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e We now have a very complete script we could perform a lovely analysis with!
e BUT I hear you cry, you want more, some more advanced topics...

e Inthis final part we will cover mysterious things such as TISTOS, DTF,
MCTRUTH and some proper fancy bits!

Recap

LHCb Starterkit 2025 DaVinci Run 3 Part 3
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e MCTRUTH variables are only possible for MC simulation - it can retrieve
properties of the particles that were actually generated.

e During simulation the detector is modelled and your sample is made from
simulating PP collisions and reconstructing what you are looking for.

e But was that really a true candidate or was it mis-reconstructed from random
track hits in the detector...

e When we want to use the MC e.g. for BDT training we want it to learn the
kinematics of the signal not mis-reconstructed stuff!

Truth or Dare

LHCb Starterkit 2025 DaVinci Run 3 Part 3 4
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TRUE ID

R BERCIBS T TonEDECRRTISS drawing branch Bs_TRUEID from DecayTree
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e C(Can see in the TRUE variable we actually have this additional peak at O.
This is the value | set if there does not exist a TRUE_ID e.g. it wasn't really
the signal!
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Defining the Truth

# Function to define truth MC variables
def make_mc_variables(data):
mctruth = MCTruthAndBkgCat(data)
# Helper lambda for truth information
MCTRUTH = lambda func: F.MAP_INPUT(Functor=func, Relations=mctruth.MCAssocTable)

trueid_bkgcat_info = FunctorCollection({
"TRUEID": F.VALUE_OR(8) @ MCTRUTH(F.PARTICLE_ID),
"TRUEKEY": F.VALUE_OR(-1) @ MCTRUTH(F.OBJECT_KEY),
"TRUEPT": MCTRUTH(F.PT),
"TRUEPX": MCTRUTH(F.PX),
"TRUEPY": MCTRUTH(F.PY),
"TRUEPZ": MCTRUTH(F.PZ),
"TRUEENERGY": MCTRUTH(F.ENERGY),
"TRUEP": MCTRUTH(F.P),
"TRUEFOURMOMENTUM" : MCTRUTH(F.FOURMOMENTUM),
"BKGCAT": F.BKGCAT(Relations=mctruth.BkgCatTable),
b

return trueid_bkgcat_info

LHCb Starterkit 2025 DaVinci Run 3 Part 3
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Defining the Truth

Define our function

s - iables
a n d paSS i n O u r d ata ! — def make_mc_variables(data): I »

# Helper lambda for truth information
MCTRUTH = lambda func: F.MAP_INPUT(Functor=func, Relations=mctruth.MCAssocTable)

trueid_bkgcat_info = FunctorCollection({
"TRUEID": F.VALUE_OR(8) @ MCTRUTH(F.PARTICLE_ID),
"TRUEKEY": F.VALUE_OR(-1) @ MCTRUTH(F.OBJECT_KEY),
"TRUEPT": MCTRUTH(F.PT),
"TRUEPX": MCTRUTH(F.PX),
"TRUEPY": MCTRUTH(F.PY),
"TRUEPZ": MCTRUTH(F.PZ),
"TRUEENERGY": MCTRUTH(F.ENERGY),
"TRUEP": MCTRUTH(F.P),
"TRUEFOURMOMENTUM" : MCTRUTH(F.FOURMOMENTUM),
"BKGCAT": F.BKGCAT(Relations=mctruth.BkgCatTable),
b

return trueid_bkgcat_info

LHCb Starterkit 2025 DaVinci Run 3 Part 3 7




Defining the Truth

Using this new import
called MCTruthAndBkgCat.
It is a bit fancy but basically
defines an algorithm that
buildsamap->a 1to 1
relation table between the
reconstructed particle and
the truth MC particle.

LHCb Starterkit 2025

# Function to defi
defpmaliopnopvandableatdata)

— mctruth = MCTruthAndBkgCat(data)

ne truth MC variables

tion

N

MCTRUTH = lambda func: F.MAP_INPUT(Functor=func, Relations=mctruth.MCAssocTable)

trueid_bkgcat_

"TRUEID":

"TRUEKEY":

“TRUEPT":
“TRUEPX" :
“TRUEPY":
"TRUEPZ":

info = FunctorCollection({
F.VALUE_OR(8) @ MCTRUTH(F.PARTICLE_ID),
F.VALUE_OR(-1) @ MCTRUTH(F.OBJECT_KEY),

MCTRUTH(F.PT),

MCTRUTH(F.PX),

MCTRUTH(F.PY),

MCTRUTH(F.PZ),

"TRUEENERGY": MCTRUTH(F.ENERGY),
"TRUEP": MCTRUTH(F.P),
"TRUEFOURMOMENTUM" : MCTRUTH(F.FOURMOMENTUM),

"BKGCAT":
b

return trueid_

DaVinci Run 3 Part 3

F.BKGCAT(Relations=mctruth.BkgCatTable),

bkgcat_info
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Defining the Truth

# Function to define truth MC variables

H e re We d efi n e a h el pe r def make_mc_variables(data):

mctruth = MCTruthAndBkgCat(data)
Iambda funCtion' It takes in — mm = lambda func: F.HA-P_INPUT(Functor=func, Relations=mctruth.MCAssocTable)
“func” (F' PX’ F' PT) and trueid_bkgcat_info = FunctorCollection({
returns a new functor TRUEKEY .ARLUE 0RC-1 @ NTRUTIE BJECT 167,
MCTRUTH that knows how to TP RCTRTHCE .

go from the standard functor ekl il

to the truth functor using this g i o il

MCAssocTable. B el S
b

return trueid_bkgcat_info

LHCb Starterkit 2025 DaVinci Run 3 Part 3 9
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Defining the Truth

# Function to define truth MC variables
def make_mc_variables(data):
mctruth = MCTruthAndBkgCat(data)
# Helper lambda for truth information
MCTRUTH = lambda func: F.MAP_INPUT(Functor=func, Relations=mctruth.MCAssocTable)

’ trueid_bkgcat_info = FunctorCollection({ ‘
"TRUEID": F.VALUE_OR(8) @ MCTRUTH(F.PARTICLE_ID),
"TRUEKEY": F.VALUE_OR(-1) @ MCTRUTH(F.OBJECT_KEY),

Here our new I|tt|e helper : "TRUEPT": MCTRUTH(F.PT),

. . . . "TRUEPX": MCTRUTH(F.PX),

lambda function is in action! “TRUEPY*: ACTRUTHCE.PY)

"TRUEPZ": MCTRUTH(F.PZ),

"TRUEENERGY" : MCTRUTH(F.ENERGY),

"TRUEP": MCTRUTH(F.P),

"TRUEFOURMOMENTUM" : MCTRUTH (F.FOURMOMENTUM) ,

LeJ,

B

return trueid_bkgcat_info
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Defining the Truth

# Function to define truth MC variables
def make_mc_variables(data):
mctruth = MCTruthAndBkgCat(data)
# Helper lambda for truth information
MCTRUTH = lambda func: F.MAP_INPUT(Functor=func, Relations=mctruth.MCAssocTable)

trueid_bkgcat_info = FunctorCollection({
"TRUEID": F.VALUE_OR(8) @ MCTRUTH(F.PARTICLE_ID),

This guy differs though and s e o s
uw nrioibistuchy sy
tells you what type of
ackground you have. e.qg. Sl I
backg d you h g.0

"TRUEP": MCTRUTH(F.P),

if pure signal, different values
if its partially reconstructed or e

R . return ruelid_ gcat_into
combinatorial etc

"BKGCAT": F.BKGCAT(Relations=mctruth.BkgCatTable), I

LHCb Starterkit 2025 DaVinci Run 3 Part 3 11




Background Category

Lb_BKGCAT
htemp .
S00= Evios w787 e Information on what
: Mean 8.238
3000[1- Saow 2a each category stands
i for can be found here
2500 [ -
2000 —
1500 —
1000 —
500 —
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Lb_BKGCAT
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e Along with the function definition shown above we need to include this
snippet to actually apply the TRUTH variables to each particle!
e This options.simulation reads your simulation status from the .yaml file.

Implementing

options.simulation :
mc variables make mc variables(data)

all vars mc variables

LHCDb Starterkit 2025 DaVinci Run 3 Part 3 13
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It can be extremely useful to know whether a candidate fired a particular
trigger line. These are crucial for efficiency studies and computing data-MC

trigger corrections.
e These come in the form of TISTOS variables...

Trigger Info

15
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HLT1 Lines

e There are a variety of HLT1 lines you might be interested in.
e For this example | will mention a handful, loads listed here.
e By far the most common are these two:

“HIt1TrackMVA” - Uses MVA to select single high quality track
“HIt1TwoTrackMVA” - Uses MVA to select a pair of good quality tracks

LHCb Starterkit 2025 DaVinci Run 3 Part 3 16
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e This classically confusing topic | will attempt to break down for you.
e First what does this acronym stand for?

TICTAC noooo TISTOS

TIS = Trigger Independent Signal
TOS = Trigger On Signal

e We want to know whether the HLT1 lines were fired by the particles in the
event as TIS, TOS, TOB or TISTOS? (will discuss in a minute) - why? Because
the trigger efficiencies vary if it was TIS or TOS!

LHCb Starterkit 2025 DaVinci Run 3 Part 3 17
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e Did MY signal particles cause the trigger to fire? If so that means enough of
your signal’s tracks/hits overlap with what caused the trigger to fire (~70%).

e So for our example were the Ds kaons what fired the TwoTrackMVA trigger
line or was it two different kaons that happened to be in the same event?

e Did the K+ fire the TrackMVA trigger or some other track?

e If the answer to these is YES then that was a TOS | 4

TOS - Trigger On Signal

LHCb Starterkit 2025 DaVinci Run 3 Part 3
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TIS - Trigger Independent Signal

e Would the event have triggered even without your signal?

e So other particles in your event caused the trigger line to fire.

e So for our example there could have been some other decay that happened to
decay to 2 kaons which fired the trigger.

e This sample still contains your event BUT it wasn't your event that caused it to
trigger!

e That is why the efficiencies are different!

LHCb Starterkit 2025 DaVinci Run 3 Part 3 19
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TOB - Trigger On Both

e These are events that are neither TIS nor TOS
e The presence of the signal alone nor the rest of the event alone are sufficient
to generate a positive trigger decision, but rather both are necessary.

TOB....LERONE

Don'’t all laugh at
once...

LHCDb Starterkit 2025 DaVinci Run 3 Part 3
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The Overall Picture

You will learn
infinitely more
with James +
Andreea yes
tomorrow

yes

Trigger? Trigger?

Figure 1: Diagram explaining the logic behind categorizing events into Trigger On Signal (TOS),
Trigger Independent of Signal (TIS) and Trigger On Both (TOB) trigger categories. Note that
an event can be both TIS and TOS simultaneously.
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Implementing

Hltl decisions ["HLt1TrackMVA", "HLtlTwoTrackMVA"]

Hlt2 decisions ["HLt2B20C BdToDsmPi DsmToKpKmPim",
"Hlt2Topo2Body", "Hlt2Topo3Body"]

all vars FC.HLtTisTos (
selection type="Hlt1",

es=[f"{x}Decision" Hltl decisions],

all vars FC.SelectionInfo(se ion_type="Hltl", tr er lines=Hltl decisions)
all vars FC.SelectionInfo(s on_type=' o b lines=Hlt2 decisions)
evt variables FC.SelectionInfo(selection type="Hltl", r lines=Hltl decisions)
evt variables FC.SelectionInfo(selection type="Hlt2", trigger lines=Hlt2 decisions)

e |tis easilyimplemented in our script as above!
e Alsoincluded this event variable selection to say if each HLT1 line fired at all
for the whole event.
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e The purpose of DTF is to perform a kinematic fitting of the decay to improve
the mass resolution.

- Applying vertex constraints

- Applying mass constraints

What is DTF

LHCb Starterkit 2025 DaVinci Run 3 Part 3 24




How to Implement

rHCD

dtf pv = DecayTreeFitter(

name="PV_Fit"
input partic

input pvs=pvs,

dtf_pv_vars = FC.DecayTreeFitterResults(

DTF=dtf pv,

dtf pv ds = DecayTreeFitter(

name="PV _Ds Fit",
rticles=data,

raints=["D_s-"],

dtf pv _ds vars = FC.DecayTreeFitterResults(
DTF=dtf_pv_ds,
prefix="DTF_PV DsM ",

&)

UNIVERSITY
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% OV WICK
How to Implement

dtf pv = DecayTreeFitter(

Using DecayTreeFitter we  nmmmmlp name="P_Fit",

name it PV_Fit since this
function will only fix the PV.

1 I 1 dtf_pv_vars = FC.DecayTreeFitterResults(
We also give it our particles el
and pvs. o Py,

)

& DecayTreeFitter(
me="PV_Ds Fit",
icles=data,
pvs,
1straints=["D_s-"],

dtf pv _ds vars = FC.DecayTreeFitterResults(
DTF=dtf_pv_ds,




|L;ﬁ’f=bg SR

How to Implement

dtf pv = DecayTreeFitter(
name="PV_Fit",

Now we use this model with
Only a PV ConStraint and dtf_pv_vars = FC.DecayTreeFitterResults(
ask for _ DTF=dtf pv,
"DTF_

- decay_origin=True to give decay_ori
us info on the PV. ith kicas
- with_lifetime=True to give
us info related to lifetimes. ,

. . . dtf pv ds = DecayTreeFitter(
- with_kinematics=True to name="PV_Ds_Fit",
give mass, P, PT etc 5 :

nts=["D_

dtf pv _ds vars = FC.DecayTreeFitterResults(
DTF=dtf_pv_ds,
prefix="DTF_PV DsM ",

with kin




How to Implement

Do the same as the start
but also add in an
additional constraint of
requiring the Ds- mass to
be fixed to the PDG value

Lﬁcb

dtf pv = DecayTreeFitter(

name="

dtf_pv_vars = FC.DecayTreeFitterResults(

DTF=dtf pv,

h life

with ki

dtf pv ds = DecayTreeFitter(

name="PV _Ds Fit",
icles=data,
5=pVs,
aints=["D_

dtf pv _ds vars = FC.DecayTreeFitterResults(
DTF=dtf_pv_ds,
Fix="DTF_PV_DsM ",

rl
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How to Implement

Same again but for the PV
+ Dsm constraint fit

dtf pv = DecayTreeFitter(
name="PV_Fit",
input particles=data,
input pvs=pvs,

dtf_pv_vars = FC.DecayTreeFitterResults(
DTF=dtf pv,
DTF_PV_",

in

DecayTreeFitter(
Sl VA R 5 B
particles=data,

[“D s-"1,

dtf pv _ds vars = FC.DecayTreeFitterResults(
DTF=dtf_pv_ds,

rHCD

)09000¢

oy
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% EWAEFRASIIEX

How to Implement

variables = {
"ALL": all vars,
"Bs": base composite variables + dtf pv vars + dtf pv ds vars,
"Ds": base composite variables + Ds extra doca + dtf pv vars + dtf pv ds vars,

"Bs pi": track variables,
"Ds pi": track variables,
"Kp": track variables,
"Km" : track variables,

Finally make sure we add these variables to the Bs and Ds!
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e You can of course add any constraints you might want, these are just two
examples e.g. you can also change the particles hypothesis!
e More details about the maths behind DTF can be found here!

DTF
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e For our final exploration we will take a look at particle combiners and trying to
build up the Bs candidate ourselves starting with the basic tracks in this
event, applying some selection and combining together in some mass
window.

e For this simple test we are of course going to find some events, but you could
do this task on noBias data and really try and form combinations. This is data
that has no selection at all, so has a heavy prescale to only save some events.
This is shown in the Run 3 starterkit docs here.

Build decay from scratch
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https://lhcb-starterkit-run3.docs.cern.ch/second-analysis-steps/davinci-builders/

These are particle makers
that retrieve the pions and
kaons in your event.

-> algorithms_thor.ParticleCombiner:
Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination
make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make_long_kaons()

pvs = make pvs()

code_pions F.require_all(F. MeV, F.MINIPCHI2(pvs 7

PT
code_kaons = F.require all(F.PT MeV, F.MINIPCHI2(pvs i

pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

ds_mass_bounds = in_range( Mev, F.t . MeV)

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,
F.SDOCA(2, mm)
ds_vertex = F.require_all(ds_mass_bounds,

ds = algorithms_thor.ParticleCombiner(
kaons, kaons, pions],
"DsToKpKmPip",
D_s- -> K+ K- pi-]Jcc",
ut=ds_combination,
ds_vertex)

b_mass_bounds in_range( MeV, F.} 2 MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner
ds, pions],
"BToDsmPip
r [B® -> D_s- pit+]cc",
t=b_combination,
b_vertex

bmeson

ch
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Might want our pvs, lets
make them.

-> algorithms_thor.ParticleCombiner
Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination
make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make long_kaons()

pvs = make pvs()

code_pions F.require_all(F. MeV, F.MINIPCHI2(pvs

PT
code_kaons = F.require all(F.PT MeV, F.MINIPCHI2(pvs i

pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

ds_mass_bounds = in_range( Mev, F.t . MeV)

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,
F.SDOCA(2, mm)
ds_vertex = F.require_all(ds_mass_bounds,

ds = algorithms_thor.ParticleCombiner(
kaons, kaons, pions],
"DsToKpKmPip",
D_s- -> K+ K- pi-]Jcc",
ut=ds_combination,
ds_vertex)

b_mass_bounds in_range( MeV, F.} 2 MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner
ds, pions],
"BToDsmPip
r [B® -> D_s- pit+]cc",
t=b_combination,
b_vertex

bmeson

ch
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We can use this
F.require_all functor to
require that the cuts inside
are met. In this case we
apply a PT cut and
MINIPCHI2 cut, and even a
PIDK cut for the kaons.

elections() -> algorithms_thor.ParticleCombiner

Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination

make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make long_kaons()

pvs = make pvs()

MeV, F.MINIPCHI2(pvs
MeV, F.MINIPCHI2(pvs

code_pions F.require all(F.PT
code_kaons = F.require all(F.PT 3
pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

ds_mass_bounds = in_range( MeV, F . MeV)
ds_combination F.require_all(ds_mass_bounds, F.SDOCA

F.SDOCA(2, mm)
ds_vertex = F.require all(ds_mass_bounds, F.C

ds = algorithms_thor.ParticleCombiner(
kaons, kaons, pions],
"DsToKpKmPip®,
= [D_s- -> K+ K- pi-]cc",
ds_combination,
t=ds_vertex)

b mass_bounds in_range( MeV, F.}

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner(]
ds, pions],
BToDsmPi
r="[B0® -> D_s- pit+]cc",
b_combination,
b_vertex

bmeson

ch
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ctions() -> algorithms_thor.ParticleCombiner: ! 19009¢ UNIVERSITY

Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination

OFWARWICK

make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make long_kaons()

pvs = make pvs()
Now we actually filter all e plna - f rowele L C1 = R s mE e
the kaons and pions in the Yo el e el i vy | Lo i)
event with these cuts. LT

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,

ParSing make_pions and ds_vertex F.require7a11{dsfr;lzggfﬁour'\ds, F.CHI2D !
F. FI LTER(i nsert your CUt ds algorithms_thor.ParticleCombiner(
condition) to ParticleFilter, ety

[D_s- -> K+ K- pi-]cc",
t=ds_combination,

this can be done!

b mass_bounds in_range( MeV, F.} 2 MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner(]
ds, pions],
"BToDsmPip
[B® -> D_s- pit+]cc",
1Cut=b_combination,
Cut=b_vertex

bmeson




def setup selections() -> algorithms_thor.ParticleCombiner
o ' e UNIVERSITY
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Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination

make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make long_kaons()

pvs = make pvs()
Lets say we also know what e i L e i mw e N
mass range we want the Ds Flons = lior s theq Fox Hlcl o meke plava £ EILTER ot pnel)
.
to be in (remember the Ds | |
. . . ds_mass_bounds = in_range( MeV, F.MASS, MeV)
IS a Comblnatlon Of tWO ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,
F.SDOCA(2, mm)

kaonS and a pion in thiS ds_vertex = F.require_all(ds_mass_bounds, F.CHIZ2DOF )
eve n't) . ds i;gz:t:z;ﬂ;?o;igzgt%clemmbiner;’

*DsToKp

[D_s- -> K+ K- pi-]cc",
ds_combination,
ds_vertex)

b mass_bounds in_range( MeV, F.MASS, MeV)

We Ca n a | SO a p p |y D O CA b_combination = F.require_all(b_mass_bounds)

b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs

constraints and CHI2DOF
Constraints On the Vertex' bmeson : algorithms_thor.ParticleCombinerf]

ons],
[B® -> D_s- pit+]cc",

b_combination,
vertex

bmeson




ctions() -> algorithms_thor.ParticleCombiner: ! 19009¢ UNIVERSITY

Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination

OFWARWICK

make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make long_kaons()

pvs = make pvs()
.
NOW -the COOI bl-t We code_pions F.require all(F.PT MeV, F.MINIPCHI2(pvs
) code_kaons = F.require all(F.PT MeV, F.MINIPCHI2(pvs
-t ” pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
aC ua y use kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

PartiC|ecombiner to make ds_mass_bounds in_range( MeV, F. MeV)

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,

the DS- You Can See We ds_vertex F.require7a11{dsfr;lzggfﬁour'\ds, F.CHI2D !
mUSt prOVide decay ds = algorithms_thor.ParticleCombiner(
descriptors and passit a e beTokparys

[D_s- -> K+ K- pi-]cc",
t=ds_combination,

CombinationCut and
CompOSiteCUt b_mass_bounds in_range( MeV, F.} - MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner(]
ds, pions],
"BToDsmPip
[B® -> D_s- pit+]cc",
1Cut=b_combination,
Cut=b_vertex

bmeson




Some Bs cuts we have
chosen.

-> algorithms_thor.ParticleCombiner
Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination
make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make_long_kaons()

pvs = make pvs()

code_pions F.require_all(F. MeV, F.MINIPCHI2(pvs

PT
code_kaons = F.require all(F.PT MeV, F.MINIPCHI2(pvs

pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

ds_mass_bounds = in_range( Mev, F.t . MeV)

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,
F.SDOCA(2, mm)
ds_vertex = F.require_all(ds_mass_bounds,

ds = algorithms_thor.ParticleCombiner(
kaons, kaons, pions],
"DsToKpKmPip",
D_s- -> K+ K- pi-]Jcc",
ut=ds_combination,
ds vertex)

b_mass_bounds in_range( MeV, F.} 2 MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME(pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner
ds, pions],
"BToDsmPip
r [B® -> D_s- pit+]cc",
t=b_combination,
b_vertex

bmeson

ch
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Finally ParticleCombiner

again

-> algorithms_thor.ParticleCombiner
Builds the D_s from two kaons and a pion with some basic selection
Then builds the B_s from the D s and a pion, also with basic selection
Finally returns the B_s combination
make_pions = standard_particles.make_long_pions()
make_kaons = standard _particles.make_long_kaons()

pvs = make pvs()

code_pions F.require_all(F. MeV, F.MINIPCHI2(pvs

PT
code_kaons = F.require all(F.PT MeV, F.MINIPCHI2(pvs i

pions = algorithms_thor.ParticleFilter(make_pions, F.FILTER(code pions))
kaons algorithms_thor.ParticleFilter(make_kaons, F.FILTER(code kaons))

ds_mass_bounds = in_range( Mev, F.t . MeV)

ds_combination F.require_all(ds_mass_bounds, F.SDOCA(1,
F.SDOCA(2, mm)
ds_vertex = F.require_all(ds_mass_bounds,

ds = algorithms_thor.ParticleCombiner(
kaons, kaons, pions],
"DsToKpKmPip",
D_s- -> K+ K- pi-]Jcc",
ut=ds_combination,
ds_vertex)

b_mass_bounds in_range( MeV, F.} 2 MeV)

b_combination = F.require_all(b_mass_bounds)
b_vertex = F.require_all(b_mass_bounds, F.BPVIPCHI2(pvs
F.BPVLTIME (pvs picosecond)

bmeson = algorithms_thor.ParticleCombiner
ds, pions],
"BToDsmPip
r [B® -> D_s- pit+]cc",
t=b_combination,
b_vertex

bmeson

ch
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def main(options: Options):
bmeson = setup selections()

Then you can just call this
new selection in a standard e 0 o g e
tuple script like so and it B I > o ) S

"Km": "[B® -> (D_s- -> "K- K+ pi-) pi+]cc",

will build your candidates! R

all vars = FunctorCollection(
"M": F.MASS

Warning this is very
advanced so don't panic if :

) . . variables “ALL": all vars
you don't get it right now!! { )

funtuple = Funtuple(
MyTuple®,
me="DecayTree",
fields,
s=variables,

make config(options, [bmeson, require pvs(pvs), funtuple])




HLTControlFlowMgr
LAZY AND: DaVinci #=1000
NONLAZY OR: UserAnalysis #=1000
LAZY AND: default #=1000
RawBankSizeFilter/FilterDstDataSize #=1000
TwoBodyCombiner/BToDsmPip #=1000
VoidFilter/require pvs #=140

FunTupleBase Particles/MyTuple #=140

HLTControlFlowMgr

INFO StateTree: CFNode

Sum=140
Sum=140
Sum=140
Sum=1000
Sum=140
Sum=140
Sum=140

Eff=|
Eff=|
Eff=|
Eff=|
Eff=|
Eff=|
Eff=|

(

(
(
(
(
(
(

#executed #passed

14.00000
14.00000
14.00000
100.0000
14.00000
100.0000
100.0000

ToolSvc INFO Removing all tools created by ToolSvc
NTupleSvc INFO NTuples saved successfully

ApplicationMgr
ApplicationMgr

Your output should look like this!

INFO Application Manager Finalized successfully
INFO Application Manager Terminated successfully

iy

.09727 )@
.09727 )3
.09727
.00000
.09727
.00000 )%|
.00000 )%|

INFO Histograms converted successfully according to request.
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e That's it, enough advanced topics and enough of me yapping. Time for you guys to play
around with these new features and explore for yourself!

e Please head over to the gitlab again, link here, read through the comments on the
advanced script and try and run it again on MC.

e Check the HLT1 TISTOS branches make sense, TRUTH_ID's look sensible and DTF's do

indeed constrain things!

Tasks:

Now try and run this script on data (DV_basic_data.py and data_options.yaml), how do

variables change?

Try and run the “super advanced” script too!

Add some more HLT1 decisions and see if they are TIS or TOS.

Add some more DTF's and try and constrain other masses.

Try and make other particle combiners too!!

If we are good for time we will end with a quiz to see what you remember!

I'm Probably Tired Now e
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For either case, we use the algorithm ParticleCombiner from algorithms_thor . This function
® takes in multiple keyword arguments, including its name, a list of inputs, a decay descriptor, and
cuts on the combination ( CombinationCut ) and the vertex ( CompositeCut ).

The combination cuts typically include selections on the DOCA (and the DOCA x2), and also a
selection on the invariant mass of the combination inputs. The vertex selections can also include
a cut on the invariant mass variable that is calculated using the information from the vertex fit as
well. (Typically it can be more precise, so the selections tend to be tighter.)

Other vertex cuts can include selections on CHI2DOF , which in this case represents the quality of
the vertex, the lifetime of the parent, BPVLTIME , the minimum IP or IP X2 of the parent, MINIP or
MINIPCHI2 , the flight distance in the z coordinate, BPVVDZ , among others.
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0 Minimum Bias vs NoBias

At LHCb, there are two similar things which are often confused: "Minimum Bias MC" vs. "NoBias data" Minimum Bias
MC refers to simulated samples where no decay is preferred, this is a simulated approximation for exactly what we
see in real life. This is then used for e.g. checking that distributions in MC are realistic. They are sometimes used to

check the expected throughput of trigger lines. They can be used to study ghost tracks...

NoBias on the other hand is a trigger line which makes no selection at all (data flows through the trigger only so it
can be reformatted). The NoBias stream can contain events without a beam-beam crossing, while in Minimum Bias
simulation, proton-proton collisions are forced.
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