PAS-BPH-13-007
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D*+ — DO 17+ /IT?;: D° C?‘ wrong-sign events
~ DO R

K+t

. DCS__~

Ry (t) = Nws(t)

Nprs(t)

decay

no mixing: z =0, y/ =0

clﬁ'\ — BaBar

o

i 15 I — Belle

S

">‘ LHCb
—CDF (9.6 0™

Charm Mixing

D* — DOt m—)ﬁoﬁ right-sign events
., DO K-t

_ oy e 42
= Rp+vVRpy t+%>1

interference

mixing

CDF: 6.1 0: CDF Public Note 10990,

LHCbh: 9.1 o;
Babar: 3.9 o;
Belle: 2.0 o;

x10°% CDF Run Il preliminary L= 9.6 fb™

9

[ ® Data
8} —— Mixing fit

[ ------ No-mixing fit
7%

[ —— Prompt fit projection

Phys. Rev. Lett 110 (2013) 101802

Phys. Rev. Let 98 (2007) 211802

Phys. Rev. Lett 96 (2006) 151801
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AAcpin D — hTh™ decays

I(D°—hth=)—T(DO—hth™)

A — =
CP = T(DOSh+h—)4+T(DO—hth-)
Two ways to tag flavour of DY with soft pion tag: muon tag:
complementary systematics: D* — D'zt BT DY~ X

Detector and production asymmetries hard to control at that level, thus use trick:

Araw = Acp + Areco tag T Aprod
AAcp = ACP(K+K_) — ACP(W+7T_) = Araw(K+K_) — Araw(ﬂ'—'—ﬂ'_)

T I T T T T
BaBar

LHCb: AAcp = (-0.15 £ 0.16)% CDE §

Belle
(LHCB-CONF-2012-003, Phys. Lett B 723 (2013) 33) o
LHCD preliminary (pion tagged)
LHCb (muon tagged)
1.0 fb!

WA: AAcp = (-0.33 = 0.12)% World average

1
AAgp (%)
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Further Direct CPV in Charm decays

new @ EPS2013

LHCDb (arxiv: 1303.4906v2):
A(DT — ¢m™) =(-0.04 = 0.14 £ 0.13)%
Alg(DT — ¢mt) =(-0.18 4 0.17 £ 0.18)%

A(DT — K% t) = (+0.61 £ 0.83 + 0.13)%

Babar (Phys Rev D87 (2012) 052010)

A(DT — ¢rT) =(-034+0.3 £ 05%

Belle (Phys Rev Lett 108 (2012) 071801)

A(DT — ¢r™) =(0.51 & 0.28 4= 0.05)%

Further studies (LHCb-PAPER-2013-037):
DV 5 K~ Ktn—nteaD? > ngtrta—

no evidence for asymmetry found

1 A C B D
A‘S — §(A7’aw + Araw o Araw o Araw)
T108F I 4000 5
= s <
L LOTE 3500 T
S6E A £
D106 3000 é’
~105F 2500 ©
- i =
1.04 ‘ 2000 =
— =]
L LO3E 1500 3
D C g
1LO2E 1000 -2
1.01F LHCb 500 2
1: 1 1 1 1 ﬂ
I 1.2 1.4 1.6 1.8

m? (K'n") [GeV*/c]

5 o bk
e 02| 4’\66
o<o r —’— CD\Q\QQ
0.04 [ 6®Q‘&\6
0 05 NN
|cose; ™S @ Q}"o
S
R
X O
N\
Q

Belle (JHEP 02 (2013) 098)

A(DT — KsKT)=(-0.25 % 0.28 & 0.14)%
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Summary

Flavour physics plays an important role in the search for New Physics!

despite or due to no unambiguous New Physics signal has shown up yet

LHC is a flavour factory!

A lot of world best results: B?S) — ptpt , v, Amg, g

» Many competitive results still coming in from Tevatron, Babar & Belle

» No striking hint yet, but some tensions exist

/ Jew
» P from K*u™ p~ analysis (LHCb)

» rate of B — D)7y (Babar & Belle)
» A, (DO)
» CPVin charm

» Lot's of more data and results ahead of us!

» Lot's of additionally results not shown in this talk
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