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Outline

[0 Most of the results shown here have already been presented in past
conferences

P review and focus on most recent (< 1 year old)
[1 Topics:
P Inclusive Heavy Flavor production: b-jet and b-hadron measurements
P Exclusive b-hadron measurements (cross sections, lifetimes, masses)
[0 Ab and observations of rare and new b-hadrons
P Onia
0 Y cross section and polarization, Xc production ratio, states with unclear interpretation
P Bs system: lifetime difference and CP violation parameters

» Search for New Physics in rare decays
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1 Triggers:

P single (low pr thresholds in 2010 data)
and di-u triggers

Entries / 50 MeV

O semi-leptonic decays, decays to J/\P>pu
P di-y generic triggers

> J/U, Y dedicated triggers, Bs(pp) [2011
data set]

[0 using invariant mass selected regions (and
common vertex fit constraint)

2010 data sets (40 pb! per experiment) widely
exploited due to ideal conditions: low pr trigger
thresholds and limited pileup (1-3 events/beam
crossing);

2011 data (5 fb™! per exp.) partially used (<p>=6-12)
No results yet on heavy flavor physics based on
2012 data (>20fb™'/experiment) (<pu>=21)
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Triggers & detector performance for
Heavy Flavor physics
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Inclusive Heavy Flavor production

in ATLAS and CMS
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Inclusive heavy flavor
production measurements

ATLAS
ATLAS: b/c inclusive production from inclusive e/p do/dpr at 7

TeV'in 2010 data (~1.4 pb-1) Phys.Lett. B707 (2012) 438-458

P good agreement with predictions from Fixed Order NLO calculations

with NLL high-pT resummation (first clear evidence at hadron
colliders of the importance of these corrections); theory uncertainty
(from 40%, at low pr, to 20%) dominated by resum. and fact. scales

CMS JHEP 04 (2012) 084 ATLAS and CMS inclusive b-jet

production cross section
s =7 TeV

Iyl < 0.5 (x625)

0.5 <lyl <1 (x125)

1 <lyl <1.5 (x25)

1.5 <lyl <2 (x5)

2<lyl<2.2

CMS L =34 pb"

P b-jet identification via
secondary vertices (34pb-1)
or u from b decays (3 pb-1
CMS, 34 pb-1 ATLAS)

' 6 e » O m O e |

measurements consistently
higher (at high pT) than
MC@NLO-+Herwig prediction;
largest discrepancies at high
pt for central jets

[ ] Exp. uncertainty

Anti- k R=0.5
20 30 40 50

1 1 |
100 200

_ O POWHEG+Pythia in good
b-jet P, (GeV)

agreement with data

ATLAS CMS
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http://www.sciencedirect.com/science/article/pii/S037026931101522X
http://www.sciencedirect.com/science/article/pii/S037026931101522X
http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
http://www.springerlink.com/content/q3298281418g5744/
http://www.springerlink.com/content/q3298281418g5744/
http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
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in agreement with NLO predictions 3 ?é
] 1 ()515 % 9— 0 Data stat uncert. onIy o —
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............................. 50 - LIOO 200 300
ATLAS Jetp_[GeV]
\s=7TeV [0 ATLAS: flavor composition of di-jet events at 7 TeV  Fall 2012
o Data2010 [Lat=33pt" arXiv:1210.0441, submitted to EJP
: L o —— POWHEG+PYTHIA ]
e e o HERNIE , « ATLAS: b-hadron (Hb) production at 7 TeV from D*+p-X Summer 2012
: L, Nucl. Phys. B864 (2012) 341-381
10F
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3 O ATLAS: Measurement of D"+ in jets

CMS: b-bbar angular correlation

p.(H) [GeV]
Heavy Flavor Measurements at LHC

PRD 85 (2012) 052005 Fall 2011

JHEP (2011)1103:136 |Winter 2011
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http://www.springerlink.com/content/q3298281418g5744/
http://www.springerlink.com/content/q3298281418g5744/
http://www.sciencedirect.com/science/article/pii/S0550321312003926
http://www.sciencedirect.com/science/article/pii/S0550321312003926
http://link.aps.org/doi/10.1103/PhysRevD.85.052005
http://link.aps.org/doi/10.1103/PhysRevD.85.052005
http://link.springer.com/article/10.1007%252FJHEP03%25282011%2529136
http://link.springer.com/article/10.1007%252FJHEP03%25282011%2529136

CMS Preliminary,N's=7 TeV Spring 2012

B* prod. o (5.8 pb™') PRL106(2011)112001

BO prod. ¢ (40 pb') PRD84(2011)052008

B% prod. o (40 pb') PRL106 (2011)252001 + op

General trend of data to be higher than NLO predictions
Measurement error lower than theory uncertainty

value = stat. = syst. = lum. error
(luminosity)

pp—=> A X—=>Jp AX 116+06+1.2 +2.0
Pr>10 GeV, lyl<2.0 (x10000 (1900 pb”’)

pp— B X 28.1+24+20 = 3.1
P:>5 GeV, lyl<2.4 (6pb”)

- B’ X 33.3+25+3.1+36
P:>5 GeV, lyl<2.2 (40 pb™)

pp— B, X = Jip ¢ X 6.9+04+0.7 0.3
8<p_<50 GeV, lyl<2.4 (x100 (40 pb”)

Theory: MC@NLO / POWHEG
CTEQ6M PDF, u=(m’+p2)'?, m =4.75 GeV

-
o

T T T T T T T |
ATLAS Preliminary

T

P
\'s=7 TeV

—e— ATLAS, 2.4 fb lyl<2.25

do(pp—B*X)/dp. [ub/GeV]

—=— CMS, 5.8 pb™, lyl<2.4
—— FONLL, ly, I<2.25
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LSS S
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B Hadron Production Cross Section [ub]

ATLAS-CONF-2013-008

[0 based on part of the 2011 ATLAS data set

high statistics meas. of do/dpt and do/d|y| from a
selection of B*>J/P(Up)K*

good agreement with POWHEG+PYTHIA in rate and
shape, while MC@NLO+HERWIG predicts lower rate
and doesn’t reproduce the pr and y dependence

FONNL in agreement with measurements

p, [GeV]
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http://prl.aps.org/abstract/PRL/v106/i11/e112001
http://prl.aps.org/abstract/PRL/v106/i11/e112001
http://prl.aps.org/abstract/PRL/v106/i25/e252001
http://prl.aps.org/abstract/PRL/v106/i25/e252001
http://cds.cern.ch/record/1360175/files/PhysRevD.84.052008.pdf?version=1
http://cds.cern.ch/record/1360175/files/PhysRevD.84.052008.pdf?version=1

Properties of hadrons with beauty: Ao

in ATLAS and CMS
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An exclusive B-baryon prod. cross section at 7TeV

Shed light on b-quark fragmentation function (historical
disagreement between Z>bb [LEP] and Tevatron data)

y-dependent baryon/anti-baryon asymmetry predicted in

Spring 2012 CMS

PLB714(2012)136

baryon transport models

O using 1250 fully reconstructed Ap>A J/PY>(pr1)

(np) in 1.9 fb! exploiting J/P triggers

P selection efficiency from 0.3% to 4%(at high pT)

[limited di-p acceptance, low A rec. eff. |; yield

from unbinned ext. max. Likelihood fit to Av and

anti-A\p cand. inv. mass -main background J/y

from B-decays

O measurements BR(A,>A J/P)xdo(A)/dprand
BRxdao(Ab)/dy for pr>10GeV and |y|<2;

P inclusive oxBR = 1.16x0.0659!+0.12%Yst nb
agrees with PYTHIA and NLO POWHEG within

large error on BR(Ab>A J/Q) known with ~54%

error

P pr spectrum steeper in data;
y shape well modeled
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Mo differential cross section and Aw/Ab ratio
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e 5005_ Lg.ztad el Niy, = 5970+ 160 } INFN
S 400 ---S[igialmo ) X%/ Ngor = 1.09 . : )L/
E . Background 1 P using fully reconstructed N\o>N\ J/Pp>(pmt
300} =
T = Lxy MPPG /p1  Hnn RREEREEE TN T, _é (u u) decay
b amas o iassoomps 3 P kinematic fit of the 4-part. final state with
\s=7TeV S, =1.05+0.02 R T T i . i
i XU LTash o anressmped —BTOS 355000 constraints: 2 vgrt|ce§, J/_Lp apd A World ave,
: YoIN g = 1.09 ; My, v (MeV) mass, /A cand flight direction intersecting pu
- T . Data 1 vertex; selection by transv. distance
— : — Fitted model —
S o Sgral 3 Summer 2012 ATLAS| between A° cand decay and Ab cand decay
- R 0 ackgroun - \
I ‘ ~ 5.38-5.90 GeV; Py2(Ab)-Py2(Bd)>0.05
R R S S S TR T
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measurement wap> . - arne  Gom s fit to 2d space of Mab and Tao
—. DO (02-11) J/pA
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- CDF1  (91-95) Al Fall 2012 CMS CMS BPH-11-013
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http://prd.aps.org/abstract/PRD/v87/i3/e032002
http://prd.aps.org/abstract/PRD/v87/i3/e032002

Observations of rare B-hadron states

in ATLAS and CMS
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> Observation of a new =y baryon

Spring 2012 CMS PRL108(2012)252002 1 NF N

Neutral and neg. charged baryons with s and b among the valence quarks are predicted in the standard
quark model: =p(J°=1/2+, ground state), =p’ (J°=1/2+) and Zp* (JP=3/2+) + 2 states with negative parity)

At Tevatron (2007) baryons (with charge O and -1) consistent with ground state = were observed and
confirmed earlier observations by DELPHI and ALEPH

> 16r
é) 1 4:_ :)::)VIS ys=7TeV e Opposite-sign data
N B ’ B . -
O At CMS (2011 data, 5.3 fb™") search for =p* in the strong g f L=s3t’ —— Signalbackground fit
_ . . . . . - e Background
decay to =p mt* via a decay chain with 3 displaced vertices 3 of @
(0] I
S | 4
P Tracks from A, =, =b must have transverse impact par. with g 8F- 6.90
high significance; A, =, =b high quality vertex fit, high {;‘, sF 7/\.4 significance
significance of the transverse decay length, 3d distance X _
between flight direction and production vertex below ar | “
optimized thresholds of g \ {
. A dund T

> Q= MU/ = m)-MUIp =)-M(r) first observation  of=——t——r————,
M(J/\VE'R“‘) - M(J/\VE') - M(m) [MeV] .

0 Q distribution fit with Breit-Wigner ® Gaus(1.9MeV, from

MC)+bkg (from same-sign =Zpm) 3 displaced decay

3
>  Q=14.84+0.7451+0.2855t MeV; [=2.1+1.75%t MeV vertices T

O syst. on Q from residual mismatch between fit and world ave.

0 =_ " I -
for A® and =- masses JP H
P consistent with Lattice QCD (0<Q<50 MeV; I'~0.5 MeV) for
JP=3/2+ ut
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Observation of B:*
)
‘ Spring (ATLAS) Summer (CMS) 2012 ity
_ Bc very interesting particle with b- and c-quark content Pring C
First observation in 1998 at CDF: mass and lifetime measured at s [ A
, , = - ATLAS Preliminary det=4.3 fb
CDF/DQ0; ratio of production rate to B at 7 TeV measured by LHCb R 1001~ \s=7TeV
‘% 80—
ok p1(Bo)>15GeV

[0 Observed in J/P i+ (ATLAS, CMS) and
J/P ri+mt-mi+ (CMS) with 2011 data set with
signal significance (s/sqrt(s+b)) of ~5 (ATLAS)
and ~10 (CMS) in the 1st channel, of ~6
(CMS) in the 2nd channel

P trigger: 2u (ATLAS), J/P with displaced vertex
(CMS);

analysis: J/Y selection; per event mass from
re-fit of 1(3)rt and 2 tracks (mass constrained
to J/P) to a common vertex; combinatorial
background suppression with d%y(r)/o>5
(ATLAS), A\xz/0 >3 and small angle between Bc
line of flight and momentum cos Gxy->0.85

[tighter cuts for J/\ mi+11-11+, due to higher
comb. bkg]

[1 Mass consistent with world average

Stefania Spagnolo Heavy Flavor Measurements at LHC
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B. — stat.
Ng =82+17,,
ool 0 =361 9, MeV
ATLAS-CONF-2012-028
O I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
5800 6000 6200 6400 6600 6800
My (MeV)
N"\35c B T | T T T T T T ‘ T T T ‘ T T T ‘ T T T _|
o B
> C CMS PAS BPH-11-003
(D 300 I /-\1 40 T T T T T T T T T T T T T T T T
= B NQ I \ \ \ \
=} - > Ny =108 19
%250 G120 0=0.021=0.004, GeV/ic* ]
:,E, + & i mg_ = 6.265 = 0.004 _, GeV/c® |
=}
> d I
1200~ £100 p,(B))>10 GeVic —]
- + {’E’ - (Bl <1.6
B + o i
150 o 80 N
100 MNe.=330+36,, sol N
[ 0=0.026 = 0.004,,, GeV/c’ B
[ mg =6.272x0.003,, GeV/c? i
50/~ p(B)>10 GeV/c 40— .
[ m(B)I<16 i
Ol ‘ L CMS preliminary
0538 6 6.2 6 20 \s=7Tev o
Jhy L L=47fb" pe
0 i 1 | 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ]
5.8 6 6.2 6.4 6.6 6.8

Jyratwnt mass (GeV/c?)
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Onia production and properties

in ATLAS and CMS

Charmonium measurements

EurPhys.J. C71(2011) 1575 J/\p prompt and indirect production by - CMS (~300 nb-")
JHEP 02 (2012) 011 J/Y and P(2S) production by - CMS (37 pb)

Nucl. Phys. B 850 (2011) 387-344 Inclusive J/W production and non prompt to prompt ratio - ATLAS (2.3 pb)
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http://www.springerlink.com/content/v287172w5w507051/
http://www.springerlink.com/content/v287172w5w507051/
http://www.springerlink.com/content/238j520qx7016j84/
http://www.springerlink.com/content/238j520qx7016j84/
http://www.sciencedirect.com/science/article/pii/S0550321311002938
http://www.sciencedirect.com/science/article/pii/S0550321311002938

Measurement of Y(1S), Y(2S), Y3S)
polarizations /s = 7 TeV n

INFN
accepted by PRL __
RA2OIZICNIS!  iv:1209.2929 C

Y(1S), Y(2S), Y(3S) states in the p+p- final state in CMS 2011 full data set (4.9 fb7)

Unbinned Max

> high quality prompt 2 candidates with a common vertex with 8.5<M<11.5GeV Likelihood (in a
Bayesian appr.)

P data binned in 2 |y| intervals [0-0.6][0.6-1.2] and 5 pr bins [10-12-16-20-30-50] GeV using 2 angles;
per event

P Ao, A, Aop and frame-invariant A=(Ae+3 Ag)/(1-Ag) measured in 3 frames efficiencies.

Background

- - o - . .
center-of-mass Helicity frame HX, Collins-Soper frame CS, perpendicular Helicity frame PX subtracted event

15ECMS pp WS=7TeV L=4.9fb" by event based
i3 on Ls/Ls+B)
A 05} ll I . ’ M h :
: : ost comprehensive
oF B - - ---- -0 -------- - _l. - _l _______ l _________ = I -, - l _________
5" b L I measurement so far
05¢ T 1 (especially for Y(3S))
T T Y(1 |S)’ I}u,l < 0|.6 ] I I I I Y(2|S)’ I"|lI < oll6 :I I I I I Y(3|S)!’ I}{I < Ol-6
15F ¢ $t?t_ “"°e{"’6%8§7°c‘iL o CS i ] [earlier measurements
- W Tot. uncert., 68.3 % o :
1F Tot. uncert., 95.5 % CL o I;;(( 1 1 from CDF and DO I’Uﬂ”]
i Tot. uncert., 99.7 % CL i
A osf B + l I ]
Y AP ' - I -------------- l --------- I ....................... No evidence of sizable
TR ¥ g {
0.5 ¥ 1 transverse or
. Y(1S),0.6<lyl<12}f  Y(25),06<lyil<12f  Y(3S),06<lyl<1.2 longitudinal
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 polarization
p_ [GeV] p_[GeV] p, [GeV]
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http://arxiv.org/abs/1209.2922
http://arxiv.org/abs/1209.2922

Measurement of Y(15), Y(25), Y(3S5)
polarization /s = 7 TeV

1_

-0.5-

-1

| —¢— CMS, tot. uncert., 68.3% CL

CMS pp\s=7TeV L=4.9fb"’
CDF pp \s=1.96 TeV

CS frame, lyl < 0.6

Y(1S)

—¢— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL

0

Stefania Spagnolo

I I I I I I TET T T T T [ T Tt Ty
5 10 15 20 25 30 35 40 45 50
p, [GeV]

General disagreement with theory predictions
which, however, reproduce the main features of
heavy quarkonia differential production cross
sections

Heavy Flavor Measurements at LHC

accepted by PRL

Fall2012°CMS| | yiv:1209.2922

No evidence of sizable transverse or longitudinal
polarization

confirming CDF PRL108 (2012) 151802
contradicting DO PRL101 (2008) 182004

CMS pp \s=7TeV L=4.9fb"
CDF pp \s =1.96 TeV

HX frame, lyl < 0.6

-
a1

—h

o
()]

>’
)
o

©
o

'1_: —¢— CMS, tot. uncert., 68.3% CL
4 —¢— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL

-1 .5—: —— NLO NRQCD at \'s =1.96 TeV, PRD83, 114021 (2011)
1 - NNLO* CSM at \'s = 1.8 TeV, PRL101, 152001 (2008)
UL L L L HL L L EL LA LA ELNL L LR
0 5 10 15 20 25 30 35 40 45 50
p, [GeV]
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http://arxiv.org/abs/1209.2922
http://arxiv.org/abs/1209.2922

Y(nS) differential production cross sections

Fall 2012 ATLAS to appear in PRD arXiv:1211.7255 INFN

L/__

Y(1S), Y(2S), Y(3S) states reconstructed in the p+u- final state in ATLAS 2011 data using

1.8 b «10°

> i T T T | T T T T T T T T | T T T ]
i | - - - - 2 4oL ATLAS ~ Data ]

P high quality prompt 2u candidates with a common vertex with 8<M<11.5GeV matching a 2 = Or — Fitting results

trigger (with loose requirements on vertex fit quality); Acceptance (A) defined by single muon © | o ., fL P - 5?;5;9)""”“"
reconstruction fiducial region pt*>4GeV |n¥|<2.3 @ ¢ LYEes) i
= 30r Y@s) 7]

p»  data binned in 2 |y| intervals [0-1.2][1.2-2.25] (with comparable statistics ~3x108) and 15 pr (G

an example bin:
ly|<1.2
0.5<pr<i1GeV

bins up to pr<70GeV ool
O per event weight = ( total efficiency )-1 (not)including A for (fiducial)corrected o measurements B

- efficiency corrected Muu distributions fit to model for Y(1S)+Y(2S)+Y(3S)+bkg to derive yield I
10

0 null polarization hypothesis: spin alignment envelop by far dominating systematic
uncertainty

o LA L B B LA B B BN LR LN B O_ = ' |
T9]
;‘ T T T | T T T | T T T | T E g 103 B Y(3S) | 9 1 O 1 1 1 2
8 Corrected cross sections- a = . m,, [GeV]
%_102,\ ly'l<1.2 4 & L ]
oy % & Y(15) E 1 -.MH |
N ° - T ) -
= ‘0 M e, & Y(2S) : § , ‘
= % = = 2| — .
N Y39 1 8% E Measurement with
— L o % . . i > E . ]
E 1 = - fﬁf;.o.... nu” pOIar|Zat|on . § i ATLAS —e— 1(3S) corrected cross sectloni IargeSt pT reaCh SO far
X E Ty E — \s=7TeV j Ldt=1.8 fb"1 Spin-alignment envelope — ) . .
> - T o | High pt domain is clean
F10 £ E E e, e e, B . i i
8 [ ATLAS . & Tio o LONG : from spin alignment
B - i o uncertainties and sensitive
N . ° )
©10%¢ s=7Tev [Lat=181 2 to new production channels
C o
C 1 1 1 | 1 1 1 | 1
0 20 40 60
Y(3S
Y o [GeV] (39) Iyl
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Y(nS) differential production cross sections

Fall 2012 ATLAS
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Y(1S) p_ [GeV]

Heavy Flavor Measurements at LHC

to appear in PRD arXiv:1211.7255

PRL101(2008)152001, EPJC61(2009)693 + others
Feed-down from radiative decays of higher mass

states, not accounted in the model, increases the
direct production rate of Y(1S) by ~100%

INFN

-~ B |arge long. pol. not seen in data

phenomenological Color Evaporation Model;
PLB390(1997)323, Phys.Rept.462(2008)125 + others;
naturally including feed down processes ™ no sizable
polarization predicted

o 717771
.QC:% | ATLAS Corrected cross sections |
::*: 0.81s=7Tev ILdt=1.8fb'1 u
% : |yT| <12 1
) 0.6 I resr(s)
e I 4 Y(@39)/1(1S)
o i
0.4_— - .
i .-. +ﬂ( i -1 BRI :
0.2'9-"'. o :
et :
oL 1 ]

All measurements in
agreement with
CMS PRD83(2011)112004
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Earlier measurements at CDF and LHCDb - both suggesting no easy theoretical modeling

OO0 CMS 2011 data 4.6 fb™! - xe>J/W(u*u’)+y(converted to e*e’)
[in |y(J/Q)| < 1 and pry >0.5GeV], Xc1,2 from primary pp vertex;

o _)C+XBC_>/+ chs
E, =390(430) MeV, in the Xc1 rest frame R, = 7PP 2 Xa+ X)Blta 2 /¥ +7) _ Nya| &1

‘T(PP — Xc1 T+ X)B(Xcl — ]/1/’ + 'Y) B Nxc1 €2

P J/Y trigger; pseudo-proper decay length (Lxy Mu/pT(J/P))

<30um [negligible 0.7% contamination from B decays]; Difference in acceptance for y from the two
states - single particle MC with pt as from P(2S)
Py reconstruction via tracker-based conversion reconstruction CMS measurement [very close in mass]
Igorithm (iterative tracking for | tracks f displaced L
36%3265 (iterative tracking for low p tracks from displace No polarization assumed for both x. states
e+e- parallel at conversion point; Mee Eff. ratio from MC approaching 1 at increasing pr
consistent with 0; various requirements
reducing background from mis- g 1.0¢
reconstructed prompt tracks; m° veto =0.9F - \;?:S; v Consistent with
‘o 400F 0_83— L,=4.6 fb! NRQCD (NNLO*
S - CMS C ++ +
S 350 m pp,\s = 7 TeV 0.7;— + % | and CSM)
© 200k L =4.6fb" 06k | PRD 83 (2011)
B - 111503
250 11 GeV/ J/ ] ) ) , DE
it - 13 GEV/‘SZ‘;;EJ/B | Yield from unbinned max. lik. fit 0_4;++++ " * _
200F to the distribution of Q= - In disagreement
150 038 | ok, with kT
ook m(Upy) - m(pp) + MPPEU/Y) 02F  o)Bi, >y i <o factorization
: s 04 WS e | PRD 83 (2011)
501 § T T
N ol M 0.0 10 15 20 55 034035
3.2 3.4 3.6 3.8 P, (J/y) [GeVic]
My = My + My, [GeVic?]
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Relative prompt production rate of

XC2 and XC‘I Winter 2013 CMS  to appear in EPJC arXiv:1210.0875 INFN
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Winter 2012 ATLAS AT LAS )

Reminder of x»(3P) first observationin

INFN
PRL108 (2012) 152001
Observed bottomonium radiative decays in ATLAS, L =4.4 8
ATLAS 2011 data, 4.4 fb S’ _ i
> - ATLAS i
. ('2' 10.6 - r45) B-B threshold

New state, interpreted as Xp(3P), at ) CTT T T
M =10.530+0.005 (stat.)+0.009 (syst.) GeV 2 i B
seen in radiative transitions to Y(1S) and Y(2S) € 104 Y(3s) i EE”tdhdylmty; .
-IE - ! |
© B e 7
~~ 220 N I L Y ) L L S Y N L Y IR B B -% 10 2 - ': :.":{(QP)l World |
= — = 2 Pl oes |
L ATLAS PY : — Fi ] = - A Mass giryoentre averages |
% 200 Data: Y (1S)y F!t to Y(1S)y = c - ]
= 160: ----- Background to Y(1S)y 1 10 B i ]
3 N T Background to Y(2S)y u O i
g 140 E - e o -
S 4o0E \ Converted Photons§{ 9.8~ i averages —
S - = o P |
8 100 + = - confirmed by DO arXiv:1203.6034
-~ - N B and LHCb LHCb-CONF-2012-020

|+ 80:— + _: 9.6 v
60 )\ e EYLRY - - v(s) -
40~ 3 ORI MR el -
20;_ v Apjr AT T i _; i ++ 1
O_ I I | I | L "|'“/\| | | I I I - L1 ] - JPC - 1 (0,1 ,2) -
9.6 9.8 10.0 10.2 10.4 10.6 10 92+ L= 0 1 —

m(++y) - m+) +m o [GeV]
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States with Heavy Flavor content

and unclear interpretation

in ATLAS and CMS
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in B=*>K*(J/Prt+11) decays - confirmed in CDF, DO, BaBar

X(3872) doesn’t easily fit in the quark model: candidate D*°-anti-D°
molecule; candidate tetra-quark; candidate charmonium state but X->-J/Qy
seen by Belle and Babar, X>-P(2S)y controversial [(not)seen by (Belle)BaBar]

LHCb has very recently established the quantum numbers: JF€ = 1++

O Study of X(3872)>J/Y m+n- in CMS 2011 data (4.8 fb-1)

P measurements: ratio of (prompt) production oxBR(J/Yrimn)

to Y(2S) as a function of pr and fraction of X from B decays

Stefania Spagnolo

‘:-\ 14 T 17T | T 1T | L | 1T 17T | LI | T 1T
S L Data 20iey CMS Preliminary Vs = 7 TeV
© 4oL M<125 L=2.1fb" -
g [ — Simulation: X(3872) — Jiy p N
E 1 O O Simulation: X(3872) — J/y no-p { h
=
O
8 .
©
L e .
4+ —
2 __ ]
0+ .
1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | L1 1 1 | 1 1 1 1
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non-prompt X(3872) fraction

o
3

o
~

o
w

O
)

o
—_
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A acceptance cuts

q_

||||||||||||||||||||||||||||||||
CMS Preliminary \s = 7 TeV

L=4.81b"

Jynr |yl <1.2

within p/mt

&
lII|IIII|IIII|IIII|IIII|II_

0 25 30 35 40 45 50
pT(J/\p ) (GeV)

_IIIIIIIII
0 15 2

Candidates/ 5 MeV

prompt
X(3872

B x do

)/de (nb/GeV)

Measurement of X(3872) production cross
section at s=7 TeV

A X(3872) well established state, since first observation in Belle

Fall 2012 CMS | cvis BPH-11-011
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100/ CMS Preliminary \s =7 TeV |
- <107 L=48fb" i
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I~ \ ’:t._““
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i /: & ‘ MmUY ) (GeV) |
20 __‘—,.,--*"'"‘ ‘-'f}"“‘«--....m;
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CMS IPlrellirlnilngrly,

| SI=I7 I-I-elvl, II_=I5I.2I f|b-1l T T

d % [ D T | T T T T ]
L —e— Data .
= - — Fit s
Lo 2000 — Signal ]
o) B ---- Background ]
o L _
g - Mass = 5279.6 + 0.6 MeV -
T 12000 Width = 9.7 = 0.7 MeV
% - T Signal = 2478 = 162 7
S L _
& 1000+ .
L & _|
500 J/L|JK+K—KJ:/\ .
e A AT B
015 5.2 5.25 5.3 5.35 54 5.45
mJWYK'K'K") [GeV]
CMS Preliminary N's=7 TeV, L=5.2 b’
> C I I '
) o ——
S 400 Data
T u —— Breit-Wigner
© 3go after B+ _
o N , ’
» - sideband | .
o) - : ’
W 200 subtraction -
© . | \ ’
2 - ]
c 100 {. ]l =
O - {. ~ {. ++ .
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1 .64 1.06
m(K*K) [GeV]

Heavy Flavor Measurements at LHC

— Observation of structures in the J/Y @
‘/ SpeCtrum in B*>K* J/\P D Rl 2012EMS s gpH-11-026

O CMS 2011 data (5.2 fb-1) at /s=7TeV

P M(1st peak)= 4148.2 = 2.0(stat) = 4.6(syst) MeV

[0 significance exceeding 5-sigma

P confirming some earlier (but controversial) claim by
CDF; LHCb looked for this structure but didn’t confirm it

N(B")/e,, per 20 MeV

P M(2nd peak)=4316.7 = 3.0(stat) = 7.3(syst) MeV

3001 T T
- —e— Data
o50F three--body PS
i —®+ three--body PS
200t S-wave E
150 + + + + —
100 —
50 :_ + ............... + + . _:
0 : | | | | %
12 13 14 15
m(u'wK'K)-m(u*w) [GeV]
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BY lifetime and CP violation parameters

in ATLAS and CMS
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CP-violating s phase and Al s 3

)

Bs>J/p fr0| N Bs > J/Ll) (P Summer 2012 ATLAS INEN
N M
pp-  KHK- . JHEP 12 (2012) 072 C
. . . . g E_ ——Data _E
Interference between decay and oscillation give rise to @1232_ ﬁ:fsm o 1 large contributions
CP violation with a phase s = M - 2D (ps = -2Ps) ¢ 100 R 1 to s expected in
) P E various New
Flavor untagged analysis of the Bs>J/( ¢ decay in : 7 Physics scenarios
2011 full data set s00f :
600F g T s 1
Final state in a mixture of CP-even and CP-odd eigenstates 400/ LS 10 T~ Tot Signal E
(8 amplitudes in the transversity frame); the angular 2005 Vs - _?gt;i'gi%kgmd
analysis (2=(6,,V)) allows to extract s, I's, Als=l-TH - LT N PR Becarons .
< _ T j Lt~ Zi.gef\t/)"
o Event SeleCt|On 51553 555 53 535 54 ' -

Mass /GeV :
P J/Y trigger; reconstruction: good quality J/y assre 1F

candidates + KK high quality tracks, with M close
to Mo, forming a 4 track vertex with the p pair

(fit-data)/c

L RO LO LW
TITTTTITT

0 Signal event extraction:

Proper decay time /ps

P unbinned max. likelihood fit to M, T and {2 Main systematic uncertainties:

0 background from BO>J/WK+m- or J/p K* BC contribution (from error on the decay fractions), background

: : modeling (angles [affecting all measurements], lifetime and
combinatorial background from prompt J/ mass [¢ps and Al's]) signal modeling (mass [ps and Al's]), ID

alignment [ps]

b 22690x160 signal B% from the fit
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http://link.springer.com/article/10.1007/JHEP12%282012%29072
http://link.springer.com/article/10.1007/JHEP12%282012%29072

PROTE -g.‘,}l

CP-violating ¢s phase and Al's ¢
Summer 2012 ATLAS from Bs"J /q) P -

JHEP 12 (2012) 072

L L B I B L I T

§ 4000;—0—A?|'LAS Data ATLAS *;
£ 3500 .. Fited Bastground [lacion
Lﬁ 3000;_T01a|F“ 3
A0 and A||
correspond to final
5 . states with CP- 77777 %=
5003 5.317 GeV < M(B,) < 5.417 GeV * even eigenva|ue$
0F 08060402 0 02040608 1 _
cos(6;) (L_O’2)
T 2000 o riasow | amas
e 3500 .. Fited Baskground [ation - Al CO”’eSpondS to
g %0 - final states with :
3 Mhal states The transversity frame
T ol . CP-odd eigenvalue
e B ()
P O x axis: defined by the direction of
SO AT SM prediction [hep-ph/0605213] the ¢ in the J/P rest frame;
o, rad] s =-0.0368+0.0018
S 4000F T A T T T Hesults H aniSZ in the plane defined by K
£ 3500 . fuossamgrond [ HIA0N ¢s = 0.22 £+ 0.41 (stat.)*= 0.10 (syst.) rad +K-, with py(K*)>0; z axis follows
U>J ;—Total Fit _f . _1
ol : ATy = 0.053 £+ 0.021 (stat.) = 0.010 (syst.) ps 0 8, ¢ = polar and azimuthal angles
g -1 7 -
oy | Ag(0)[% = 0.528 £ 0.006 (stat.) £ 0.009 (syst.) 0 angle between the x axis and K
L e E angle between the x axis an
5001 5.317 GeV < M(B,) < 5.417 GeV : 2 _ ' rat .
g e 1 |A)(0)] = 0.220 & 0.008 (stat.) = 0.007 (syst.) +in the ¢ rest frame
cos(y)
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CP-violating s phase and Al's
smmezoeaing  from Bs>J/QY @

JHEP 12 (2012) 072

2 025 | I l | T
O ATLAS B% measurements compared with other =, L 68% CL boundaries
measurements and SM prediction arXiv:1102.4274 [hep-ph] 5
Signal Events | Resolution Tagging v
ATLAS 22.5k ~ 100 fs No
LHCb 21k ~ 50 fs Yes
CDF 11.5k ~ 100 fs Yes

DO 6.5k ~ 100 fs Yes

LHCb 1Ofb‘1 +CDF 9.6fb"'+DQ@ 8fb™' + ATLAS 4.9fb™

4
1.

HFAG
68% CL contours
(Alog L = 1.15)

-__~
-
O 7
Q .’

’
4
’
’
’

DO .
B,—D u'X

_lllllll

IIIIIIIII | I|III|III|I
07 072 074 076

I [ps]
P in ATLAS 4-fold ambiguity solved
using LHCb constraints

0.10
LHCb results here
superseded
this morning

O|_l||||I

-1.5

This ATLAS measurement enters the HFAG
combination of B%>J/y « in Fall 2012

arxiv:1207.1158 and online update

.U'lllll
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i /..3;: ;;:z::\ 3
"T‘ w‘\ ““'.'; .I‘/ )

n ] n '\ﬁf S
Bs lifetime difference /,
Bs>J/p ¢ Fall 2012 CMS INFN
NN CMS PAS BPH-11-006 C
- K+K-
U+ -
3 2200  CMS preliminary, 5 fb'
OO0 Flavor untagged analysis of the lifetime difference 2 2000 \5=7TeV « Data
between Bs mass eigenstates S 0E  maround
% 16005— — Fit
» 5fb!, 14.5k Bs>J/P ¢ decays, null CP violating E
phase s hypothesis 1000
O Similar signal selection and analysis strategy to sooi—
ATLAS analysis but 3
P more stringent selection requirements, higher purity 3 ° ______
but lower statics of B% (~15k) g ¢ ¢ #.¢
X :
P different choice of parameters to be determined 55 53 535 54 545
from the more constrained (ps=0) fit Invariant mass J/iy KK’ [GeV]
ATs = 0.048 £ 0.024 (stat.) 4= 0.003 (syst.) ps™1, = AL, = 0.053 = 0.021 (stat.) = 0.010 (syst.) ps '
3, = 0.04580 4 0.00059 (stat.) +0.00022 (syst.) cm, ATLAS for comparison
|Ao|*> = 0.528 40.010 (stat.) £ 0.015 (syst.),
A |* = 0.2514+0.013 (stat.) - 0.014 (syst.),
6 = 27940.14 (stat.) = 0.19 (syst.) rad . CMIS
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Search for new phenomena in B decays

in ATLAS and CMS
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Events/60 MeV

Events/60 MeV

Events/60 MeV

Search for B%>pp

measurement strategy in ATLAS and CMS | D

INFN

Winter 2012 CMS JHEP 04(2012), 033 | C
Spring 2012 ATLAS PLB713(2012)387

O CMS: 2011 data 5 fb-1; ATLAS: 2011 data 2.4 fb-1;

PDG

.. BR(BY — ™) =BR(B™ — J/YK* = ™ K*) o
2_5f_det=2.4 o : gffwu- MC (10x) ATLAS N P 6
g , . + - i + +
3 [n| regions corresponding to X & % il % J/VK J/YK
different mass resolution fs Nf/‘/fKi A,u+,u— €t -
Sensitivity optimization based on 1/2 LHCDb
of the events in the sidebands CMS, 5 b s =7 TeV
> EL L I L L B
— Non resonant background from 510000} . B | .
sf A w_cs the interpolation of the second = [ arre ]
25f f lii=nte 2 e o half of the events in the sidebands g 8000_
0-80 MeV 3 '
1 E Resonant background from B>h*h" from MC
. . S 6000
f ' : @
%800 T O'(MB)~37-77 MeV © i
M CMS  depending on n 40001
S5 e | Msze . 2 |n| regions corresponding to different mass I
2_5§_det=2.4fb B,—u*u” MC (10x) —; reSO|Uti0n. 2000 I
15_ 0;1 10 MeV Combinatorial background in the search d
i . ; = |_/wnd<_)w extracte_d from a fit to the 5 50 54 568 58
invariant mass sidebands (extremely low) m, .« [GeV]
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Search for BY,BY%>puu

Winter 2012 CMS JHEP 04(2012), 033
Spring 2012 ATLAS PLB713(2012)387

CMS: 2011 data 5 fb-1; ATLAS: 2011 data 2.4 fb-1; LHCb: 2011 1 fb-1

LHCH | LHCbH 95% CL LHC combination:

Mode Limit ATLAS CMS 9010 2011 Combined summer 2012

Bkg Only | 23 (3.6) 65 | 34 . LHCb-CONF-2012-017,
B ptp~ (107°)  Bkg+SM . 7.2 . CMS-PAS-BPH-12-009,

Obs [ 7.7])7. 56 | 4.5 . ATLAS-CONF-2012-061

Bkg Only 11 :
B ptp~ (107")  Bkg+SM New LHCb results supersede this
combination - see LHCDb report

BB = p p)sy = (3.240.2) x 107°
BB’ = pp)smw = (1.0+0.1) x 1071

signal+bkg 1 JHEP 1010 (2010) 009 SM prediction
1 includes time evolution of the initial state

CMS+LHCb

Data are consistent with SM within 1o
NP effects are constrained to be not
larger than the SM contribution

BR(B%s>pp)x10-° BR(B%>pp)x10-10

Feasibility of the search for D°>pup demonstrated by CMS [although result, on 90 pb™',
is not competitive with LHCb] BR < 5.4 x 107 at 90% CL CMS PAS BPH-11-017
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Conclusions

0 Many interesting results on heavy flavor physics from ATLAS and CMS,
general purpose experiments

O Inclusive measurements suggest that further tuning of the theory predictions
are needed, particularly in some phase space regions

0 Extensive measurements in the Onia sector challenge the theoretical
models; none satisfactory from all perspectives (rate, polarization)

O Some puzzling states looking for interpretation

O Precision study of the Bs mesons allows measurements of CP violation
sensitive parameters

O No sign of New Physics contributions in SM highly suppressed decays

O Still a lot of ATLAS and CMS data to be analyzed (delayed 2012 stream
designed mainly for heavy flavor physics measurements)
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2010 data (~1.4 pb-1)
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Uncertainty band

Heavy Flavor Measurements at LHC

= ATLAS: b/c inclusive production from
<) inclusive e/u do/dpT at 7 TeV

1 ATLAS: b/c inclusive production from inclusive e/p do/dpt at 7 TeV .Fr

ATLAS

Phys.Lett. B707 (2012) 438-458

Comparison with MC show
- good agreement with POWHEG+Pythia,

INFN

- low predicted rate by POWHEG+HERWIG (not entirely

explained by different decay tables used)
- a factor 0.5 off in PYTHIA LO rate prediction
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http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
http://www.springerlink.com/content/q73556783722j6j2/?MUD=MP
http://www.springerlink.com/content/q3298281418g5744/
http://www.springerlink.com/content/q3298281418g5744/

b-hadron (Hy) production cross section at 7 1./
<) TeV from the reconstruction of D**uX n

INFN
Nucl. Phys. B864 (2012) 341-381 ATLAS Summer 2012 L/
00 ATLAS 2010 partial data set (3 pb-1) S2000- ATLAS  Dazoro [Lat=33p'
g \'s =7 TeV n e opposite sign D*u

----- same sign D*u
— fit

O using He> D**pX with D**>m*D° and D%>~Kmt* triggered g 1500
by single muon triggers

Entr

fit: N(D*u) = 4516 + 100

1000

[0 production cross section measured for Hp pr>9GeV and
In|<2.5

500
P syst. errors dominated by reco. eff., fraction of D** from Hp P

decays, model for yield extraction, correction from D**u- O—— 0 ie0_
kin. to Hpy kinematics m(Kz)-m(Kn) [MeV]
O results are compared with MC@NLO4.0+Herwig and s B ATLAS ]
POWHEG-HVQ(1.01)+HERWIG or PYTHIA; CTEQ6.6, b- = (0P Ns=7TeV _
q mass=4.75GeV iﬂ e Data2010 [Lat=33pn"3
Q_l— — POWHEG+PYTHIA i
> data above predictions < 107 Cweeno
I .
B’ _
P extrapolation to the full phase space agrees with inclusive ° ’
measurements of b-bbar production

o(pp — Hy X) = 32.7 £ 0.8 (stat.) & 3.1 (syst.) 2 5(a) £ 2.3(B) £ 1.1(.Z) ub T T T

—

18,9 -1 -3 —% 0O 20 30 40 50 60 70 80
o(pp — HpX) = 22.2 757 (scale) T1g(myp) 2571 (PDF) Zy5(hadr.) ub POWHEG+Herwig p.(H) [GeV]
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http://www.sciencedirect.com/science/article/pii/S0550321312003926
http://www.sciencedirect.com/science/article/pii/S0550321312003926

X3 events

arXiv:1210.0441, submitted to EJP |ATLAS Fall 2012

O ATLAS: flavor composition of di-jet events at 7 TeV
(full 2010 data set 39 pb-1) as a function of leading
jet pt (6 categories: ll,Ic,Ib, cc, cb, bb)

0 anti-kT(R=0.4) jets with pT>30GeV and |y|<2.1; 2 highest
pT jets must have A@>2.1rad

[0 no explicit flavor tagging but flavor separation based on
kinematic properties of the tracks associated to
secondary vertices in the 2 jets

P for heavy flavor production: study balance between
quark pair production (gg>qqbar, ggbar>qqbar)
[PQCD], quark excitation (gg>gX) [proton content]
and gluon splitting (g>qgbar)

P fraction of Ib-dijet underestimated by NLO predictions
at high pr

P different b-jet fraction for leading and sub-leading jet,
predicted by theory, is confirmed by data:
Ap= NpSL/Np--1

Stefania Spagnolo Heavy Flavor Measurements at LHC Les R

Flavor composition of di-jet

18

CU fraction [%]

14

12

10

BU fraction [%)]

16_—

b-jet asymmetry A,

—_—
[\S)
| T

—
T

@ Data stat. hncert. only
- M Pythia 6.423 (AMBT1) (truth jets)
. A Herwig++ 2.4.2 (truth jets)
] Powheg + Pythia 6.423 (truth jets)

0.8 -
0.4 ———4— E
T
0.2:—$——*— - —— —
—— 40
C BN Dala 2010, 1s=7Te, f Lat=39 pb
ML 50 100 200 300
_ Jet p; [GeV]
SEL
:t —N— v ]
- ‘
- ATLAS |
"Data 2010, {s=7 TeV, f Ldt=39 pb™]
Coooy | ! !
50 100 200 300
: T | T
o @ Data stat. uncert. only —
C [ Pythia 6.423
- O Herwig++ 2.4.2
8 Vv Powheg + Pythia 6.423 .
- Total error
7 E
: —o——°
6 —&- ,
A S—

- ATLAS

> i_v/:g:;i% — e

" Data 2010, (s=7 TeV, f Ldt=39 pb™'-
C 1 1 1 1 | 1 ]

50

100

200 300
Jet P [GeV]

37



gMeasurement of D**
INn jets at 7 TeV

PRD 85 (2012) 052005

ATLAS, small fraction of 2010 data (0.3pb)

The measurement: R = Np+(pT,z)/Njet(pr)

P pr=jetpr, z=p/(D*)/Eet

The production of c
jets (b jets) or their
fragmentation into D*=*

mesons is not well
modeled in current
MC generators

Stefania Spagnolo

ATLAS Fall 2011

D*+ fully reconstructed in the channel *D° and D%>K-t*
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http://link.aps.org/doi/10.1103/PhysRevD.85.052005
http://link.aps.org/doi/10.1103/PhysRevD.85.052005

Np mass and lifetime

Summer 2012 ATLAS INFN
Phys. Rev. D 87, 032002 (2013) C

Value Par. Value
my, 5619.7 = 0.7 MeV =11 MeV ' y?/Nys 1.09
TA, 1.449 = 0.036 ps +0.017 ps Nsig 2184 = 57
[ sig 0.268 = 0.007 Npkg 5970 = 160
S, 1.18 = 0.03 T, 31.1 = 0.8 MeV
S, 1.05 = 0.02 o 0.117 = 0.003 ps
\ 4 A4 : .
- AN a\ Ab properties currently accessible only at
Systematic uncertainty o™ (fs) an® MeV) hadron colliders
Selection/reco. bias 12 0.9
Background fit models 9 0.2 . .
BY, contamination 7 0.2 Mass in good agreement with world average
Residual misalignment 1 - and recent LHCb measurement
Extra material 3 0.2 TN - -

, Lifetime in agreement with world average
Tracking pr scale v o 0.5 (similar error? J
Total systematic error 17 1.1

- J - /
R=TAw/TBd Mmore precise that earlier CDF and DO
determinations agrees with HQET [0.88,0.97]
R=TAb/TBd = 0.960+0.0255%+0.0165Yst and NLO QCD [0.86-0.88]
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O J/P d?o/dprdy from both ATLAS and CMS and ration of prompt to
non-prompt production
0 Same measurements on P(2S) from CMS only
O in CMS prompt production compared with NRQCD Phys. Rev. Lett.
106 (2011) 042002: NLO NRQCD with color octet contributions - in
good agreement with data
O in ATLAS comparison with NNLO* NRQCD color single model Phys.
Rev. Lett. 101 (2008) 152001 - in not too good agreement with data
O non-prompt component compared with FONNL- good agreement
E 103 Ig_l - IPIrolm;)t;r(;sls_sle(;ti;nl o I_§| ?B‘ 10 % Non-prompt cross-section | ?
3 102; ; . ATLAS 154y, 1<20 ; 5 10 i’;t’*jfﬂ?;i’ﬁ:;: .
3 ool 3 S e, Wi
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i; 10‘% ? g’o 10_2% e ?
= 102E ATLAS - Q’:‘;: 10°E arias T =
; = \s=7TeV = S F Ne=7Tev 7
5:10-35 Ldt=22pb" %10 EEdet:zzpb‘1 ™~
@ . N B R B ; 2 n5 | ]
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p;" [GeV] p;" [GeV]

Nucl. Phys. B 850 (2011) 387-444
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Y(nS) differential production cross sections
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CP-violating s phase and Al's )
from BS_>‘J/\I) (P Summer 2012 ATLAS )

JHEP 12 (2012) 072

The transversity frame

[0 x axis: defined by the direction of
the ¢ in the J/P rest frame;

Uy axis: in the plane defined by K
+K-, with py(K*)>0; z axis follows

O O, @ = polar and azimuthal angles
of the p+ in the J/Y rest frame;

0 P angle between the x axis and K

+ in the @ rest frame , , ,
A0 and A|| correspond to final states with CP-even eigenvalues (L=0,2).

A_L corresponds to final states with CP-odd eigenvalue (L=1)

fs(mia ti -Qz) = Ps(fnilam.') ‘ ps(anu) : Ps(Qie tilo't.') - Ps(Ut() : A(.Qi, th') : ps(pTi)
\ angular dependency

. 10

. . d‘r
signal PDF contains: =3O g*)N(6r, ¥, or).
resolution terms, dt df) ;
acceptance term A, , , ,
PDE 1E)or the BOs pT time-dep. amplitudes functions of A, Ao and A,
PDF for the angles and time dep. amplitudes (ignored slightly diff. for B% and anti-B%);

CP-odd terms for Bs = J/WK+K—(f0) included
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Search for DO>p*p- in CMS "

IN;;?
BN  CMS PAS BPH-11-017 :
IR grrrrprrrrp T T T e T [rrrrprrrr T T
. . § — CMS preliminary ]
[0 CMS preliminary result based on 90 pb' of data £ ooy

at \Js=7TeV

Events/(

Search is restricted to D° from D*+ decays;
normalization channel: D%>K-pu+v (challenging
reconstruction and triggering)

D*—I——)DO("M_"IJ_'—)N—'_ r|||||||

Q4O 145 150 155 160 165 170 175

D*+—DY(K-utv)mt A M=M(Kuvr)-M(Kwy)  (MeVic?)

A —
» SM predictions range 10718 to 1013 S sk cus prelminany :
K
Experiment Upper Limit at 90% CL 2 o5
BABAR <1.3x 10° T o ] ]
CDF <2.1x 107 3 ] ]

BELLE <14 x 107 o ] ] ] ] ] 3
CMS PAS BPH-11-017 <5.4 x 107 5§J if m ] E
=0l <1.3x 107 (95% CL) ISP PSP

A M=M(uum)-M(up) — (MeV/c?)
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