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LHCDb Physics Program

Search for New Physics (NP) which may appear in CP violation or in rare decays
mediated by new particles at high mass scale — via their effects in loop diagrams
(e.g.: compare CKM quantities determined in tree and loop process)
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Approach complementary to direct searches in ATLAS and CMS: once New Physics
discovery will be made, its non trival flavour structure has to be determined

~ tan®B

E CPV B, oscillation phase ¢, , asymmetries (a)
CKM angle vy in tree and loop mediated decays
Mixing and CP Asymmetries in charm decays

B Rare decays Helicity structure in B; > K'uu , B, 2> ¢y
FCNC in loops (B, 4 2 uw, D 2 puw)

+ b and c production studies, spectroscopy, forward electro-weak physics, exotica, etc ...
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LHC : Direct versus indirect searches

Any extension of Standard Model found in DIRECT SEARCHES must comply with a
non-trivial flavor structure: Flavor is a key ingredient of any BSM theory

The absence of FCNC already now sets strong constraints on the multi TeV-scale
physics (higher than those found in direct searches so far, even forseeable at LHC)
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CP violation Oscillations Oscillations Oscillations
in Ksystem and CPV and CPV in D system
in B; system in B, system

This technique has been used since a long time in particle physics with great sucess

B. Adeva, University of Santiago de Compostela XXIX®™ Int. Workshop on HEP Protvino 26™ June, 2013 3



A b-quark production at LHCb

Gluon-Gluon-Fusion: '
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bb Production

P; of B-hadron

n of B-hadron

B. Adeva, University of Santiago de Compostela

Cross section predictions (PYTHIAS)
Oinelastic ~ 70 -80 mb
O, ~ 500 ub [14 TeV]

c qat7 TeV ~280 ub

measure

(~ 75 ub in LHCb acceptance) PLB 694 (2010) 209.

All b-hadrons species produced at LHC
(B, B% B, B, A, ...)

Operated since end of 2011 at 4 10?2 cm2 s°!
(design luminosity was x 2 lower)

pileup with 50 ns bunch spacing < pu >~ 1.7

~ 3 KHz of bb events in LHCb [7 TeV]

LHCb acceptance 2<n<5

ATLAS and CMS: [ n|<2.5
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The LHCDb apparatus at 8 TeV pp collisions

I
Brasil, China, eca muon

France, Germany,
Ireland, Italy,
Netherlands, —
Pakistan, Poland, v b
Romania, Russia,
Spain,
Switzerland, UK,
Ukraine, US,
CERN

magnet  tr5cker

~ 60 institutes
~ 750 members

> 100 papers rich2

VELO: 21 (R+o) silicon station RICH2: CF,

RICHI: C,F,, + AEROGEL CALO

Tracking: Si + straw tubes + 4Tm
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First observation of B, 2 p'u decay

* absence of tree-level FCNC
Predicted to be very rare in SM * helicity suppressed

Precise prediction in SM: * CKM suppressed

* BR(B,>pu)=35+02 107 ; >
* BRBy>pp)=1.1£0.2 107

M E M t2 tan®p

Brssm(Bg — 1T17)

HYA° M3 B!
N "Golden channel" for New Physics effects
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Phys. Rev. Lett.110 (2013) 021801
e Rew LetTI0 (019 021801 With 2011+ part of 2012 data (2.1 fb!)
§ 141 B, LHCbH LHCb has got the first evidence of

; 107 0TeV) +1.1 6(8TeV) ] -
§ 12: B, ‘ anr>07 B, 2> pu decay at ~ 3.50
2 ”;; E B(BY — ptp~) = (3.2115) x 1079
5 o E in agreement with SM
%j ! ; "background only" p value ~ 5 104
s 4L E Also best limit on By > pp
Coaf + : 0 - 10—10
i i £ B(By — pup~) <9.4x10

B. Adeva, University of Santiago de Compostela XXIX™ Int. Workshop on HEP Protvino 26™ June, 2013



%Ié B = p'u constraining Supersymmetry

BR(B, =2 pfu) sets strong bounds on tanf, at least in CMSSM, and reduces the phase
space of Supersymmetry, complementary to direct searches. Higgs mass of 125 GeV
included, as well as other electroweak and XENON100 data. Some scenarios of new
Physics are removed. SUSY now confronted.
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BR predictions in the CMSSM and in the CMSSM with non-universal Higgs masses
NUHMI (right). Allowed region regions of parameter space at 68% and 98% CL
O. Buchmueller et al., Eur. Phys. J. C 72 (2012) 2243 [arXiv:1207.7315]
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109 x BR(Bg — pp)

B = u'u constraining SUSY and compositeness
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Large tanf with light pseudoscalar Higgs

in CMSSM is strongly disfavored. Straub arXiv:1302.4651
Now in the regime where more "natural" Analysis of several models
O(50%) NP effects can be probed with partial compositeness

Now vital to measure:

- BR(B; 2 p'p) down to theory uncertainty (a few x 10'%) p R(By—ptu™) f%s 5. |Vis|?

- BR(B; 2 p'w) to test "golden" relation between SM and BR(By—ptp—) ™ 12 B, |Vial? ~ 32
MFYV, distinguish between NP models @ 7
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The rare decay B 2 K* pu'e

CERN-PAPER-2013-019 arXiv: 1304.6325

Theory EEBinned
4 ——HCb

Theory EEEBinned

LL—’ L L o - T —rT .
Angular analysis in o8 HHep ] LHCD E
B > K(K'm)p'w °° 4 ; 43
sensitive to right-handed 04 ﬁ-
currents 02 ] 4_ E
In the Standard Model, Agg S il
! 4 P [GeVcH @ [GeV3cY
flips sign at a _
o Theory W Binned
well defined q2 pOlIlt, —e—LHCb o A +LHCb, ———
no hadronic uncertainties : < o4 LHcb 3 F LHCb :
a0’ =4.360.33 GeVa/et 4 1 , ]
of LI { [ % : - E——— :
; |74 b - s 4:).25— ] + — ]
‘ 0) & g I _0.4:_ M B B SR B ._'-' E
Vil . B ;. ’ ° N "o GevEIc] AP TP
H ® 10 15 , 20
" , t A, asymmetry : null test of 5 7 (Gevic] ,
S W g, g+ CP violation in RH currents qQp- =4.9+0.9 GeV
" § 5; Zero crossing point g, very sensitive to
g Flavour Blind MSSM models arXiv:0811.1214
. .. CDF, Belle, BaBar, ATLAS, CMS
Good agreement with SM predlctlons found existing measurements not shown
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B =2 K%*) uu- isospin asymmetries A,

JHEP 07 (2012) 133 LHCb g?-integrated measurements :
Definition A, : os Theory —e-Data
B(Bd_)K*0u+“—)_%B(B+_>K*+M+u—) g‘; B—)K*,u“‘,u' LHCb :é
B(Bd—>K*°u+u‘)+$%B(B+—>K*+u+u‘) - 3
0.1 E
0F =
puzzling non-zero value 4.4¢ 01F E
02F -
A, =0 in the SM ; sizeable (10%) deviations poid E
possible in only low ¢ (<1) 4,'_505. T S S .?.05
T. Feldman, J. Matias [JHEP 01(2002) 074] 7 [GeVY A
A(B2>K*pp)
Branching ratios are reported: 1 L S I
BR (B> KOp'iwr) = (0.31£0.08) x 106 - B—Kpn LHCb
BR (B™> K™ p'p) = (1.16 £0.19) x 10-¢ 0 }

: : -05
Previous measurements on A, exist:

PRL 102 (2008) 091803 BaBar
PRL 103 (2009) 171801 Belle ase b

: : 15 20
consistent with LHCb data. 2 [GeV¥ch
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Combined leptonic and semileptonic B decays
arXiv:1206.0273

Constraints on new physics

Measurements of B> upy, B>K'up, B2>X,Il, b> sy
set limits on the mass scale of non-SM contributions

4G
H = —_F
eff /2

Effective Hamiltonian relevant for b->sy and b—> sl*I-

V,Ve Y (CO,+C',0')+h.c.

~ loop level CKM-like
flavour violation

NP e osf
Re(C,™") 2t
0.8 05
R TR | S >
L=L - E ‘/tb‘/tse 0 E‘f‘ Eo,e gm
M 167% A2 > 2 2
Perh I i S0 < <03
Almannshofer, Paradisi, Straub i - ki
JHEP 04 (2012) 008 + updates ok
0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0
¢/ ¢of P10/ 7

O10 = (57, PLb) (I vsl) Og = (57, Prb)(Iv*l)  O7 = (80, Prb)(F")
Nothing with SM type flavour couplings below O(400 GeV)
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In the Standard Model,
electroweak penguin sensitive
to new Physics operators.

Numerous predictions exist
(see arXiv 1306.2577)

poor experimental constraints
on A, hadronic form factors

Originally observed by CDF :
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BR (A, D App) = 1.73+0.42+0.55) x 106

[PRL 107 (2011) 201802]

Differential branching fraction

is measured as function of ¢?(utp)

Normalization mode A, 2 J/yA

(2680+64 decays in LHCDb, 1.0 fb!)

Good agreement with SM within errors

B. Adeva, University of Santiago de Compostela

The rare decay A, 2 Ap'w

LHCb-PAPER-2013-025 arXiv: 1306.2577
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Iz The rare decay D° = pu

® FCNC in D% pu meson decays are extra
suppressed in the SM, due to the absence
of a high-mass down-type quark

@ Short distance perturbative contribution is
6 x10-!! | determined by known BR(D->vy)

@ Current upper limit from Belle :
BR(D2>pup) < 1.4 x 1077 (90% CL)

Models beyond the SM include R-parity
violation, and Randall-Sundrum warped
extra dimensions, with predictions ~ 10-10

D** triggers are used from direct production in
pp collisions, yielding 6201 + 88 D** - D'(a*n")a*
normalization events [0.9 b ]

Peaking background from D%(n*n)m" misid.
Combinatorial background from (b,c) semileptonic decays.
No excess is observed, upper limit given:

BR(D? 2 ptp-) <6.2 x10° at 90% CL

Factor > 20 improvement to current measurements

LHCDb-PAPER-2013-013 arXiv: 1305.5059
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Probes for New Physics in B, mixing

M,, mixing matrix sensitive to NP

CPV in mixing a* = [I';,/My,| sin ¢y, , @1, = arg(~M,/T'})

Mass difference: Am = my; — m; = 2|M,,|
Decay width difference: AI' =1, —I'} = 2|I"},| cos@,,
Phase difference between B>fand B> B > f

—
[ ]

Y
o

Y

C ? ~ (f: CP eigenstate), causing time-dependent CP violation

ii Bs(t)> _ M, M, 1
dr\|B, (1)) |\| My M, | 2

Golden channel: B, 2 J/y (ufn)¢(K*K-)  Decay amplitude A interferes with mixing

Iﬂll I-‘12
r’, T

12 11

® =-arg(\) A=p/q (Z&/A) Theoretically clean tree contribution

SM: @&, =2 B,=-0.036 +£0.002 (rad) sensitive to NP in B, mixing
[J. Charles et al. PRD 84 (2011) 033005 , A. Lenz, U. Nierste arXiv: 1102.4274]

precise SM prediction from global fit ignoring penguin contribution.

B. Adeva, University of Santiago de Compostela XXIX®™ Int. Workshop on HEP Protvino 26™ June, 2013
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Angular analysis from By = J/y(up)®(K 'K)
K'K P-wave: 0 (CP-even), || (CP-even), L (CP-odd)
Small S-wave amplitude: S (CP-odd)

dr

—5 - 2KOfO Q= @©,.6.9)
K, (t) time-dependent operators:
Re A, "(HA((t) , Im A, " (H)A(t)

Pure CP-o0dd analysis from B, = J/y(up)fy(n*m)
No angular analysis needed

PRD 86 (2012) 052006

I', and AT constrained to the result
from B, 2 J/y K'K-

Events /5 MeV
N O 8
8 8 8

"

-]
©

&
©

5400 5500
m(Ww=*x) (MeV)

B. Adeva, University of Santiago de Compostela

Candidates / (0.274 ps)

Candidates / (0.067 w rad)
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(I)Scas: 0.01 £0.07 £0.01 rad

AT ,=0.106 £ 0.011 £ 0.007 ps™!

XXIX" Int. Workshop on HEP Protvino 26™ June, 2013

Combined fit of B, 2 J/y K'K-and B, 2 J/y n*n - :



% ¢, and AI', comparison with other experiments

LHCb 1.0fb™ + CDF 96t '+DQ@ 8fb~ + ATLAS 491~

Hf_i 0.25 :' 1 I LI l 1 1 LI | r\l\‘ LI B | l 1 1 L L] l 1 1 L} l L I I | t
| - DO HFAG Bs
7, - \ .
o, 0.20 - , K -

. [ : 68% CL contours

— - : (Alog £ = 1.15) -

< 0.15F ‘- : LHCD ~
S AN .

010 ; ,q}(\)ombmed -

- \CDF isM ., | ]

0051 \ ./ /ATLAS ]

O- 1 1 | - l 1 1 11 ;‘l-:-:_l' I‘: 1 1 1 l 11 1 1 I 11 1 1 I-

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

@ S°8 [rad]

LHCb measurement is dominating world average.
No big new Physics effect is observed. Precision
improvement crucial to further test of the SM
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151 Precision measurement of B.— B, oscillation frequency

B, 2> D, n*
time dependent, flavour tagged analysis
D, decaying into 5 different

Very clear oscillation pattern
B, meson changes flavour ~ 9 times

final states (¢pn , KKn, Knn, ann) (x =AmyT{=26.9)
fla\:urlspeclﬂc %: | ® Tagged mixed
. - ; - o Tagged unmixed
(e o D; :; 4001 § — Fit mixed
L. % i % I | g e Fit unmixed
K o
i S -
i S 200
Time resolution ~ 44 fs =
Sizeble reduction of systematics: i
decay length and momentum scale B
O L | | | | | | | | | ] | | ) ]
Consistent with : 0 1 2 3 ) 4
World average [PDG, PRD 86 (2012) 010001] decay time [ps]
Am,=17.69 + 0.08 ps™’ _
SM expectation [A. Lenz U. Nierste, arXiv: 1102.4274] NJP 15 (2013) 053021 arXiv: 1304.4741
Amg=17.3 2.6 ps™' . .
Need better precision on hadronic parameters Most precise measurement to da

from latice QCD Am, = 17.768 * 0.023 (stat) +(0.006)(syst) ps-'
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Semileptonic CP-asymmetry

LHCb-CONF-2012-022 ! DO Dimuon \ Po

DO measured like-sign dimuon asymmetry:

++ —_

d s

a, = =~0.6a’ +04a
l — [ [

’ N;++Nb ’ °

and observed anomalous asymmetry:

0.02~
= (-0.787 £ 0.172 + 0.093) x 102 Do
a
| Prellmlnary LHCb a
LHCb pp collisions are not CP-symmetric — g‘gmwa
as pp are. However LHCb can measure 5 04| 2:.8;’ 120; gg; oL B
the time integrated CP asymmetry: B Combiation
e Standard Model

About 40K for each charge

as LB, =Du)-TB —=Dw) | |q
" T(B’—Du")+I(B’ = Du) p

‘2 -0.04 -0.02 0

® Leading systematics associated with efficiency ratio (D, p")/e(D"n),
from calibration samples

LHCb obtains : as,= (- 0.24 £ 0.54 + 0.33) x 102
Standard Model prediction : as;=(1.9+0.3)x 103  A.Lenz arXiv205:1444

B. Adeva, University of Santiago de Compostela XXIX™ Int. Workshop on HEP Protvino 26™ June, 2013
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First observation of CPV in B, decays

PRL 110, 221601 (2013)

Study of charmless B decays (interesting as they are penguin dominated)
Goal: obtain y from time dependent analysis and compare with y from tree

First 5S¢ observation of CP violation in B, > Kz decays (thanks to RICH PID capabilities)

B> Kn

300

o]
-
Jbg

|\|||\|I|||II|II\I|H

200 -
1 b b

[—— ga—
100 = B‘\g ! Raw asymmetry

- R = “NEy

- \\ - \\ J

.................. - = — §

of”,‘,,,\,\, - ol e Bl o B T —_ | N f T8 Ty SR eTewsT o
5 51 52 53 54 55 56 5.7 51 52 53 54 55 56 57 5.8
K7~ invariant mass [GeV/cz] K 7t invariant mass [GeV/cz]

After corrected for production and
detector asymmetries (small: ~ 1%) Ap=0.27+0.04+£0.01 (1fb! sample)

B, is the 4t" particle known to show direct CP violation after K% 464, B%20007: B*[2006]
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CKM vy angle measurement

Y = arg |- VudV*ub / (Vcdv*cb)]

The angle vy 1s the least known variable of the CKM unitarity triangle

Strong phase varies over the 3-body

DK rpe'®P
/ \ phase space. It has been measured by
Bt FKt CLEOc with quantum-correlated D9-D° data :
rge'(dp +7) / Phys. Rev. D82 (2010) 112006
DK™

=

. ~
|Bin number|

|Bin number|

mZ,, (GeV?ic?)
N

Giri, Grossman, Soffer and Zupan
(GGSZ) deals with self conjugate
3-body final states f =D

D - K, nnt and K,KK

Phys. Rev. D68 (2003) 054018 o5 T TS Tz 25
mZ.. (GeV?/cf) mZ,. (GeV?c?)

) N, =hp+[Kei + (22 + y2)Kui + 2/ K K_i(x1c0; Fy+545)]
X, = 1Ip COS(SB + ’Y) Y.=1p Sln(SB + Y) Ni, =hp-[Ksi+ (22 +y2)Ksi + 2/KK_ij(x_ce; £ y_s.;)]

c.= cos(Adp)

- N w -~ o o
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CKM vy angle GGSZ modes

LHCb-CONF-2013-004

Excellent signal/noise after constrained fit,
multivariate selection (BDT)
and PID requirements in RICH detector :

B* 2> (K'z'n), K= B* 2 (K'n'n )y
& 300F— T & ———
> LHCD preliminary | § 4000 n LHCD preliminary |
g jLdr=201fb" O jLdr=201fb"
> 3000/ -
— 200 — DK T —
= e Dt = ] —— Dr*
§ ' minn Combinatorial é) 2000 wmin Combinatorial |
:-c'z 100 ===s [ ow mass 7] _c'z == == | ow mass
E 2 1000 T
< < L
© . e cp o B o o o o . .

0 5200 5400 5600 5800 0 5200 5400 5600 5800
m(DKY) [MeV/c?] m(Dn*) [MeV/c?]

B. Adeva, University of Santiago de Compostela XXIX™ Int. Workshop on HEP Protvino 26™ June, 2013
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First observation of B"2 [n"Kn'n ], K" (5.70)
and B"2 [t Kn'n]yn* (100)
ADS suppressed modes [1fb! data]

LHCb

B —[rK'nn] K

Events / ( 10 MeV/c?)

LHCb _|

B 5[k nt'n ] K *

LHCb ] LHCb ]

ﬁh;{um dud g ; i

bl B

B*5[n*K n*n] " ]

yuwps Hioh gl ud]l

5600 5800

5400 5600 5800
m(Dh™) [MeV/c2]

Measurement of the suppressed-to-favoured B* - DK* amplitude ratio :
rp* = 0.097 £ 0.011 . Other observables also measured relating the partial
widths of B* 2 Dh*, essential to improve a combined determination

LHCb-PAPER-2012-055

of y from all B* - DK* modes.

B. Adeva, University of Santiago de Compostela

XXIX" Int. Workshop on HEP

Protvino 26™ June, 2013

First observation of suppressed ADS modes

22



% New LHCb measurement of CKM vy angle

LHCb-CONF-2013-006
Update of GGSZ analysis with 3 fb! Combined result :
at Beauty 2013. New combination with earlier | ..o6—r &0
: E LHCb 1 . 160- LHCb
LHCDb data from GLW/ADS (1 tb'!) brings o: iy | of peimay 3
. . 0.12; 4 120f E
a significant decrease of the error : 01- : DI R b) -
008 4 80F E
[9] F ] 60[ &
,.Y — (67 :i: 12) 0-06; 3! BoDK GGSZ E 40;: 3
0.04 ; |:| ;fb" B—DK GLW/ADSE 20;]:| 1fb! BDK GLW/ADS i
LHCb now world's most precise 0% w0 i e 100 T o
vI° vI°
“ £ ity |} LiCh et B = DK combination :
:I—l: :‘é‘ 2; ] % 2 i - ; q 1 i T T T T T T [ T T ! | T 7T :l T 1T 7T I T 1T T | LI | LI | T 1T 7T ]
= [ : ] ('-) Z LHCb 1
’g& 1k ] L 7 — 08 Preliminary — _|
/]\ L i - .
h B i
m 1 L 1 1 1 1 — —
1 2 3 1 2 3 | ]
m? [GeV?/ 4l m? [GeV?/ ¢4l 0.6 L 12 i
G B b tacopetimiy | 2 . LHC peiminay ] i ]
A %1'8; jLPdrzl.Oaf?‘,l? %l'sj N jLPdr:lOafrb}‘,‘_i 04 N 68 3% ]
'.M‘* %l-Gi ] ‘%_67 N 3 I L AT 141 5 USSR
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% Future on y angle measurement

More to come in the next years on y determination :

B Update analysis to full dataset, all modes (3 fb!)
B Until 2018 : collect up to 10 fb!

B v from loops induced processes

B Prospects for the LHCb upgrade (~ 50 fb'!) [arXiv: 1208.3355] :

vy combined uncertainty oy ~ O(1°)

B. Adeva, University of Santiago de Compostela XXIX™ Int. Workshop on HEP

Protvino 26™ June, 2013
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Mixing and CP violation in charm

® CP violation in charm is an important piece of the
Standard Model, and it is usually seen as a portal to
new Physics

® The discovery of non-zero O(10-2) charm mixing
and signals of CPV drew a great deal of attention to the field

® SM predictions are actually difficult due to long-distance
processes, and a strong theory activity has taken place,
both within and beyond the SM. CP-asymmetries would
be as large as O(102)

B. Adeva, University of Santiago de Compostela XXIX®™ Int. Workshop on HEP Protvino 26™ June, 2013
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DY mixing from prompt D** 2D t*

Based on ratio of wrong-sign to right-sign decay rates:

2 2 2
toxT+y (it
R(t)zRD+\/RDy—+— — PRL 110 (2013) 101802
T 4 T
D* > D*(K-n") n*, , D™ = D(K*x") n*, where pion charge tags D flavor
(8.4 x 10% decays) (3.6 x 10* decays)
><1|06””|””|”” x1|o3””|””|””
_12F 1 _or ;
S - LHCb * RS data < [ LHCb * WS data ]
> IF — Fit 1 2 8r — Fit ]
% 08 L B Background E I B Background -
S [ 1 S °or
2 06F 1z I
g L0 =
= 041 — 5
g : g
O 02 1 ©
of L ' - oL
2.005 2.01 2.015 2.02 2.005 2.01 2.015 2.02
M (D) [GeV/c?] M (D°r?) [GeV/c?]
50— : : ] 50— : : ]
o " © L .
5 o b sy 5 ol K el
S5 . . ] 5L . . ]
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DY mixing from prompt D** 2D t*_

LHCD [1.0 fb-1 (2011)] Phys. Rev. Lett. 110,101802 (2013)

x?=(-09+1.3)x10* Rp = (3.52 £ 0.15 (stat. + sys.)) x 103
y2=( 724 2.4)%x10° Result excludes the no-mixing hypothesis at 9.10

g x|10'-3' ] T T T ] T T T ] T T T I T T T r— I I ] ]

T = S i

-+ Dau ‘ = 2f LHCb
6.5 — Mixing fit E P

3.5

6F - No-mixing fit l/ 3 1.5¢ B

; E 0.5:_ 56 _:

E .:. L 36 4

- E O_— — lo } |
SE E .+ No-mixing i ]
3 ! .1...1...//...“: -0'5‘_.11..11.1..11..11.—‘
0 p 4 6 20 -0.1 -0.05 0 0.05

tt X [%]
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DO- DO oscillations - new HFAG averages

http://www.slac.stanford.edu/xorg/hfag/charm

:\0\ 1 5 HFAG-charm [CPVallowed ;\? 1 5 HFAG-charm ‘ no CPV
; . April 2013 \ ; . April 2013 \

o: of

- Hio : Hio

: Liﬁ ; §oe
05 e L O R 1

05 0 0.5 1 1.5 —05 0 0.5 1 1.5

X (%) X (%)
() = (0.49%515)% () = (0.497018)%
(yy = (0.66+0.09)% (yy = (0.74+0.09)%

Mixing parameters rotated by strong phase difference
between CF and DCS :  x'=x cos(0) + ysin(0) y'=y cos(0) — xsin(o)
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AAp from DY = h™h- decays

Time dependent asymmetry for D? decays to a CP eigenstate :

A (f.t)=r<D°<t>ef>—r<ﬁ°<t>e f) _
T () =)+ (D () =)

d1r (f) +— amd
T

F Measure AAp between D? 2 K*K-and D° 2 n'n- decays

F  Assume equal decay time acceptance for K'K-and n'n Little overlap
Two datasets: between them
e Prompt: D** > (D > h*h’) n' (statistics and systematics)
e Secondary: B 2> (D° -2 h*h") u X

F In both cases assume:

-+ -+ dir -+ dir -+ A<t> ind +
AAg = Aqp(KK)=Agy(mm’) = [alp (KK —af () |+ —La ~ A, (KK)-A,, (")

raw

Tp
B .. . g . .

Insensitive to indirect CP violation = universal to both final states
+ h
4./’"/' h - -V
)t U
e . B >V
%+ S = —
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i AAp from prompt D™ = DY

Raw asymmetry given by: G G . A<t>
* A (0= Ac(®) T A() T Ap(m,) +Ay(D) Mep =|atp (KK =ady(a) |+ —
D
* To first order A (f)=0 with f=self-conjugate and
Ap(m,"), and A (D) depend on D** kinematics

&, 80000 3 Rt (2 ': E

« Events weighted to match kinematics of KK and nx % 700 LHCD ~ Backgromd |

= o000 - Preliminary —Data E

»  Soft pion and D° constrained to primary vertex = so000 - 3

*  Yields obtained from fits to dm = m(D*) — m(D) — m(n") 2o E KK~ Magnet down

[_% 20000 E— —E

. 10000 E- =
Previous result from LHCb 0k - -

AAcp = (-0.82 £ 0.21 (stat) £ 0.11 (syst) )% 8 m MeVic')

Phys. Rev. Lett. 108 (2012) 111602 EMW

Triggered a great deal of interest
Update of CPV at LHCD :

)
o
g
3
1S3
3
I

— Fit (X’/ndof = 1.15)

---- Background

£ LHCb

© 20000 = Preliminary

s
I}

now includes full 1.0 fb-' from 2011 =3 ~ Data

= F + -
LHCb-CONF-2013-003 E”"‘“’; JU TT Magnet down
AA.p =-0.34 £ 0.15 (stat) £ 0.10 (syst) % I
consistent with previous measurements but does not \ 8 m (MeV/c)

confirm the evidence of CPV previously reported. W
2012 data set (2 fb™!) currently being analysed : :
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-o- Data

—Toul submitted to Phys. Lett. B

2 === Signal
1y [l Comb. bkg.
LAY .

2

=

S
T

i - i LHCb [1.0 fb"" (2011)] AAp =
MM (40,49 + 0.30 (stat) + 0.14 (syst) )%

T T
Magnet down [ LHCb (d) -
4000 .

-o- Data
— Total
4 B ===« Signal J
2000 ‘Y W Comb.bkg.

\Eoore ] It does not confirm the direct CPV
observed in other analyses

_5 1 1
1800 1850 1900
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Raw asymmetry can be approximated to A, = A + Al + A5,

AB, is the b/b production asymmetry, independent of the final state particles
Re-weight D° (p;, 77) distributions to account for differences

in AY; between the nt and KK final states
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AAp from DY 2 h*h- decays

Prompt: AAqp=(-0.34 +£0.15 (stat) £ 0.10 (syst) )% LHCb-PAPER-2013-003

dir — ( _ 0
Secondary: AA ., = ( +0.49 = 0.30 (stat) = 0.14 (syst) )% A cr = (-0.329£0.121)%
AAM ., =(-0.010+0.162)%
Both consistent with no CP violation hypothesis

=a 0.02

50O HFAG-charm R
e | vachzots | 3 A Bel
March 2013 OORXK
T T T T T T T | T T T T T T T < 0 01 5 z”é"’y AAc; Belle prel.
. b -
B B "é""v’ 7 AAcp CDF
a .ar M’ 5 AAcp LHCb prompt prel
0 01 Q LA AAcp LHCD semil.
CcD "V B e C_J A LHCD
77 [77 77 (77 (77 77 ey, S £
D5 et e o 2 LLZRAA N A Babar 7
O S Y T S S SO I, FFLT7F V7] A, Belle prel 77
0 00 T i T & By T iy S B iy T S A r ;
005 22 zrst t it i e 2% b e e
L 7 AT T TS AIT TSI T AT TSI TSI LT TFFLT TFFIT T FFL LT AT T AT T
clig e S R e et
y l'\v RLIISFLT AL T AL T AL T T A AL LTI LT
LY.
X

LECb B;eliminary (prompt) 0

Lo =
LHgb (semileptonic) -0.005 :_
. 107" -0.01 -; I
Nzg.g average VIE N
e 0.015 R
-1 0 1 ) - N
AA(‘P(%) -0 ‘....I....I....l.\ P e
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aln
Agreement with no CPV y N 010,121 SP
hypothesis — CL = 2.1 x 10 World average: cp = (-0.329=0.121)%

[Heavy Flavour Averaging Group]
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Summary

® Interest in precision flavour measurements is stronger than ever

® A few interesting anomalies , but agreement with SM 1is

so far excellent
—> large NP contributions O(SM) ruled out in many cases

® New Physics can be found by precision measurements of the coupling
of the new Higgs scalar, or by precision measurements in the
flavour sector. Both just equally worth.

® The search has just started at LHCb with 1+2 fb! at 7-8 TeV

® LHCD upgrade (starting 2019) plans to collect ~ 50 fb-! with
two times bb cross-section. By 2022 ATLAS / CMS plan to collect

~ 300 fb'! and Belle II plans for ~ 50 ab™!

The scale of new Physics may well be unveiled by then

B. Adeva, University of Santiago de Compostela XXIX™ Int. Workshop on HEP Protvino 26™ June, 2013
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= uu event

5 mm
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% CPV in D* & ¢n"and D¥, > K° x*

Measure AA, from difference in A,
between D™ 2> ¢n" and D, > KO "

—TTT

Also extract AA.p from SCS D', 2 KO n*
and CF D* 2 ¢n*

5,
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—
(=]
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—
o
W

Candidates / (MeV/c?)
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Assume CPV in D* from CF/DCS interference negligible

Kgn" mass [MeV/¢?]

K3 mass [MeV/c?]

Small effect of CPV in K% decay in A -(KY/KP)

Ao (D —> ¢7+) — Aye (D+ — Kot )
Araw(D;" — Ks7'('+)—A7-aw(D;_ — ¢7T+) -

Acp(DV — o) =
ACP(D;'_ — KS7T+) —_

Acp(K°/K0)

Acp(K9/KO)

Acp(DF — Koot ~ Acp (DT
LHCbD [1.0 fb' (2011)]
Acp(D* D ) =[-0.04 + 0.14 (stat) = 0.13 (syst) ] x 102
Aep(DT D Kart)=[ 0.61 +0.83 (stat) + 0.13 (syst) ] x 102
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A Lepton Flavour Violation in t* =2 pup*

LHCb-PAPER-2013-014

LFV decay T =2 uup

In SM only allowed via neutrino oscillations
with BR ~ 103 . Some New Physics models
predict significant enhancement :

BR ~ 1010 - 108

So far only measurements at e"e” colliders:
BR (t* 2 pfpupt) < 2.1x 108 (90% CL)
Belle with 782 fb-! [PLB 687 (2010) 3]

Large t production cross section at LHC:
~ 80 ub (25% in LHCDb acceptance)

. " 1 " M M 1 " PR, L e
1940 1960 1980 2000 2020
m(@uLHT) [MeV/e?]

~ 10" 7 decays/y in LHCb (from D; >1v,)

T oF ' coes 10 7
Normalisation to D, 2 ¢(up)n E sE &) Mo = 070 LHCb :
S 4fF =
BR < 8.0 x 108 (90% CL) 3 o
LHCb: 1.0 fb'! S of
SHRl:
Proof of principle for a hadron collider: of
Good prospects for future mu ") MeV/e?]
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B-flavour tagging at LHCb

z T 33 0.0: T T T T T T ] 7
0O ite side t . (OS) g 023 BY D*_p.+uu :% 0 __‘:_ LHCb p
pposite side tagging 2 0 ER N &
calibrated on data : . //— 04 BT = Jwk f’f’( E
0.1 W'T- _i ;_ +,{.5 —
@ Fit time evolution in . E ’ g ey
flavour specific B > D™ putvu 04 = oaF ++ i E
- IR I B F +
& Count miss-tagged events 3 1 ok + E
in self tagging B* 2 J/y K* < 2 F
' Becvtmecs o 02 04 o
n
Same side tagging (SS) EPJC 72 (2012) arXiv: 1202.4979

optimized on MC and calibrated on data :

@ Fit time evolution in B, > D, "

algorithm £ (1-2w)? [%]

SSK 0.89 +0.17
LHCDb preliminary
0S 2.29 + 0.06 | I
OS + SSK 3.13+0.12 e

n
LHCb-CONF-2012-033
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CKM vy angle measurement by LHCb

Submitted to Phys. Lett. B - arXiv:1305.2050

Several results were published with the 1 fb-! of the 2011 LHCb
data and gathered into a single paper (22 y-related observables):

B (Two-body GLW/ADS) : B > Dh, D> hh [Phys. Lett. B712 (2012) 203]
B (Four-body ADS) : B - Dh, D> Kann [LHCb-PAPER-2012-055; arXiv:1303.4646]

B (GGSZ): B - Dh, D> K,hh [Phys. Lett. B718 (2012) 43]

1g 1 lg
I d : E]) :
10! : 10! ; 10 ;
10° ¢ 102 102
10° : :
O 60 R T 16;()[}%;0 10? 60 80 100 120 140 160 180 108.02 004 006 008 0.1 012 014 016
& [ K
Precision achieved For comparison :
. o
from B - DK combinations : Belle: v =6871))
_ +14.9,\° 0 L . _ +17,\°
v="T0"155) at68%C BaBar: v = 6971/)
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Detached vertices

B meson decays topology

t=L/BycT wt Excellent vertex resolution:
o,~45fs . to resolve B, oscillation
______ ’° Bs Dy - Signal B Background reduction:
v K- Very good mass resolution
p ———t—— p . ™ Good particle identification (K/11/p)
b Tea P ~ o K \
B, ol N High statistics:
. T~ " ! Tagging B Efficient trigger for hadronic
N and leptonic states
I ~ _ o
B decays with pu € (Lox HLT) 70-90 % At LO trigger level (7 TeV)
B decays with hadrons € Loxnir) ~ 20-30 % minzgig§ 2 89 1 bb
Charm decays € Loxnim~ 10-20 % T
(trigger efficiencies for off-line selected events) O ~ 6 mb

(~ 1.7 mb in LHCb acceptance):
LHCDb is a charm factory !
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DO- DO oscillations - new HFAG averages

http://www.slac.stanford.edu/xorg/hfag/charm

2 s\ _
9; 1.5 April 2013 ‘ CPV allowed 2\0’ 1.5 HFAG-charm ‘ no CPV

April 2013 \
> P

0 -
N Bio 07 3
" 20 i 1o
30 L .go
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~
I

x (
(0.49%518)% (0.49%518)%

5
~
I

(y) = (0.66+0.09)% (y) = (0.74%0.09)%
EXp. RD(10_3) y’(]_O_'?’) $/2(10—3)

Latest results on "WS"  "THCb 352+ 015 72+24 —0.09L0.13
D° > Kn decay Belle 3.644+0.17  0.67379 0.1870:33

BaBar 3.03£0.19 9.7+£54 —-0.22+0.37
CDF 351+£035 43+43 0.08£0.18
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B, =2 J/v ¢ angular analysis

Angular analysis to statiscally separate CP eigenstates
K*K-in P wave: 0 (CP even), || (CP-even), perp (CP-odd)
Y

Physics parameters :

o, AT, ', Am_|A|, A%,
2

|Aperp| ’SII’ 8perp ’

S wave parameters

B.—J/p(uuw) ¢(KK) Calibration with prompt events

10*
10°
10

10

Candidates / (5 fs)

10"

10°

Decay time [ps]
decay time (ps)

c.f. oscillation period ~ 350 £s
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