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Experiment Status [EAEERA Amount of beauty hadrons produced at LHCDb this year.
A factor 1000 more than B-factory experiments

3 5000

Tests of lepton universality. Average number of
Rk+, Ro-and Ry simulation jobs running -
in parallel to trigger on
the farm.
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Publications submitted this year
New associate members
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New particles discovered, all
containing at least one charm quark.

i\’,z

&=



Outline

r HC2-PAPER* ¢r (0 06 | anc r 22en-2h*) 2riet fonmat J Search E“" :1.'“ .
r 'l:t ; n 1(’-.0 - m = Sl =
Sort by Cisplay masL s:
rarilext date 2 e § trexcher & M remidin § wnge st {
HEP 405 recorcs found 1-25" M jump to recorc: Search ok 365 &

41:. Observaticn of J/w Resonances Consistent with Pentaquark States in Aﬂ — J/wK p Decays
T LHCE Collaberation (Roel Aaij [CERN) of a' ). Jul 13, 2015, "5 pp.
Fubkewd in Phys Rev.Lett 115 (2015) 072001
CERN-PH-E=-2015-155, LHCE-PAPER-2073-029
DO 10.1103/EhysRavLell 115072001
e-Pnnt: arXiv:1507.03414 [hep-ex] | PRE
Rederarozy  BibTeX | LaTeX[US) | LeTeX|ZU) | Harvirac | EnciNole
CERN Dacumant Se-var; ADS Absiract Sarvca; Inderactions arg article; Lick 1o BBC News artcla; Link

 SYMMETRY: Link to Discoverny.com raws articla Link to Natura Naws ariche; Link o PBS weasita; Lirk

Datailad racars - Crad by 468 records

2. Test of lepton universality using 5% — K*£* ¢~ decays
LHCE Callabaoation (Roal Asj INIKAHER, Amslacam) al 2L Jun 2h, 2014, 10 pp.
Fublizhec in Phys.Rev.Lett 113 (2014) 131601
CEREN-PH-E=-X114-14), LHCB-BFARER-20° £-[124
Do 10,1109/ g 113, 15120
o=t arXiv 1406 6432 [hep-ex] | PDF
Refererces DRibTeX | LaTeX(U3) | LaTeXISU) | Hanvrac | EacNote

CERN Docyumeant Seryer, ADS Absiad Sareca
Datailad recorg - Cied by 471 reoods

o
-

4. First Evidence for the Decay BY = utu
531 LHCE Collaboration (R Asi| (NIKHEF, Amsterdam) ef i) Nov 2012. 9 op.
Fubishac in Phys Rev.Lett 110 (2013) no.2, 021301
CERN-PH-E=-2012-335, LHCB-FARPER-20°2-043
DO 10 1123/PhysRavt et 1 10.021301
e-2nnt: arXiv1211,2674 [hep-ex] | PDF
Beforarcas DibTax | LaTaX(US) | LaTexXISU) | danrac | Eacola
GERN Dooumant Secver; ADS Abswact Seracs
Dataliad raoarm - rad hy 45809 reoowss

4. Maasuremant of Form-Factor-Indepandant Obsarvablas In tha Dacay BY — K*Cutyu~
TILHCE Callaberamion (K Az (NIKH=F Amesterdam) efac) fwg £ 2003 & pp
Fublgnac in PhysRev.lett 111 (2013) 191301
ILHCH-PAPER-2N2-057 CERN-FH-EF-2073-1286
con 'F A, 11113
-2t arXiv: 13081707 (hep-ex] | PDE
Referarcas  BIbTaX | LATEX(US) | LaTeXIEW) | danoac | Eacots
CERN Documard Surver; ADS Absiract Servics
Datailed ronard - Giexd by 382 reevds

+ CP violation as that was
our initial raison d’étre
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Limited time: focus on spectroscopy and

lepton universality.

About CERN Quden:s & Eduaatos Scientists CERN commusity
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LHCb

The LHCb exper mant will shed light on why we live in 2 universe that appears to be

composed almrost entirely of matter, but no artimatter



Search for €2c baryons

* Search for excited ()¢ (css) states, only two previously known.

Phys. Rev. Lett. 118, 182001
I | I I I I | I I I I | I I I I

* Add a kaon (su) to a =c baryon (csu) LHCb

dates / (1 MeV)

e Observe five new states, a record for
a single publication?
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e Results consistent with heavy quark  100f “
effective theory. |
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 Four of these now confirmed by Belle. BELLE-PREPRINT-2017-22]
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The Z¢c baryon

e The doubly charmed = baryon is an elusive particle, where hints of the =+
were previously seen by the SELEX collaboration® but never confirmed.

Phys. Rev. Lett. 119, 112001 (2017)

Look for doubly-charged =cc*+by adding  « ,, F—————— . -
. > 180 1HCb 13 TeVv :
two pions and a kaon to a Act baryon. 2 160F f =
" 140 - +Data E
5 - —Total .
w > > w 120 ...Signal x 3
o . . o ’ 1,1: % 100 ;_ ---Background + 'l' _
| oy d’ g 80F Foad }
Sclcl { - ] - | 8 60 -[- + ! -H- ) +'l' 'l' e
N T 20F E
c - - - s I K e e i .
L w 3500 3600 ("+3;?g4 Vie]
+ L - | mcan fla/Pn cv/c
"V - CZ [T | d
First doubly heavy
quark particle ever
seen:

[1]: Phys. Rev. Lett. 89 (2002) 112001, Phys. Lett. B628 (2005) 18
5 5 A


http://dx.doi.org/10.1103/PhysRevLett.119.112001
http://dx.doi.org/10.1103/PhysRevLett.119.112001

New physics with B decays

e Beauty quarks decay via the weak force.

Beta decay

beauty decay
b > > C
W
Z —
Vy

e The W and Z bosons are over 10 times heavier than the initial decaying
b-hadron, but still mediate the decay.

e Measuring beauty quark decays can tell us about new high mass
particles.

* Such particles can change the rate, angular distributio_gn and CP
violation of beauty decays. ¢ © 2;32,

\'_\.‘



CP-violation

e We live In a matter dominated universe.

e [f anti-matter and matter are treated perfectly equally, then nothing
leftover after the big bang.

e The way out is CP-violation - a difference in the way the fundamental
forces treat matter and anti-matter.
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e But the amount of CP violation in the Standard Model is about 10 orders
of magnitude too small for baryogenesis.

e We expect to find new sources of CP violation beyond the

Standard Model.
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http://dx.doi.org/10.1103/PhysRevLett.108.201601

Search for new CPV sources

e We look for CPV by testing the unitarity of CKM matrix, and studying
meson oscillations.

Latest gamma combination: First measurement of ¢sdd from BY — K*K*
v = (76.8 jgz%)o Exploit interference between oscillation and decay.
consistent with CKM unitarity. = e 1 § (A . N '
[LHCb-CONF-2017-004] e
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Results consistent with Standard Model.

$% = —0.10+0.13+0.141ad (preliminary)
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Lepton universality

In the Standard Model, the three charged leptons, apart their mass, are identical
copies of each other - a concept known as lepton universality.

Ve
W= V\/\< = W= m/v< = W= wv<
€ [

We want to test this in B decays:

v,
-

b > > C b > v > S
W~ t

& v/Z al

Uy =

B(B— K™ pu*u~)
B(B— K®ete™)
10 = £

Y ]

Rpoy = Ry =



Lepton universality violation?

e |In 2014, we measured Rk, in 2015, we measured Rp-.

* This year, we measured Rk+, Ro-and Rysy1:2:3.

~ [ ' T T T T I T T T T I T I T T T T | ]
* 05K BaBar, PRL109,101802(2012) ) —]
) - Belle, PRD92 072014(2015) Ay = 1.0 contours =
Y, - LHCb, PRL115,111803(2015) . - )
0.45 - Belle, PRD94.072007(2016) e=== SM Predictions ] Ry (10<¢*<60GeV/ch) —e—i
R Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) .
s LHCb, FPCP2017 R(D)=0.299(11) ENAL/MILC (2015) -
04 [ [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _T
- 7] R0 (0045 < ¢ <1.1 GeV?/c?) —e——A
035 .~ —
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R(D)
e Deviations in both tree- and loop-level B decays, hints of new physics?

e For tree-level decays, the mass scale ~1.5TeV, interesting for direct searches
now. For loop-level up to ~50 TeV scale, interesting for future collider.

[1] JHEP 08 (2017) 055, [2] arXiv:1708.08856 [3], arXiv:1711.05623 R
11 a2 i‘%
S BTN


http://dx.doi.org/10.1007/JHEP08(2017)055
http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1711.05623

Summary and prospects

e 2017 has been an excellent year for LHCDb, with plenty of data and

exciting results.
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* | could not talk about everything

12

we do today: anti-proton
production in pHe collisions,
electroweak and heavy ion
physics to name a few.

Looking to the future with the
LS2 upgrade 1 and possibly with
an LS4 upgrade 2 [EOI].

For now we hope for ~TeV scale
NP!
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