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Why is CP violation in b-baryon decays interesting?

CP violation in the meson sector

e CP violation first observed in the kaon sector and since been observed
and well measured in B®, B* and B? decays.

e However no deviations from the SM have been conclusively established
in the meson sector.

CP violation in the baryon sector
e Not yet observed but CKM mechanism predicts sizeable amount of CPV
in b baryons.
e Atthe LHC b- baryons are now produced in unprecedented quantities
facilitating searches for CPV in the baryon sector

e |Important to measure CP asymmetries in as many decay modes as
possible to check consistency of the CKM mechanism throughout
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What exactly am | going to talk about?

e Discussion of the search for CPV in Ag —pr~ (K™) decays at CDF
(Phys. Rev. Lett, 113:242001, 2014)

e Qutline of recent results from the LHCb experiment namely:

e CP searches in /1% —AK*K™ (™) wHep 05081 (2016)
o First evidence for CP violation in baryons (nature prysics 13, 391396 (2017))
e Searches for CPV in rare Ag—> PK ™t~ decays (arxiv:1703.00256, 2017)

e Discussion of potential future CPV measurements in the baryon sector at
LHCb.
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CPVin A% —pK~ (77) decays

e Baryon equivalent of
B® —K* (r*)1~ decays

e Receives contributions from

d .
Ag — pr” BY s ntn- penguins
d d e Theoretical predictions fairly
s _ W precise at ~ 3% uncertainty,
b d U b 4 i Phys. Rev. D 91, 116007 (2015)
1

e CPV predicted to be around ~

u u
m d u 5% Prys. Rev. D 91, 116007 (2015)
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CPVin A% —pK~ (77) decays

Phys. Rev. Lett, 113:242001, 2014
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Aside: the LHCb detector

The LHCb detector is a single arm spectrometer which covers the forward
region (2<n<5) at the LHC.

. Int. J. Mod. Phys. A 30, 1530022 (2015)
Muon identification

Parti¢le identification Side View Ecar HCA va M3 \
M3

SPD/PS
Good PV Magnet RICH2\ M1 A —
3
and IP ™
resoldfignts
Tt
o

Sz

A plp ~ 0.4% at 5 GeV, op = 20 um for high pr tracks.

7 /K separation: ex ~90%, 5% 7 — K mis-id.
m / p separation: €, ~97%, 1-3% 1 — 1 mis-id.
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Experimental issues
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Experimental approaches

» Measure AAcp difference of CP asymmetries:

A (A = T/1ph™) = Acp(8) = J/tph™) H{ Aproa(AD | Areco(h™) +

AAcp =Araw(A) = J/1hpr™) = Aaw (A — J/tpK ™)
=Acp(A) = J/tpr™) — Acp(A) = J/bpK ™) +HAreco () = Areco (K T)

Cancel Aprod and Areco(p) Measured on data
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LHCb results: CPV in AQ —A h*h™

e Search for the charmless decays A) —A h*h~
o First observation of A —AK*K™ and A} - AK*7~
e Searches also made for A} — Am*7~ but no significant excess observed.

e Control decays mediated via a A%: A% — A% (—An*)7™ or
AY — A% (= AK*) T~ (expect minimal CP violation.)

* Measure relative to control decays to minimize sensitivity to the A9
production asymmetry as well as dependence on the reconstruction
asymmetries.
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LHCb results: CPV in AQ —A h*h™
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Acp(AK*T™)
Acp(AK*K™)

=0.583£0.23£0.11
=0.28 £0.10 = 0.07
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Search for CPV in A) —pr~ 77~ and A —pr~ K*K~

decays
d(s) ) d(s)l>
= (KT) 7 (K7)
u J H o
Tree - Penguin -
CICH N i® } .
u J u
U L <Summ—]
A‘{d—>—d bp f—— } P
b u J Ag u
Vi w- t
d ] 7 }
Vid re Vip Vi ﬂ
u b d

A} —pr~mtr~ and AY —pr~ K*K™ decays are particular sensitive to CP
affects as penguin and diagrams ~ magnitude and the potential interference
of resonances, e.g. N* — pr and p(770)° — 7+n~
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A non-zero CP-odd observable
implies CP violation
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Search for CPV in A) —pr~ 77~ and A —pr~ K*K~
decays

Phase space bin mipr) m(pTisiow’) m(* Mgjow’). MUT* Ttast’) K41

1 (1.07,1.23) 0.3
2 (1.07,1.23) G0
3 (1.231.35) .3

4 (1.23.35) e
5 (1.355.34) (1.07,2.00) M(T* Tgjow ) < 0.78 O M(T* TTat”) < 0.78 o35
6 (1.355.34) (1.07,2.00) MG Tgiow”) < 0.78 O M(T* TMgagt") < 0.78 G
7 (1.355.34) (1.07,2.00) M(TT* Tgjow ) > 0.78 and mM(T* Meag) > 0.78 ()
8 (1.355.34) (1.07,2.00) M(TT* Tgjow ) > 0.78 and m(7r* Mgag) > 0.78 Gm
9 (1.355.34) (2.00,4.00) M Tgow”) < 0.78 O M(T* Tgagt") < 0.78 0.3
10 (1.35,5.34) (2.00,4.00) MOT* Tgjow™) < 0.78 O M(TT* Teagt) < 0.78 (F.m
11 (1.355.34) (2.00,4.00) M(TT* Tgjow ) > 0.78 and m(T* Mgagy) > 0.78 .9
12 (1.355.34) (2.00,4.00) M@ Mgiow”) > 0.78 and M(T* Tag) > 0.78 G
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Event selection and yields

- LHCb — Full fit

i by o Combine tracks identified as
§ iy whivisid protons, pions, or kaons that
=9 .
£ originate from a common vertex
3 6,646+105 )
= and tag using proton charge.

500

e Remove backgrounds from b — ¢
T e transitions with vetoes and use
. roTE GV BDT to reduce combinatorial
LHCb — Full fit
, — Mk background.
== Part-rec. bkg.
4o o o All selections and binning
: i ol schemes selected before looking
3 e at signal region.
e 1,030£56
e Use
/lg — Ay (prtn™ (KYK™))7m™ as
T a control mode.

m(M'K‘éi) [GeV/c

h .
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Efficiencies and systematic uncertainties

e Signal candidates are split into four categories, C;/ ~and A9 or A_g.
e The reconstruction efficiency for C3 is = C; within uncertainties.
e The asymmetries in the signal samples are measured with a

simultaneous unbinned maximum likelihood fit to the mass distribution
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Results for A —pr~ 7w
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Nature Physics 13, 391396 (2017)
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Global: 3.30 — First evidence for CP violation in baryon sector
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Flavour Physics and CP violation 2017

= LHCb Scheme B

. o

FEox =
F= % =P M) 1
S 0 ]

Foalo y2mdf=20.7/10 E

I T S | it
: ¢ 3
[ el ¥2Mndf=30.5/10 E

1 2 3
[Pl [rad]

Eluned Smith



Search for CPV in |Vjs| transitions

b
e Decay occurs via a Flavour Changing Neutral Current.
e Sensitive to NP effects
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Aside: search for CPV in equivalent charmounium modes
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Using Acp vs using triple products to look for CPV

0 = strong phase, ¢ = weak phase
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Search for CPV in |Vjs| transitions
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arXiv:1703.00256 (2017)

o Measure AAcp = Acp(A)— pK™ ™) — Acp(AD— Jh pK™)
e AAcp =(-3.5+ 5.0 (stat) £ 0.2 (syst)) x 1072 — no significant CPV
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Search for CPV in |Vjs| transitions

proportional to

Cs = pyv - (B x Pr-),

Pu- - (ﬁﬁ X [Tl\”r)'

N(C; > 0) = N(C; < 0)

A A P
N(Cz>0)+N(Cp<0) 7

T

Todd _
acp C =

(A7 - A7),

N

| =

ag—odd = (1.2 £ 5.0(stat) £ 0.7(syst)) x 1072 — no significant CPV
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Potential future measurements: First observation of a b — d
transition in the baryon sector
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e The Cabibbo-suppressed equivalent channel of Ag—> pPK™ up is
A} — prptp.

e This channel has recently been observed for the first time and is the first
observation of a b — d transition in the baryon sector uep o4 (2017) 029).

e With more data this channel could also be used in CPV searches.
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Potential future measurements: measuring v with b—
baryons

b Vva c b V OU( o
0. -
§< }oo Y{ }DU
s s
A * A *
° u VUS u } ° u chs u
A

o A9 — AD decays can be used to determine the CKM angle  through
CP violation caused by the interference of the b — vand b — ¢
tree-level transitions, as done in the meson sector.

o B(AY — AD) ~ 1078, B(AY — AD) ~ 10~7, not observed to date.
e Related decay /1?, — DpK™ however has been seen.
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Conclusions

e Searches for CPV b baryons are still in the early stages but with
increased data from the LHC this area is becoming more of interest.

e CP violation is expected in the baryon sector and first evidence of it has
been seen by LHCb.

e Looking for CP violation in baryons can provide an important range of
CPV searches which can complement those being undertaken in the
meson sector and could be an important tool in the search for new
physics.
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Back-up slides
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GLW method of measuring the CKM angle ~

» GLW method
» CP eigenstates e.g. D — KK

" e/ D K \» Gronau, London, Wyler (1991)
6 D K Af = |F|ef(5F—¢F) + |5|ei(5s—¢>s)

i —_ Ar = |F|eOFtoF) || g|ei(0stes)
e‘ 58 ,Ix "Do K _/ b|eca|use strong phases (a’|) dc|m 't change
LS

sign under CP while weak phases (%) do

v is the weak phase difference ¢ — ¢s

_ 2|F||5|sin(6;:—55)sin(¢,: —¢5)
|F|2 + |S|? + 2|F||S| cos(dF — &s) cos(dr — ¢s)
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CPVin A% — A ¢ triple products

b — sss loop (penguin)
process
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Results
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