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Measurement of the fraction of 7°(15) originating
from x;(LP) decays in pp collisions at /5 = 7 TeV

JHEP 1211 (2012) 031 —

The LHCb collaboration

ABSTRACT: The production of x,(1P) mesons in pp collisions at a centre-of-mass energy
of TTeV is studied using 32pb~" of data collected with the LHCb detector. The x(1P)
mesons are reconstructed in the decay mode y,(1P) =+ T{18)y = p*py. The fraction
of T(19) originating from x(1P) decays in the T(15) transverse momentum range 6 <
prY08) < 15GeV/e and rapidity range 2.0 < 371%) < 4.5 is measured to be (20.7 + 5.7+
2.17%])%, where the first uncertainty is statistical, the secand is systematic and the last
gives the range of the result due to the unknown 1(15) and x;(1P) polarizations.
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- Observation of the Bg — 1'n’ decay

arXiv:1503.07483,
(submitted to PRL)

Abstract.
The first observation of the BY — n'n’ decay is reported. The study is based
on a sample of proton-proton collisions to 3.0fb~! of integrated
luminesity collected with the LHCh detector. The significance of the signal is 6.4

standard deviations. The branching fraction is measured to be [3.31 = 0.64 (stat) =

0.28 (syst) = 0.12 (norm)] x 10~%, where the third uncertainty comes from the B —

7' K* branching fraction that is used as a normalisation. In addition, the charge

asymmetries of B — 7/K* and B* — ¢K*, which are control channels, are

measured to be (—0.2 = 1.3)% and (+1.7 + 1.3)%, respectively. All results are
stent with i

Submitted to Phys. Rev. Lett.

—_ﬁ

Nucl.Phys. B 867 (2013) 547-566

LHCb

Candidates/ (10 MeV/c?)

"

Nucl. Phys.

B 867, 1-18 (2013)
—
¢ Data

Full fit |

B,—= Ky

= = Combinatorial
o B* = K™nl0y

—=B—=Vr'X

L 2

oy
O-
o

Sl P

e et P N

4500

PO LTI

5000

5500
M(K "y

A study of CP violation in
BT — DhT (h = K, w) with the
modes D — KFntn0, D — nta— 20
and D - KTK—#°

arXiv:1504.05442,
(Subm/ffed fa PRD) llaboratiod!]

Abstract

An analysis of the decays of BT — DK and BT — Da™ is presented in which
the 2 meson is reconstructed in the three-body final states K=n*x0
KK~ 1", Using data from LHCb corresponding to an integrated luminosity of
3.0 " of pp collisions, measurements of several CP ohservables are performed.
First observations are obtained of the suppressed ADS decay BT — 7™ K 2" pn™
and the quasi-GIW decay BT — [K™K~a"|pn7. The results are interpreted in the
context of the unitarity triangle angle v and related parameters.

-’ and

—_—



= LHCb detector : single-arm forward spectrometer
m2<n<H

LHCb MC
{s=7TeV

/2
6, [rad]

= Main challenge :
= Perform precision measurements in hadronic environment

« Large multiplicities
Large background from high inelastic pp collisions
Small Branching Ratio for radiative B meson decay

.. but ...

30 kHz bb rate
Access to all b specic

This also mea
fight against
backgrounds

s By, B, Bs, Bl AL S,

ns we have T0
many unknown
I



Photon reconstruction @ LHCb

Converted photons

« Calorimetric photons: unconverted photons or conversion after magnet
=> from calorimeters deposit

« di-electron photons : conversion before magnet
=> from tracking system

Photon combinatorial background

« Photon combinatorial is huge (~10 calorimetric photon/events)
* Large calorimeter occupancy => large background

=> neutrallD to separate neutral EM showers from hadronic deposits & e*
« Above pT ~2.5 GeV/c n° likely produced a single Ecal cluster

=> photon/pi0 separation with multivariate analysis



Radiative decays reconstruction

 Due to trigger rate constraint and large

combinatorial, the radiative decays at LHCb mostly

rely on high pT photons :

 LO threshold in 2011(2012) : E;(y) > 2.5 (3.0) GeV
 Typical LO+HLT trigger efficiency on rad. ~ 30-40%
: (di)muon channel ¢,.,~80-90%

* For comparison

* Mass resolution driven by calorimeter resolution :

« op(Bo>Xy) ~ 90 MeV/c?

* For comparison

« oy(B—>hh) ~ 25 MeV/c?

« op(B>J/yX) <

10 MeV/c?

* No constraint on vertexing from y + large photon
multiplicity + limited mass resolution :
* Large combinatorial background
* partially rec’ed and peaking backgrounds

—Tight selections are applied
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b—q fransitions

= Radiative b—qy (g=d,s) transition : FCNC electro-magnetic penguin

u,c,t

W W

New physics affects the transition dynamics

BR, A, Isospin asymmetry, helicity structure of the photon



UJCI?, Radiative decays : B,—Vy

“% 600
-
Relative BR of B,—~K*y and B.—» oy = 500
< 400
% 300
 Branching fractions : 200
x [HFAG, 2010] 100
BR(B°—K"y)=(4.33+0.15)x10-5 .
BR(BS—)(DY) :(5'7+2'1-1.8)X]‘O_5 5
« SM-predictions have large hadronic uncertainty -
mostly canceling in the ratio :
x [Ali, Pecjak, Greub, 2008] o
R=BR(K™y)/BR(gy) = 1.0 = 0.2 > :jg
b=
2 120
* LHCb result (1.0 fb! - 2011 data) > 100
[Nuclear Physics B, 867, 1-18 (2013)] |S g0
B(B"— K*y) . 1 (e 2 60
BB S &) 1.23 + 0.06 (stat.) + 0.04 (syst.) + 0.10 (f5/ fa) §
B(B®— ¢y) = (3.5 + 0.4) x 1075 "
Results on 0.37 fb! published in Phys. Rev. D 85, 112013 (2012) 3 :
.5k
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Direct CP asymmetry in BO—K*0y
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SM-prediction :
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[Nuclear Physics B, 867, 1-18 (2013)] 200
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—_—

00
| Prys. Rev. D72 (2005) 014013 -
00
A= -0.0061 + 0.0043 :
100 :—/______—3
Acp enhanced in NP scenarii 0 B S
Stl ] |'|' I 1 1 I 1 } I I l ] } | I I+| |
_0 i TSN AT i N ar A
. 4500 5000 5500 6000
Previous best measurement : NE b AT
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Uidz Photon polarisation in b—qy transitions

- @ Since the W couples to left-handed
h s,d quarks, the photon emitted in b—-sy is
left-handed in the SM
(up to corrections of order m_/m,)

Leading (em dipole) operator in effective Hamiltonian :

O, cmsSc™F, (1+y;)b+mSc”F,  (1-y;)b

tanl//:‘AL(bL = Serr) A (b = s y )| =mg I'my

¢ Right-handed component could be
‘ \ enhanced in NP models
" s,d

b H" X-"g' XO



B*— (Knm)y

Prslow X P, fast

Up-down asymmetry is proportional
to the photon polarisation 2,

0:. s l",-.._ /- .“l'\- oo

LHCb
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Full angular analysis is

In progress

[Phys. Rev. Lett. 112, 161801 (2014)] ‘

Photons from radiative decays are polarized @ 5.2c significance
1o | Firstdirect observation of photon polarization in b—sy transition




LI!C{? Photon polarization in B>y

« Untagged decay time in B; = ¢y

[s. (t)~]A|%e~Tst[cosh(ATyt/2) —| A% sinh(AT,t/2)],

AT,
— = 0.107 + 0.065
Is

» The photon polarization is carried by A"

B - fcryL Fraction of
B > frpYr photon helicities

AP sin 2ycos@s, tany =

. e A [Muheim, Xie, Zwicky,
SM exPec’ra‘rlon- A | 0.047 + O.AOZS + 0.015 PLB664(08)174]
* Left-Right Symmetric model: A"~0.7

Analysis of run I data (~3x103 reconstructed B,—oy) in progress
Expected A sensitivity of ~0.3 (statistically limited)
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ngclz Radiative decays of X(3872) UE{C[{’

« Evidence for the X(3872)— w(2S)y

Mass of X(3872) and quantum numbers

JPC=1++ hag beer)u measqur'ed. 400¢ X(3872) - J/ V7
But nature is still not clear: cc, DD*,
tetraquark?

 Branching fractions ratio
R,,=BR(X(3872)—J/y v)/BR(X(3872)—>y(2S) v)

b)
LHCb

300 A

200

wdidates/ (10 MeV/c?)

Car

100}

is dependent on nature of the X(3872):
* Ry, = 1.2 —15 for pure charmonium c¢
Ryy = (3 +4) x 1073 for DD* molecule
* Ry, = 0.5—=5 for cc-DD* admixture a0,

30f

X(3872) is reconstructed in B —» X(3872)K*
3 b analysis, Nucl. Phys. B 886 (2014) 665-680

Ryy=(2.46+£0.64+0.29)

4 .40 evidence B
Does not support pure DD* interpretation

20

10F

Candidates/ (10 MeV/c?)
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RO o diative transitions of quarkonia

Relative prompt production rate of xi

* x. (xp) are reconstructed in the J/y vy, J/¥ = utu=(Y(nS)y, Y(nS) - u*tu~)

final state
red 1=1
colour-octet state
Motivation 1=0,1, z/ oy antired
« Test of QCD models for <@ Eree”d_?:)%.a

quarkonia production (color-

. Transition to the
singlet, color-octet processes,

observable state.

etc. ); Quantum numbers change!

« Impact on the J/¢ and Y(nS) — NRQCD model (CS + CO processes)
polarization measurement
(fI"OCﬂOﬂ of feed-down from Xq)- [plots from Edwige Tournefiers talk

(LHCb-TALK-2013-165)]

colour-singlet state
red
J=1
4' antired
- -4---

* Background from B — x.X decays.

— Color Singlet Model (CSM)

13



[plot from Sasha
Mazurov’s Ph.D talk]
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L Bottomonium
9.4f ) family
J%=0"* 1 b bl (0,1,2y* (1,2,3)
L=0 o 1 1 2

Xp(3P) - Y(3S)y is observed
for the first time

my, 3p) = (10511.3 +1.7
+2.5) MeV/c?

Fraction of Y(nS) originating
from y, decays is measured
as a function of Y transverse
momentum

3 b analysis, Eur. Phys. J. € (2014) 74.3092
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Study of relative prompt x;

g - LHCb
. ° % \?=7T€V (b) Ty 7
pr'oducflon rate using = T 1< p) <13 GeVe |
converted photons A
1 b analysis, JHEP 10 (2013) 115 S [ h
Usage of converted photons 8
allows to improve energy 0 N
resolution and to resolve 38G.V oo~z ——3bo" 40? = ;5_60'(' el
. My -Mpte) [MeVie
Xc1 and x., peaks. Sy wm—y(25) or g
. . 45 MV JPE‘ —
First evidence (4.30) for a . —
duction at a high- , ! g1 L bich 2ey=dia
Xco prodauc ] 9 ) ES P, e— N\ NLO NRQCD
energy hadron collider is S | cmremn
obtained. 414 MoV ® 1%‘ ++ \ \\\
] : \ \\& \"\ D ~ —Q\‘& R
The results are obtained i, m—lly \\&*““ AR
assuming x. mesons are 3GeV -

produced unpolarized. [plot from L. Li Gioi's talk]

_\llw\\l L TN T YT T N T
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I [GeVic]

Integrated over p;//V ratio:

0(Xc0)/0(Xe2) = 1.19 + 0.27(stat) + 0.29(syst) + 0.16(p; model) + 0.09(Br)
15
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el CQ Run IT prospects

« Explore the V.4 suppressed b—dy penguin

Branching ratio & asymmetry of exclusive b—(d + s)y
modes provide a direct constraint on UT

Such transition could be accessible in LHCb via
BO— p/oy , B*—as*y

Could separate the b—dy transition B,.— K*y from B, using converted photons

« Reach < 10 % resolution on photon polarisation

scenario I C’;:JP) = 0, C.;,gNP) e C
Martino Borsato
;: A2, Alm :: A2 | Alm |
" o Prospective from K*ee
o ® - . angular analysis
02 RUN1 02 Run1&2

03 02 01 0 0.1 0.2 0.3 -0.3 S
‘‘‘‘‘‘‘‘‘ -

16 Re[C"0)



L@C]z Conclusions

LHCb provides a unique laboratory for precise measurements
in radiative decay

Great harvest of results with 2011-2012 RunI
World best measurements in radiative Vy decays ...

.. consistent with SM expectation

Many updated or new results expected soon
runIT will allow to explore rarest radiative decays
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LHC operations (run I)

LHC delivered Js=7 TeV pp collisions in 2010-2011 and /s=8 TeV in 2012
Instantaneous luminosity : 4x1032 cm-2s-1 factor 2 beyond the design
visible pp interaction per bunch crossing of O(1.5) factor 4 beyond the design

1500 —

600

1000 —

LHCb Integrated Luminosity at 4 TeV in 2012 LHCb Integrated Luminosity at 3.5 TeV [2011-10-03 18:05:06 ]
E Integrated LHCh Efficiency breakdown - - - | = _ : : |
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0

LHCb collected 0.037 fb1in 2010 -> ~2.5 x 10° bb in the LHCb acceptance
+1.0 fb! in 2011 -> ~8.0 x 1010 bb

. +2.0 fblin 2012 > ~2 x10U bb



Generic background contamination :
« Combinatorial background
* Partially reconstructed b—sy decays
« Partially reconstructed b—>c (X+hhm)

Specnflc peaking backgrounds :
b-baryons A,—>A"(Kp)y
* Charmless By .—~h*h'm"

No trivial side-bands shape
« Threshold effect due to different mass
resolution in trigger and offline analysis

Branching fraction

Relative contamination to

20

(x10°) B K B ¢y
Al — Ay unknown (1.0+£03)% (0.4+£0.3)%
B0 K0y 1.26 4 0.31 (theo. [20]) (0.8+0.2)% ©(10~%)
B°— Ktn—x"  35.97%% (exp. [4]) (05+£0.1)% O(107%)
Bl— Ktn~7n%  unknown (02+02)% O(107%)
BY— K+K_ 0 unknown O(107%) (0.5 +£0.5)%
Bt — K*0gty 2077 (exp. [4]) (33+1.1)% <6x10~*
BY'— Kﬂr‘w“w 41+ 4 (exp. [4]) (45+£1.7% O(107%)

Bt — 6Kty
B — K*(¢)n°X

3x 107
few%

3.5+ 0.6 (exp. [4])
O(10%) [4]

(1.8 +0.3)%
few%
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B—Vy branching fractions: systematics

 Systematic uncertainty dominated by f./f (+=8%) [Phys. Rev. D 85 (2012) 032008
from semi-leptonic B, 4 D uvX and hadronic B, 4, »Dyh V 026740
fd VY —0.020

« Background model (+=2%)

Contamination level and shape

« Reconstruction and selection (£2%)

Trigger and selection efficiencies, Particle reconstruction & identification

Update with whole 3fb-! sample ongoing
both statistical and systematical uncertainty will improve
(more precise fs/fd, improved background model ...)

21
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L@d\? A p(BO—K™y) : systematics

K*m-/K-m* detection asymmetry

= aK p")- &K'p) — (. 0
From charm DO—Kr large control sample Ao (Kp) oK p)+eK o) (-1.0+£0.2)%

LHCHb-CONF-2011-042.

B production asymmetry

_RB)-RB) _ 1 041 3%
A, (B)= RE)TRE) = (1.0+1.3)%

From large B—J/yK* sample

Background model AA:p=(-0.2%0.7)%

Contamination level, shape & CP asymmeftry in various background components
Dominated by the unknown asymmetry from the misidentified A,—(pK)y contamination

Detector non-uniformity AAgp= (+0.1£0.2)%

Possible detector bias strongly reduced by switching regularly the magnet polarity

Update with whole 3fb-! sample ongoing
both statistical and systematical uncertainty will improve :
more precise detection and production asymmetry,

CP asymmetry from background in particular A,—(pK)y
22



ngclz Virtual photon : BO—K™e*e-

« BO— K*y*(— ee) in the low g2

Branching fraction in [30 ; 1000]MeV/c?
(1.0 fb!- 2011 data) :

B(BU_> K*Ue+8—)30—1UUUMeV/CZ — (311‘83 +8§ i 02) X 10—7

J. High Energy Phys. 05 (2013) 159

Candidates / (40 MeV/c?)

Full angular analysis in [20; 1120]MeV/c?

(3.0 fb-1- 2011+2012 data) :

23

F;, = 0.16 £0.06 =0.03

AP = —0.23 £ 0.23 +0.05
AP = 40.14 £ 0.22 +0.05

AR = 40.10 £ 0.18 £ 0.05,

100

J. High Energy Phys. 04(2015) 064
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ngclz Radiative decays of X(3872) LIE{CZ{’

« Evidence for the X(3872)— w(2S)y

*  Mass of X(3872) and quantum numbers
JP¢=1+** has been measured.

« But nature is still not clear: cc, DD*,
tetraquark?

 Branching fractions ratio
R,,=BR(X(3872)—J/y v)/BR(X(3872)—>y(2S) v)

-
(&)
Cc
(=]

1000/~

Candidates/ (10 MeV/c?)

500

is dependent on the nature of the X(3872):
* Ry, = 1.2 —15 for pure charmonium c¢

* Ry, ~ (3+4)x1073 for DD* molecule
* Ry, = 0.5—=5 for cc-DD* admixture

Candidates/ (5 MeV/c?)

30

X(3872) is reconstructed in B¥ —» X(3872)K™

lllllllllllllll

Candidates/(15 MeV/c?)

3 b analysis, Nucl. Phys. B 886 (2014) 665-680 20
- —+ —+ 5 #_ :
Ryy=(2.46+0.64 +0.29) o T
* 4 40 evidence B OE —————— .
* Does not support pure DD* interpretation o1 > Cavi]
P(2S)yK+ eV/c
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