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RARE DECAYS
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* ‘Flavour-changing neutral current’ (FCNC) transitions
* Proceed via electroweak loops; suppressed in the SM

e New particles could also contribute at loop level
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Potential effects observed via:

» Anomalies in decay rates, differential branching fraction measurements

* Analyses of angular distributions

* Tests of lepton flavour universality and lepton flavour violation



PARAMETRISING RADIATIVE DECAYS

Effective Hamiltonian described by an operator product expansion
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left handed right handed
(suppressed in the SM)

* The operators Qi encode long-distance effects

Q1—6 SM 4-quark operators
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PARAMETRISING RADIATIVE DECAYS

Effective Hamiltonian described by an operator product expansion
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left handed right handed
(suppressed in the SM)

* The Wilson coefficients encode perturbative, short-distance effects
* Define an effective Wilson coefficient Cref':

CSM (1) +Zyz

* In the SM, C7’/C7¢f = ms/mp ~ 0.02
» | eft-handed photons are dominant
* NP contributions could enhance fraction of right-handed photons
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PHOTON POLARISATION IN B*—K+mmty DECAYS

The Krirty final state can be described in
terms of 5 independent variables:

* Three invariant masses (m2(Krtrt), m2(Krm)
and m?2(rtr))

* Two angular variables (x and 6) that
describe the orientation of the photon with
respect to the hadronic plane

This is a b—s transition; in the SM,
photons are expected to be predominantly
right-handed



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.161801

PHOTON POLARISATION IN B*—K+mmty DECAYS

Can measure the photon polarisation using the recoil n
hadron distribution: t 0 — Py
* Photon helicity is odd under parity Ds 4 5
* Need three tracks in the final state; can form a parity- N —>
odd triple product from final-state particle momenta /4/‘
Dy - (P1 X p2) P —
Gronau et. al:

* Requires interference between various decay amplitudes that contribute

to the final state
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- System populated by a multitude of

resonances

* Interferences give sensitivity to
photon polarisation parameter

* Very complex!
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PHOTON POLARISATION IN B*—K+mmty DECAYS

Simplify the problem:

« Compute an up-down asymmetry (between the
number of photons emitted on one side and on the

other of the Krirt decay plane

* Proportional to photon polarisation parameter

r ™

A= f dcos @ djol; - f dcos -4 dcos i _ oy

f dcos HdCOSO !
. J
* 14,000 signal events selected from full < 0.1

LHCb Run 1 dataset
« Cos0 fit performed in four m(Kmr) bins 0.05
0
First observation of a non-zero
T -0.05
photon polarisation in b—sy
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transitions (56.20 significance)
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PHOTON POLARISATION IN B*—K+mmty DECAYS

Simplify the problem:

« Compute an up-down asymmetry (between the 3 ,‘\9
number of photons emitted on one side and on the 5
other of the Kniit decay plane Tepixp 52 .
. . .
* Proportional to photon polarisation parameter ?’AJ) ‘
J dcos 9% — 7. dcos Hddre
Au d — fOSd 9 T COS — C)\fy
Joydeos O3 PRL 112, 161801
_ <: 0.1 :_ 4.00 _
Cannot translate this to a value of al; | 255 1O
the photon polarisation parameter 005F ] ‘ LHCb -
without exact knowledge of the '
resonances that populate the OF
System 00sF L | -
Need a full amplitude analysis SEEE = S VNG 7 45
0.1+ b/ il ' ]
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3-D AMPLITUDE ANALYSIS OF THE

Knn SYSTEM
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Integrate over photon angular variables; fit in terms of invariant
masses m2(Krrt), m2(Krm) and m2(rtr)

Decay channel &

(1270)*

(1270)* 1.072 £ 0.050 —1.379 £ 0.047 39. 90
K1(1270)T — K+w(782) 0.288 + 0.086 0.090 4+ 0.081  0.068 +8 ‘1’33
K1(1270)t — K*(1430) —0.025 +£0.062  —0.381+£0.055  0.69 7022
K1(1400)* — K*(892)%7 0.306 =+ 0.024 —0.288+0.020  7.8+0.8
K*(1410)T — K*(892)%7+  —0.479 4 0.042 0 (fixed) 8.412%
K*(1680)t — K*(892)%7+ 0.198 =+ 0.020 0.094 + 0.028 3.5157
K*(1680)* — K+ p(770)° 0.019 + 0.025 0.1104 4+ 0.0097 2.4 +£0.4
K3(1430)t — K*(892)°7t  —0.509 + 0.034 0 (fixed) 4.8+1.0
K3(1430)t — K+ p(770)° —0.115 4 0.047 0.497 + 0.024 9.0+ 0.8
K3(1430)T —» Ktw(782)° —0.234+0.072  —0.236+0.084  0.30 7033
K>(1600)t — K*(892)%7+  —0.1666 £ 0.0088  0.044 + 0.021 4.4 197
K5(1600)* — K*p(770)° —0.073 £ 0.011 0.061 £ 0.013 3.33 1027
K>(1770)t — K*(892)% T  0.1072 £ 0.0078 0 (fixed) 3.0 708

K>(1770)* — K*p(770)°  —0.0147 +£0.0044  0.0103 £0.0050  0.23 0%
Ko(1770)" — K3(1430)°7F  —0.0414+0.012  —0.077240.0077  0.67 700
Ko(1770)F — K+ f,(1270)°  0.1673 £0.0071  —0.029 £0.015  1.30 7013
Non resonant —0.0511 £ 0.0021 0 (fixed) 4.14+0.5
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PHOTON POLARISATION IN B*—K+mmty DECAYS
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B+ M_V_\’/_e__a_lg___) Strong
Kiest —> -

Differential decay rate for a particular decay mode B+—Kiestily = K+TTT+Y:

dl'(BT™ - Ktn~n"7)

_ (Y z |2 T I 2 |2
ds = | Z crB'(s)Ag|” + | 2 c,B*(s) Ay
() ()
Decay amplitude Propagator Decay amplitude
fOr B+_’Kres+(i)v fOr Kres"'(i) fOI‘ Kres"'(i) _’K"T['T["'

The photon polarisation parameter A, for a decay mode i is then defined as:

i 12 |2
)\’i — CR CL Gronau et. al:
Yo ct 2 _|_ c 2 PRL 88, 051802
R L
PRD 66, 054008
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PHOTON POLARISATION IN B*—K+wmty DECAYS

Use parity invariance of the strong interaction to relate the amplitudes for emitting left-

and right- handed photons:
. . PRL 88, 051802
(KEORAp1075|BTY = Pi(— 1)V (K EWLa 102 |BYY  PRD 66, 054008

res res

The weak amplitudes are then proportional to the Wilson coefficients:

| Ve \ hadronic
chy 4Gy ) C% > matrix
— _thbv;ts C§ Pi(—l) 1 Z(O)) element of Oz

i
Cr. g

We can therefore derive A, in terms of the Wilson coefficients:
{ ™
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Ay is the same for
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all decay modes
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PHOTON POLARISATION IN B*—K+mmty DECAYS

Weak -
=

Can rewrite the total decay rate for all decay modes B+— Kresty = KT TTHY:

005 = i ) T+ ) -




B—> Koty FORMALISM

arxiv:1902.09201

dU (BT — Ky — Ktn~nty) o« ((IMg]? + ML) + A (IMz]* — [My]?)

Use the isobar model to construct decay amplitudes

K
Mg = feArr/w(T) R.
. R J T
fr. = ape'®* |
B T
The complex coefficients fk encode relative strengths 14

and phases for each amplitude

13
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B—Kmumy FORMALISM

arxiv:1902.09201

Ag(x) = Br(q5(2), 0)T;" (2) T} (2)S}; r ()

AL (x) = Pi(=1)"" By, (g5(2), 0)T;" (&) T} (2)S}; L (2)

Resonance
propagators K
R|
: 1T
Barrier factor for a B R
meson of angular |
momentum L B T

Spin factors
Encode the phenomenology Y
of the decay, computed with
the covariant formalism

14
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B—Ksuty FORMALISM (RECAP)

The (normalised) probability density function for B—=+Krirty decays:

E(x )Ps(w\Q)%(«’B)
] £(x)Ps(x|Q) Py () d |

F(|Q2) =

where

= (m%, . ,m%,.__,m>_ . cosf, x): phase space variables

Q= M\, {ar}, {¢r}: fit parameters

E(x) : efficiency 3
®4(x) : phase space volume
The signal function Ps encodes the dependence on A, p1

(1+)\)|M ‘ (1_)‘7)‘ML|2

PS — 2
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B— Koty AMPLITUDE ANALYSIS: M

CTHOD

The (normalised) probability density function for B—=Krirty decays:

§(x )Ps(wlﬂ)<1>4( )

P = T ()Pl @a() da

arxiv:1902.09201

This PDF is implemented in a modified version of the MINT2 generator-fitter

framework

* Enables generation of multi-amplitude models with interferences, performs unbinned

maximum likelihood minimisation

The normalisation integral is computed numerically using MC generated events according

to an approximate PDF Pgen:

_ Igen akS PS(mj)
/5(33)7’3(33)054(33) dz = N ZJ: Pgen ()

The term Igen = / £(x)Pgen(x)d4(x) dx is independent of all fit parameters, so can

be neglected in the minimisation

16
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B+—K+rmty WITH TWO DECAY AMPLITUDES

* Test the method with a simplified, two-amplitude model:

B+ Y
< (1270 < TN
L K+t
pK+* /'

* System described by three free parameters:
 The relative fraction r between the two amplitudes
* Their phase difference A}

* The photon polarisation parameter Ay

 Study performance of the fit for a range of model parameters

* At each point, 10 data sets of 8000 events each are generated and fit

17



REMIND]

AR: LIMITATIONS OF Aug

The up-down asymmetry Aud is proportional to Ay

* The proportionality constant C

depends on the resonance content of the system

« Cannot calculate A, from up-down asymmetry without full characterisation of the

resonances

* As an illustration, use the two
amplitude model

» Generate samples for a range of
relative fractions and phases
between the amplitudes; Ay=1
(always)

« For each generated sample,
calculate Audg

« Up-down asymmetry varies as a
function of the relative fraction
and phase

* Regions where Aug =0, so no
sensitivity to Ay

/2 -

16
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B+—=K+aa+ty : TWO-AMPLITUDE MODEL

arxiv:1902.09201
* Use MINT to perform amplitude fits for the same generated data sets

* Fits mostly converge with no errors
* Resulting fit parameters are centred around the ‘true’ (generated) values

/2

* The method is sensitive to all data 10-060

points studied 10.054

* Variations in uncertainty on seen 10.048

as a function of both r and A

0.042

* Uncertainty is highest whenone 7
amplitude is dominant, tending
towards a single amplitude
model

0.036

0.030

0.024

0.018

0.012

3 /2
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B+—=K+aaty : TWO-AMPLITUDE MOD:

<L

» Repeat the previous test for ranges of (1, Ay) and (Ad, Ay)
e Fit Is sensitive to all values studied
* The uncertainty on Ay increases as values tend towards O

1.0}

0.5

0.0

3.0

0.1 0.3 1.0 9.0

/3 2m /3 m

A7 /3
Relative pha

Relative fraction
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B+—=K+aa+ty : TWO-AMPLITUDE MODEL

* More detailed check of behaviour of the fit:

* Perform 100 fits for a sulbset of points for each of the previous plots

* Check distributions of fit parameters, associated errors, and pull parameter g:

if (fit result) < (true value): ¢

otherwise: ¢ =

_ (true value) — (fit result)

(positive error)

(fit result) — (true value)

(negative error)

* Pull distributions are unbiased with widths mostly consistent with unity in all cases

Parameter True value Mean value Std deviation Mpull Opull
a 2.02 2.020 0.04 0.01 +£0.11 1.14 4+ 0.07
) 0.82 0.823 0.02 —0.09 +0.09 0.94 4+ 0.07
Ay 1 1.001 0.04 —0.09+£0.12 1.17+0.08
a 2.02 2.023 0.04 —0.06 £0.11 1.17+£0.07
) 0.82 0.823 0.03 —0.134+£0.09 0.97 4 0.06
Ay 0.875 0.870 0.04 0.11+0.11 1.174+0.08
a 2.02 2.022 0.04 —0.03 £0.09 1.03+£0.07
) 0.82 0.822 0.03 —0.074+£0.09 0.92 4 0.06
Ay 0.75 0.741 0.04 0.20£+£0.09 1.03+0.07
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BY—K+rnly: THREE-AMPLITUDE MODEL
* Perform a similar test with BO—=>K+mm% decays arxiv:1902.09201

« Gronau et. al. noted an increased sensitivity in up-down symmetry with additional
interference terms, would the same hold true for a full amplitude analysis?

- Y K*0q70
K1(1270)° KT e KT T
p-K*
5m/3 | !
* Generated ratios of fit 47/3
fractions ~1, Ay=1

e Scan over a range of relative 5
phases o /3

» Uncertainties within the range

seen for the charged mode i

0

0 /3  2m/3 Q 4r/3  bm/3
)
22
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Br—K+maty : REALISTIC MODEL

CERN-THESIS-2015-287

* Build a model with 15 decay amplitudes ~ 350 v*| T T3
N - | | | .
> 300 =

. 0 - {.h| | | .

* Generate 100 datasets with 14000 events each, (r, Ad) L Gh | LHCb

. . g = | | | =

generated values chosen correspond to 3-dimensional PR, I{#{'H}#*L##ﬂ | j

amplitude fit results from LHCb Run1 data analysis S b 1 M b

S a1 T
50?*’ L | * 3
] . 0 I12|00I I1400I I I16OOI I I18|00I

JY  Amplitude k ak o Fraction (%) M(Knm) [MeV/c?]
K1(1270)t — K*(892)%7t [S-wave] 1 (fixed) 0 (fixed) 15.3
1+ K1(1270)* — K*(892)%7+ [D-wave]  1.00 ~1.74 0.6
K1(1270)* — Kt p(770)° 2.02 —0.91 37.9
K1(1400)t — K*(892)0xn+ 0.59 —0.76 7.4
K*(1410)* — K*(892)x+ 0.11 0.00 7.9
1- K*(1680)t — K*(892)r+ 0.05 0.44 3.4
K*(1680)t — KT p(770)° 0.04 1.40 2.3
ot K3(1430)"T — K*(892)07 0.28 0.00 4.5
K3(1430)t — KT p(770)° 0.47 1.80 8.9
K2(1580)" — K*(892)07n 0.49 2.88 4.2
K2(1580)" — KT p(770)° 0.38 2.44 3.2
2= K»(1770)T — K*(892)0n+ 0.35 0.00 2.8
K»(1770)t — K+ p(770)° 0.08 2.53 0.2
Ko(1770)" — K3(1430)°7F 0.07 —2.06 0.6
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Candidates / (0.04 GeV?/c*)

B+—K+mnty : REALISTIC MOD!

(T
-

* Fits converge, pulls mostly unbiased, with unit width

« Sample fit projection shown below:
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Candidates / (0.04 GeV?/c*)

B+—K+mnty : REALISTIC MODEL

* Fits converge, pulls mostly unbiased, with unit width
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arxiv:1902.09201

 Pull width for Ay slightly greater than unity, correct average uncertainty from fit to

compensate
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BV—K+raly: REALISTIC MOD!

=

 Build analogous model
for BO—=>K+mmOy decays

* Generate and fit 100 data
sets with 10000 events
each

arxiv:1902.09201

J¥  Amplitude k a b Fraction (%)
K1(1270)° — K*(892)%70 [S-wave]  1(fixed) 0 (fixed) 8.0
K1(1270)° — K*(892) 7~ [S-wave] 1.01 0.00 8.0
K1(1270)° — K*(892) 7~ [D-wave]  0.98 —1.74 0.3

1T K1(1270)° — K*(892)°7Y [D-wave] 0.99 —1.74 0.3
K1(1270)° — K+ p(770)~ 2.86 —0.91 39.7
K1(1400)0—> K*(892)tn~ 0.60 —0.76 3.8

K1(1400)° — K*(892)07° 0.59 —0.76 3.8
K*(1410)° — K*(892)T7~ 0.11 0.00 3.9
K*(1410)° - K*(892)%7Y 0.11 0.00 3.9

1= K*(1680)° — K*(892)T7~ 0.05 0.44 1.7

K*(1680)° — K*(892)070 0.05 0.44 1.7
K*(1680)° — K+ p(770)~ 0.06 1.40 2.4
K3(1430)° — K*(892)Tn~ 0.27 0.00 2.3

2t K3(1430)° — K*(892)%7° 0.27 0.00 2.3
K3(1430)° — K+ p(770)~ 0.63 1.80 8.9
K2(1580)° — K*(892) 7~ 0.49 2.88 2.2
K5(1580)% — K*(892)070 0.49 2.88 2.2
K5(1580)° — K+ p(770)~ 0.54 2.44 3.2

- Ko(1770)° — K*(892) "7~ 0.35 0.00 1.5
K5(1770)° — K*(892)%7° 0.35 0.00 1.5
Ko(1770)° — K+ p(770)~ 0.11 2.53 0.2
K5(1770)° — K3(1430)* 7~ 0.07 —2.06 0.3
K5(1770)° — K3(1430)%7° 0.07 —2.06 0.3
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Candidates / (0.01 GeV?/c*)

BV—K+maly: R

CALISTIC MOD!
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* Fits converge, pulls mostly unbiased, with unit width

« Sample fit projection shown below:

arxiv:1902.09201
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https://arxiv.org/abs/1902.09201

B+—K+mnty : REALISTIC MODEL

arxiv:1902.09201

* Fits converge, pulls mostly unbiased, with unit width

 Pull width for Ay slightly greater than unity, correct average uncertainty from fit to
compensate
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https://arxiv.org/abs/1902.09201

PROSPECTS FOR PHOTON POLARISATION MEASUREMENTS

+ Sensitivity to photon polarisation parameter studied for both simplified and
realistic signal-only models

+ The method is sensitive to both simplified and realistic models with
reasonable values of (r, A®, Ay) in the ideal, signal-only case

+ LHCb has collected ~6.4 fb-1 of data during

2011, 2012, 2016 and 2017 §3000§ -
+ Expect around 50000 B+—=K+rr-11+y signal events 525 OO; LHCb E
" 2000 =

+ Signal-only toy studies show an expected :’15005 E

statistical sensitivity of ~0.01 g |

% 1000 | —

+ Full analysis ongoing with LHCb Run 1 + partial g .t E
@) - :

Run 2 data set B e

| o 4500 5000 5500 6000 6500
+ EBEvent selection + mass fits finalised M(Krry) [MeV/c?]

+ Pieces in place to proceed with amplitude analysis
with data

+ Belle-ll could expect around 10000 BO—K+mmy signal events with ~5 ab-

+ Signal-only toy studies show an expected statistical sensitivity of ~0.018
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INTERPRETATION IN TERMS OF WILSON COEFFICIENTS

Ro(CéNP)

— BR(B = X.v)
Aar(Bs — ¢)
(P)(B° — K*0cte)

+ Sensitivity to photon polarisation parameter from these :{--v}( |
l I : (B — K*Vete
decays provides complementary information to that from .. A, = 1400175 (Run 1)
COmplemeﬂtary ana|yses ------------- Ay =140.008 (Run 1+2)
+ In particular, could help resolve ambiguities in Re(C7’) A. Puig

flavio: D. Straub et al.
JHEP 04 (2017) 027
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INTERPRETATION IN TERMS OF WILSON COEFFICIENTS

+ However, interpretation may not be quite as straightforward

+ Reminder - weak decay amplitudes written in terms of the Wilson
coefficients

R\ _ _4Gr Cs g (0)
(Ci) — \/5 V;fb‘/ts <C7 ( )J 1gz(0)>

+ Could define a single photon polarisation parameter for all decay modes

" R

vi _ [Om[” = |Cn[’
T |Cml? +[Cnl?

]

=\,
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INTERPRETATION IN TERMS OF WILSON COEFFICIENTS

+ Could have non-negligible contributions from other operators

(cé) __4Gr v,V ( Cst g'(0) + hi )
cr V2 NG P(=1)7 7 g 0) + A

+ How could we deal with this?

+ Theoretical estimation of hr/?

+ Treat them as nuisance parameters in the analysis

+ Compute the photon polarisation parameter in different invariant mass bins

+ Check compatibility between channels with different contributions, like
B+—=K+rrrity and BO—=>K+1-mi%y decays
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INTERPRETATION IN TERMS OF WILSON COEFFICIENTS

+ Could have non-negligible contributions from other operators

(Ci{) — 1GF Vip V.r ( C;ff g'(0) T hi{ )
oL V2 NG P(=1)7 7 g 0) + A

+ How could we deal with this?

+ Theoretical estimation of hr/?

+ Treat them as nuisance parameters in the analysis
—technically challenging

+ Compute the photon polarisation parameter in different invariant mass bins
—difficult due to long tails of (broad) high mass resonances

+ Check compatibility between channels with different contributions, like
B+—=K+rrrity and BO—=>K+1-mi%y decays
v For now, the way to go
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SUMMARY

+ PDF that describes B— Ky decays implemented in a generator-fitter
framework

+ Generated single amplitude MC samples validated (where possible) against
EviGen

+ Sensitivity to photon polarisation parameter studied for both simplified and
realistic signal-only models

+ |deal case: signal-only samples with perfect efficiency

+ The method is sensitive to both simplified and realistic models with
reasonable values of (r, Ao, Ay)

+ Amplitude analysis method can be used to study both charged and neutral
decay modes

+ Analysis of charged decay mode with LHCb data sample ongoing
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PARAMETRISING FCNC TRANSITIONS

Effective Hamiltonian for radiative b-> s gamma transitions:

4G
Heyy = == 5 VaVis 3ICOL0 + ()0 (o)
left handed right handed

(suppressed in the SM)

Operators (Oj) - long-distance effects (non-perturbative)

Wilson coefficients (Cj) - perturbative, short-distance physics

=12 Tree J/w‘(IS)
1—=3-6, 8 Gluon penguin

=7 Photon penguin o w(‘ZS)
1=9, 10 Electroweak penguin C7

i=S Higgs (scalar) penguin e ﬂ

=P Pseudoscalar penguin 1‘ Cé’)Cé')

different processes

interference
. . above open charm
different regions of g2 probe > u u \\’h\f—\

4 [m(p))?

ng,) and 01(6)

Long distance
contributions from CC

e

2
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MEASURING THE UP-DOWN ASYMMETRY

e T PRL 112, 161801
% 300 K|(1270) ﬁl | I _;
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.161801

TwWO-AMPLITUDE MOD:

2
-

Decay rate for a system with a single 1+ resonance:
[Gronau et al, PRD66 (2002) 054008]

dI'(B — Knmy)
ds d813 d823 d cos 6

X %|j|2(1+cos2 0) + Ay cos 0/Im|7 - (j;\x j*)]

invariant mass
dependencies

where s=mz(Kmm), s;3;>m2(Km) and s,;—m2(mm)
Interferences
between decay

K modes
K

res
\ K* /
T

= 4
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B—>Ksmsry AMPLITUDE ANALYSIS: METHOD

Notes on the normalisation integral and its implementation in MINT ~ arxiv:1902.09201

» Makes use of ‘importance sampling’, i.e. sample the function more frequently in
regions where its value is large (to minimise uncertainties)

» Use a mix of approximate signal events with a small amount of phase space events

 Explicit functional form of the efficiency not needed (non-trivial to parametrise in five
dimensions)

« Often need a large number of official (full-chain) MC simulated events in order to
obtain good precision on the fit

« Generation of normalisation MC toy events + computation of integrals for more
complicated models takes up the majority of CPU time in MINT

Nsel

. B Isen 733(513]‘)
/g(m)Ps(w)@(m) do = Ny zj: Pgen(x;)

More details on the (practical) challenges of amplitude analyses in Albert’s talk
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PHOTON POLARISATION IN B*—K+wmty DECAYS
Fit pull values for realistic model:
Amplitude k Magnitude ay Phase ¢y,
Hpull Opull Hpull Opull

K1(1270)T — K*(892)%7T [D-wave]  0.124+0.10 0.974+0.07 —0.01+0.10 1.02+0.07
K1(1270)t — KT p(770)° 0.08+£0.09 091+£0.06 0.024+0.11 1.08=40.07
K1(1400)t — K*(892)07+ —0.44+0.09 095+0.06 0.874+0.10 1.0640.07
K*(1410)t — K*(892)07+ —0.45+0.09 094+0.06 0.064+0.10 1.0440.07
K*(1680)t — K*(892)%z+ 0.04+0.09 0944006 0.024+0.10 1.0840.07
K*(1680)t — K1 p(770)° —0.02+0.11 1.114£0.07  0.024+0.10 1.0540.07
K3(1430)t — K*(892)07+ 0.51£0.10 1.07£0.07 0.454+0.09 0.86+0.06
K3(1430)t — K+ p(770)° 0.36 £0.09 0.98+0.07 —0.014+0.09 0.9440.06
K5(1580)t — K*(892)07+ —0.39+£0.10 1.03£0.07 —0.064+0.11 1.1040.07
K5(1580)t — KT p(770)° 0.044+0.09 0.90+0.06 0.14+0.10 0.97+0.07
Ko(1770)t — K*(892)7 0.08+£0.11 1.11£0.07 —-0.10£0.12 1.2140.08
Ko(1770)t — KT p(770)° —0.13+£0.10 0.97+0.06 —0.044+0.09 0.97+0.06
Ko(1770)t — K3(1430)°7+ 0.174£0.10 1.05+0.07 0.054+0.10 1.0140.07
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EXPERIMENTAL CHALLENGES

INucl. Phys. B 867 (2012

+ Mass resolgtlon dominated by photon ”§ sooF LHCh E
reconstruction = (b) ]
= 500 R e

*+ 0~95 MeV/c? for B— K"y decays, compared to 2 400 O ~ 95 MeV/c2

~25 MeV/c2 for B—Krm decays.

+ Backgrounds:

IIllIllllIlIllIl

- Above transverse energies of 4 GeV, m0—-yy

reconstructed as a single cluster in the calorimeter 0
5 Hl I' | I I. j I | | | I I ] | ] | I |__‘_‘I I
- Combinatorial: O(10) reconstructed photons per e e e e i s
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https://cds.cern.ch/record/691634/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.221601

EXPERIMENTAL CHALLENGES

Without analysis improvements, many analyses would be systematics-limited by
Run 5

Primary known/expected sources of systematic uncertainty:

+ Partially reconstructed background, due to large invariant mass resolution

* Correlation between decay time and reconstructed mass in Bs— ¢y decays

« Uncertainty in background modeling in Acp and branching fraction measurements

 Effects on angular distributions in Krirty decays

+ Detector effects

* Decay time resolution for C,S measurements in tagged Bs—®PY analysis

* Detection asymmetry in Acp measurement

+ Modeling of acceptances

« Main source of uncertainty for Ao =A%y angular analysis
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