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Heavy baryons

* From the quark model (with u,d,s,c,b quarks):

75 (ground state) baryons expected

* “Heavy” baryons: contain c(charm) or h(beauty) quark
e 56 heavy baryons expected
* Observed baryons with ¢ quark: 15

 Observed baryons with a b quark: 8

* Why b-baryons at CMS?
* b — ¢ =>decays to J/y(uu) => suitable to trigger on

 decays to (long-lived) hyperons => secondary (displaced) vertices
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SU(4) with four quarks: u,d,s,b

 Only 8 baryons with b-quarks have been observed:

e Evidence often rests on a small number of events

 Most of the predicted ground states are still to be discovered
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In this talk

I) Ay(udb) 1) =% (wub), S0 (ddb)

Ab — J/@DA El()*):l: N AbT(':l:

Processed data:
p-p collisions, \s =7 TeV
=2 fb!

Mirena Ivova b-baryon searches at the CMS experiment



What 1s known about charged X

Four charged states observed so far:
Zl()*)+ (uub) — APmt

Zl()*)_ (ddb) — Agﬂ'_

Theoretical expectations:

2}, property Expected value (MeV /c?)
m(Z; ) - m(A)) 180 - 210

m(Z}) - m(Z; ) 10 - 40

m(E,) - m(Z;) 5-17

LSy ), TE;) ~8, ~15
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What 1s known about charged X
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® >, states first observed by CDF (2006)
e [ atest result: CDF, L = 6.0/fb (2010)
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> search at CMS

Search for the decays:

Zl()*)i — AT

LA = pr
L’J/wiuu

Note the different Ay decay channel w.r.t. CDF 260Gy \rp+

Remarks:

e Y decays strongly
=> decay takes place at the primary vertex

e pion from X 1s soft
=> need to distinguish among tens of other (higher energy) pions

First, start with Ay ...
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Ap — J/YA

Why this decay channel?
* two muons to trigger on
e two displaced vertices

From PDG:
Mppg(Ab) — 56202(16) MeV/02

ct(Ay) = 415um

Moy
What do I want to measure with Ap? 3 v
* X, cross-section relative to Ay i
* Ap polarization
e test for heavy quark factorization
and PQCD models
* how do heavy quarks hadronize?

* 1s polarization preserved?
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1)

2)

J/y selection:

* pr(pt,u-)

* pr(J/y)

e vertex probability (J/y)

* J/y mass:

A selection:
* pr(p)

* pr(m)

* pr(A)

* CTxy(A)

* pointing angle w.r.t. J/y vertex, cos0(A)

* vertex probability (A)

* A mass

J/y and A selection
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CMS work
in progress 1

e i e e Sk,

Jhp candidates mass (GeV/c?)

CMS work _
in progress |
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Ayp selection

example distribution of reconstructed Ay signal:

3Abselecti0n: N?601-.----.----.----.----.----__
S - CMS preliminary .
. > - -
pr(Ab) 8 b \s=7Tev det=194 pb’” :
* CTxy(Ab) o F E
o S 40| -
e pointing angle w.r.t. PV cos0(Av) o -
« vertex probability (Ab) £ b E
o 20F =
o]l L LV 4 Jq_:L
SR L D I a0
0 5.4 5.5 5.6 5.7 58
CERN-CMS-DP-2011-007 Jhp A mass [GeV/c’
Primary vertex selection Av decay
e ~ 6 pile-up events (=> primary vertices) vertex GO
on average per event Ay reconstructed
« PV chosen from best (smallest) pointing angle 0 momentum
Ay pointing angle . ,
O O QO O primary vertices
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Challenges:
e soft (low energy) pion coming from PV
e huge combinatorial background 6000
Many requirements to assure that:

e selected pion 1s from same PV as Ay 3000

4)

> selection

9000
8000
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CMS work
in progress
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Y and soft txp selection:
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* Ap,mass

* p1(Ttsh)
* (v, Ab) distance of closest approach

generated msp pr (GeV/c)

* Ttsp Impact parameters in 3D

assure s
* 7tsp Impact parameters in 3D significance compatibility
e A( point of cl.appr.(msp, Ab), PV) with PV and Ay

* AR(7tsb, Ab) in (1,¢)
o # valid pixel hits (nsp)

+ # valid hits (zy) frack q“a“?
+ */NDF (1sp) requirements
* pr(Zv)
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Preliminary results: Z[g*H

c\’,c'; 60:— CMS work in progress - Expected signal region Q € (0.03, 0.1) GeV/c?
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Preliminary results: Z[g*)_
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Preliminary results: + and - together
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Summary, ongoing and plans

* So far observed:
* clean signal of Ay
* hints of charged X states
* Ongoing and plans:
* angular analysis of Ay, polarization studies

e measurement Xy cross-section relative to Ap
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Thank you for your attention!

O
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