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Hot result: new tetraquark
from DO?

[arXiv:1602.07588]

® DO announced new state on 24 Feb: X(5568) — B, n*

* Fraction B, from X(5568): (8.6 £ 1.9+ 1.4)% [y uTTSAssNp-

o m = 5567.842.9 (stat) TV7 (syst) MeV/c? :
I' = 21.9 & 6.4 (stat) 752 (syst) MeV/c?

DO Run II, 10.4 fb'

. DATA

Fit with background shape fixed
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¢ Many citations:
e rXiv:1603.02915, arXiv:1603.02708, arXiv:1603.02498, arXiv:1603.02249,

503.01471, arX|v 1603.01131, arXiv:1603.00708, arXiv:1603.00290,
Xiv:1602.08711, arXiv: 1602 09041 arXiv:1602.08806,
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DO: Observation of a new B it * state

Invitation to:
CDF, LHCb, CMS, ATLAS
Go find those tetraquarks!

Thank you!

Peter

Recent Tevatron Results on Heavy Flavors - Peter H. Garbincius - La Thuile - March 2016
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Hot result: new tetraquark
from LHCb?

® Very preliminary.

[LHCb-CONF-2016-004]
in preparation

® |arge B, samples:
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Hot result: new tetraquark
from LHCDB? . e

in preparation

* Add pion:

S s00F_LHCD Preliminary B ciimesxssose Cross-check with Bz spectrum
‘E_ |:] Combinatorial E :’;‘ limi . B(8747)— Bx ]
S 250 - 3 nf1HOD very preliminary —iigp _i
% 200 } {» 13 Ezm B e 5720y BE% ) —E
= \| ﬂ i ‘r!'|:‘:v 1 3 I:IComblnatodll .
] o o b b i R T H =
5 150 | lllu“.’ﬂlll.:;'nll [::] 'l }—: % =
1 hif P = 8 *%
” i - Known B states
s e E [PRL110 (2013) 151803]
f a fJHEP 1504 (2015) 024]
0 R
e R o LU o o Ty o o e B | e .
S 2] e N T it RNE. S ‘
S i il KX el AL BT Ty S 5k kb b A R SR AL AR A B
5520 5540 / 5560 5580 5600 5620 5640 566:1( Bo:;;s[:n ewi;’]oo v mm(ga:;?)_m(go;fm(n.)?mv/cfim

® No peak observed at 5568 MeV. Cannot confirm DO peak.

® UL cross section ratio ~19%

LHCD _ o(pp — X (5568) + anything) x B (X (5568) — Bo7r)
. Px o(pp — BY + anything)

e details in Moriond QCD
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Physics of
semileptonic B decays
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Physics of
semileptonic B decays

V. ., Size of smallest

CKM element <
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Physics of
semileptonic B decays

V. ., Size of smallest

B oscillations (Am,) ,
and CP(T) violation in CKM element
mixing
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Physics of
semileptonic B decays

Are all leptons
illati ' - equal? t=e, u?
B oscillations (Am,) J Vu S12€ OF smallest {

A CKM element - -
See talks this morning by
and CP(T) violation in Johannes Albrecht and
MixXing Pablo Goldenzweig
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‘ Vubl

the smallest CKM element

Vud Vus Vub
Vekm = | Vea Ves Ve

Via Vis Vi
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Ultimate test of
CKM unitarity

1-5 ‘lexld‘jw;elal;c;-:o;s! L |%| L I L I LI I-
: DT |
1.0 — : W& Am, n .
s -
oVl sin2pB
05 — =
IS 00 e -
el - Disagreement of |V,,| methods:
e N e | |Vapl(incl) = (4.41£0.22) x 1073 PDG
- g é aweszco | |Vip|(excl) = (3.72 £0.16) x 10~3 FNAL/MILC
Y E"s"l l | | “"‘"I | gl [PRD 92 (2015) 014024]
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LHCb’s | V,, | with A,—puv

[Nature Physics 10 (2015) 1038]

® [arge backgrounds for B—rmuv

® ~209% of b-hadrons are A, baryons

® Accurate lattice prediction on A,—p form factors
® Uncertainty ~59% [BRD92(2015)034503 (2015)]

® Result: ~18000 ————F——————7———

Q - [ Combinatorial §
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mo 6 T T =
— PDG 2014 +
% L CKM fitter + i
MILC 2015 +
_'S 5 A,—puv (LHCD)
>

LHCDb result
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B, oscillations
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Precision measurement of Am,

[LHCb-PAPER-2015-031], 3 fb'!

® Time-dependent analysis of flavour-tagged semileptonic
decays

0 (%)— , ,+ 20 &
16 S
® Decay time reconstructed 14 =
. 12 <
with k-factor method 02
8 3
Le MBOPDG 6 2
tcorr = rec Xk(mDu) 4 5
pr. 2 LT>-1
PR S [ T T T S [T TR SN ST S N T U S SN S O
3500 4000 4500 5000
t
k(mDu) Prec/ DES B, mass [MeV/c?]

® Background from charged B decays suppressed by MVA
- _exploiting kinematic and isolation criteria
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Precision measurement of Am,

[LHCb-PAPER-2015-031], 3 fb'!

Amg = (505.0 £ 2.1(stat) & 1.0(syst)) ns "

* Most precise single A =2 Zg;x Zgg — o)

measurement!

e World average (without
this measurement)

Amg = (510 &+ 3) ns~*

® Recent lattice
Im proveme nts [arXiv:1602.03560]
a”OW Stronger ConStralntS 2012 data, best tagging category ! |ps] .
on CKM Unitarity Triangle |

——

13/03/2016

Moriond EW Recent hot results & semileptonic B decays, Jeroen van Tilburg



CP violation in B mixing
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CP violation in B mixing

e Different mixing probability for B—B and B—B
N(B—B) — N(B—B)
N(B—B) + N(B—B)

Ag] =

e So far, only observed in neutral kaon system (s, = 0.2%)

® SM predictions for B systems effectively zero

d —4
Ag) = (_4°1 + 0-6) x 10 Lenz, Nierste [arXiv:1102.4274]

af = (1.94£0.3) x 107?

o e

Moriond EW Recent hot results & semileptonic B decays, Jeroen van Tilburg 13/03/2016



Measurement of a

Untagged asymmetry:

_N(f7t)_N(f7t)_ E _E
= MoT N~ At g+ (Ae =g coslamn)

A(t)

13/03/2016 19
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Measurement of a

Untagged asymmetry:

Qs]
— 7) cos(Amit)

-3

Production asymmetry A:
Detection asymmetry A: +  For B, , Amlarge — time-integrated analysis.
* Muons, kaons, pions. + For By, Am, small — time-dependent analysis to
» Large calibration samples. disentangle ag and Ae.
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Measurement of a

Untagged asymmetry:

Qs]
— 7) cos(Amt)

- Matx

. Production asymmetry A.:
Detection asymmetry Ap: +  For B, , Amlarge — time-integrated analysis.
« Muons, kaons, pions. + For By, Am, small — time-dependent analysis to
« Large calibration samples. disentangle ay and Ap.
B - D (- K"K 77 )u"v B - D (- Ktn n)utv
[PLB 728 (2014) 607] 1.0 fb? [PRL 114 (2015) 041601] 3.0 fb-!

— Systematic dominated by
detection asymmetries
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Current g, status

S = L L L
§ 1 - Standard Model -
3 0- I f\ J

- I \\ GFall'l4

1E ! _

L = 1

[ g B

- '_D -

2 S % : B

X : 7
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Current g, status

® F" 7 7 Standard Model e

) O- I f\ i

- I \ GFall'l4 -

1F X ¢ -

L & ]
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L S LHCb D®ubx + i
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v ad [%)]

DO measured non-zero CPV
in di-muon analysis (3.60)
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Current g, status

[

 Standard Model -

5 [%]

EXpeCted _: ...................................................................... :
sensitivity C 5t =
with full 2‘”
data set - 0 x E
= ]
-3 DO D®uvx ! . 1
S3p R BaBarD'lv | -
B BaBaru . " i
N Belle i1 : 7
-4——— L b l PR R T R T

-3 ) i 0 )
v at [%)

DO measured non-zero CPV
in di-muon analysis (3.60)

Moriond EW Recent hot results & semileptonic B decays, Jeroen van Tilburg 13/03/2016



CPT violation in B mixing
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CPT violation

® CPT symmetry implies equal mass & lifetime B°and B° mesons
_ om —1i0l'/2
- Am —iAT'/2

zZ

® Mass eigenstates:

1BY) = pv1 — 2|B%) + qv1+ 2|B°)
| By) = pV1+ 2|B%) — qv1 — 2| BY)

® (CPviolation: |g/p|#1
® (CPT violation: z# 0

o e
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CPT and Lorentz symmetry

® CPT violation implies Lorentz invariance breaking.
[Greenberg, PRL 89 (2002)]

e SME: EFT framework with CPT- & Lorentz-violating terms.

[Kostelecky, PRD55 (1997) 6760]

® Experimental opportunity: measure SME parameters.

5“’Aau —2| SME coefficient for
— : neutral mesons
Am — AT /2

<

—

® z depends on four-velocity 8% = (1, 5)

® j.e. on momentum and / /VLab
on direction in space A

Earth

® Aaﬂ Is real 4-vector vacuum
~_expectation value - z mostly real
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Sidereal dependence

_ p*Aay,
- Am —iAT'/2

z

[Re(z) = ﬁ [Aao + cos(x)Aaz + sin(x) [Aay sin(Q) + Aax cos(Qf)H ]
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Sidereal dependence

p*Aay,
AR
Am —iAl'/2
[Re(z) = & [Aao + cos(x)Aaz + sin(x) [Aay sin(Q) + Aax cos(f\lf)}] ]
y \
"
High sensitivity from small Angle of B meson with Earth Sidereal frequency
Am and B meson boost. rotational axis. B mesons mostly
<’76> ~ 20 along beam: cos( x )=—0.38
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Sidereal dependence

p*Aay,
AR
Am —iAl'/2
[Re(z) = ﬁ [Aao + cos(x)Aaz + sin(x) [Aay sin(Q) + Aax cos(f\lf)}] ]
y \
"
High sensitivity from small Angle of B meson with Earth Sidereal frequency
Am and B meson boost. rotational axis. B mesons mostly
<’76> ~ 20 along beam: cos( x )=—0.38

Hadronic decay modes give larger
sensitivity than semileptonic

B° — J/y KQ
B) — J/Yy K"K~
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Sidereal dependence

-0 New resii gorar 22150
Am — iAT'/2 Preliming ry)
[Re(z) - & [Aao + cos(x)Aaz + sin(x) [Aay sin(Q) + Aax cos(f\lf)}]
z \
'
High sensitivity from small Angle of B meson with Earth Sidereal frequency
Am and B meson boost. rotational axis. B mesons mostly
<76> ~ 20 along beam: cos( x )=—0.38
Hadronic decay modes give larger Re(z) as function of sidereal phase
e . . . ~~ Tl_l_m_rﬁ_l_ﬂ_rl_l_l_l_rl_l_l_l_l_rﬁ_l_rl_l_rl_l_l_l_l__
sensitivity than semileptonic é’/ At +B°—>J/\|1Kg LHCb |7

0
0.2F & reliminary 3
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Results

[LHCb'PAPER.
* B, system (SME): NeW result (e o005
/ BY BY —-15 \ N el’mlnary)
Aay — 0.38Aa; = (—0.10 £ 0.82 (stat) 4 0.54 (syst)) x 107° GeV
038008 + AaZ’ = (~0.20 + 0.22 (stat) + 0.04 (syst)) x 10#Gev | | O(10%) more precise
Aa®’ = (+1.97 + 1.30 (stat) = 0.29 (syst)) x 10715 GeV ;[FE‘RT}O%?Z%S; gifgol;
N Aaff’ = (+0.44 4 1.26 (stat) + 0.29 (syst)) x 107°GeV ) |

¢ B, system (SME):

(AaZ — 0.38A05 = (—0.89 % 1.41 (stat) = 0.36 (syst)) x 1014 GeV )

( (stat) (syst))
0.38Aa’® + Aab® = (—0.47 £ 0.39 (stat) & 0.08 (syst)) x 1072 GeV O(10) more precise
BY _ 14 — than recent DO result
AaXO — (+1.01 & 2.08 (stat) £ 0.71 (syst)) x 107 GeV e
\_ Aay® = (—3.83 %+ 2.09 (stat) & 0.71 (syst)) x 1074 GeV /

® Bs SyStem: (no assumption on Lorentz breaking)

RQ(ZB(S)) = —0.022 £+ 0.033 (stat) + 0.003 (syst) First measurement
Im(z%) = 0.004 & 0.011 (stat) # 0.002 (syst) of z in B, system

Consistent with CPT and Lorentz symmetry
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Periodogram test

0

L
[ HCb-PAPER-2016.005]

t (preyj

.
Scan large frequency range (not only sidereal): o

/S\ [ 0 0
= | LHCb B-J/yKS
10  preliminary

5F .

O [ Inl.l.m.”. mhl Nl illlyl L \ lwl ]||..l. VL S 1 J.J.\.‘l..|1 | |i lll L. lJ| y 1L nll\.l‘ LI.J.

B'—J/yK*K™ s}

0 HL‘ afl “.m- N ni
0.98 1 1.02 A

5k 3

[a—
)
T T I L} T T

O | 1T A .‘.JIIIM‘.ni PP IRY ;.ilh..\..L.\ o b dle .H,M.“ A TOR Yy I ll.lx_..“JI\\J \|L|\|IL‘I MR

0.5 1 1.5 2 )
Vv [solar-day ™|
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Conclusions

® No confirmation of X(5568) (LHCb-CONF-2016-004 preliminary)

® Semileptonic decays challenging, but interesting

results:
® [, oscillations, CP violation, |V, /V.|.
[LHCb-PAPER-2015-031] [PLB 728 (2014) 607] [NP 10 (2015) 1038]

[PRL 114 (2015) 041601]

® New results on CPT & Lorentz violation
® |mproved limits SME parameters in B, system
® First measurements in B, system (Aa, and 2)

[LHCb-PAPER-2016-005]

% 3 A
o
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Backup
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More B . spectra

T -
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© gl I
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— ]
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Recent hot results & semileptonic B

Pull Candidates / (1 MeV/c2)

Candidates / ( 1 MeV/c?)

[LHCb-CONF-2016-004]
in preparation
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Systematic uncertainties

B° mixing Aaj Aa; Aaxy

Source [x10715 GeV]

Mass correlation - -

Wrong PV assignment - 1

Production asymmetry 0.28 1 0.05
4

Largest contribution:

External input Cy, Sy 0.46 0.28 Fixed Cf_& St que to
Decay width difference  0.07 . correlation with z. External
Neutral kaon asymmetry  — 1 - input not affected by LIV,
Quadratic sum 0.54 4 0.29 due to low boost. Only
works for SME approach.

BY mixing Aa| Aay Aaxy | Re(z) Im(z)

Source [x10714 GeV]

Mass correlation 0.10 3 0.24 0.001  0.002

Peaking background 0.14 3 0.15 0.003 —

Decay time acceptance 0.30 7 0.65 — 0.001

Angular acceptance = — — 0.002  0.001

Quadratic sum 0.36 8 0.71 0.003  0.002

Small 2 No systematic effects expected
with sidereal and boost dependence.
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LHCb’s | V| with A,—puv

Nature Physics 10 (2015) 1038

® Backgrounds too large for inclusive decays and
for exclusive B—muv

® ~209% of b-hadrons are A, baryons

® Use BF(A .—pKm) for normalisation: 5% uncertainty
® Belle measurement [PRL 113 (2014) 04002]

® Accurate lattice prediction on A ,—p form factors:

® Uncertainty ~59%
e [Phys. Rev. D 92, 034503 (2015)]

o Ana IyS | S Strategy 25 : : : ArXIv:1503.01421

® Normalization & main
background A,—A pv

® (Corrected mass from flight
direction (+uncertainty)

(ps~' Gev?)
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Are all leptons equal?
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Semitauonic branching ratio

« Branching ratio to tau leptons sensitTi\_/e to charged Higgs
W—/H—,,4 ﬁ,r
Sb—a— <o
B{, & _ 979 DV
» Large, anomalous BR |ni3—>D( )rv a't'B'aB'a'r.'  [PRL115 (2015 111808
* 3.20 tension with SM™> 4000 _35<qz'< 12.60 GeV/et  LH C'bj

“; —— Data
mmE D
e LHCb: 6 -B:))D*It-|vc(—>le')X
i & B - D*'Iv
» Start with cleaner D" 2 =B:>)D_*uv |
and r—uvv mode. g -ﬁ?s:::::gc'ia:l
&l 2 P
Flt to M= s and E, g
in g2 bins. =
e
=)
3
Q

............................................................
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BR of B—D"tv at LHCb

o | HCb measurement confirms BaBar result.

R(D*) = 0.336 £+ 0.027 (stat) + 0.030 (Syst) [PRL115(2015) 1118031

® |ncreases tension with SM

*A 0.5 C I 1 1 I I 1 Ll 1 I I I 1 1 1 I 1 1 Ll Ll |
o C —— BaBar, PRL109,101802(2012) AY*=1.0 A
Ea’ 0.45 [ == Belle, arXiv:1507.03233 —
L e LHCb, arXiv:1506.08614 a
E m— Average 4
041 =
0.35F 3 | LHCb
Difference with ;_ _;
SM 3.90 (HFAG) r p— 7
= e — =
= SM prediction P(x2) = 55% n
F | AR AN Ch m
2 0.

PR 1
0.3 0.5
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