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Overview of Experiment

e Name: The Large Hadron Collider Beauty
(LHCDb) Experiment.

e Main focus: Matter-Antimatter Asymmetry &
the beauty quark.

e Unique aspect: The LHCb only focuses on
forward-moving particles (Unlike, say,
ATLAS and CMS)

What | worked on: Analysing the decays of the
short-lived kaons via programs written within
Python (Experimental/Analytical Physics)
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Some Definitions

High-Level Trigger(HLT): A software application to help decide what events are
Interesting

« HLT1: Conducts partial-reconstruction of events
 HLTZ2: Conducts complete reconstruction of events

* Work was done entirely within HLT?2

 Reconstruction: The process of generating a set of tracks that model the path a
particle takes through a detector.

 Rate: How many events are created within a given time period (i.e events/second)

e Cut: amaximum and/or minimum placed on a certain variable
 Completely up to the programmer to decide this value
* Ex: electron pt > 80 MeV
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Motivations

e LHCDb has undergone an upgrade, so it
IS now possible to study processes with
low-pt electrons.

e Decay of K, — e* + e can serve as a
probe into beyond standard-model
Physics.
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Making Some Histograms - The Basics (1/2)

Code being shown: The
test line that was written

for KSO —e'te def electrons_for Ks():
pvs = make pvs()
cut = F.require all(
F.P > 3 * GeV,
.PT > 8.3 * MeV,
.CHI2DOF < 16,
.MINIP(pvs) > 0.5 * mm,
. . . .MINIPCHI2 ) Lo
First function defines the oy prPe)
cuts that will be applied to .SIZE(pvs) > 0,

)
the eIeCtronS return ParticleFilter(make long electrons with brem(), F.FILTER(cut))

Second function defines
. . def K short for e(electrons, pvs):
the cuts that Wl” be app“ed combination code = F.require all(
to the K_Short Candldates in_range(400 * MeV, F.MASS, 600 * MeV),
F.MAXDOCACHI2CUT(25.),
F.MAXDOCACUT(©.2 * mm),
F.SIZE(pvs) > 0O,
)
vertex code = F.require all(
F.BPVLTIME(pvs) > ©.0845 * ns,
.BPVWDZ(pvs) > ©. * mm,
.MAXDOCACHI2CUT (25.),
.MAXDOCACUT(©.2 * mm),
.CHI2DOF < 25.,
.MINIP(pvs) / F.BPWDZ(pvs) < 1. / 6@,
.MINIP(pvs) < 0.4 * mm,
.BPVWDRHO(pvs) > 3. * mm,
.BPVDIRA(pvs) > 0.999,
.SIZE(pvs) > @,

*Important note: This code was
used for learning purposes*
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Making Some Histograms - The Basics (2/2)

Feed the simulation files through the
written test line, then you’ve managed
to generate some results!

Input files

28 options. input_type = "R0OT" Mass Histogram of Ks-->e+ e- Decay

options.input files = [ m
"root://x5@9up_u89950@eoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000012 1.xdigi”, Wi Eﬁt r|ES 1302
"root: . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/60154132_ 06000015 1.xdigi", E -

"root: .cern.ch//eos/1hcb/grid/prod/1hcb/MC/Upgrade/XDIGI/@0154132/0000/00154132 00000019 1.xdigi", = : Mean 462.9
"root: . .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/06154132_ 80000025 1.xdigi”, I.E - Std DE\" 2? 53
"root://x509up_u8995e@eoslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000027 1.xdigi", e GD e =
"root://x509up_u89950@eoslhcb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000028 1.xdigi", o —

"root: o .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_ 00000029 1.xdigi”, # I~

"root: . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/60154132_ 00000030 1.xdigi", I~

"root://x509up_u8995e@coslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/80154132/0000/00154132 00000035 1.xdigi”, 50 '___

"root://x5@9up_u89950@eoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000037 1.xdigi” -

"root://x509up_u8995e@eoslhchb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000038 1.xdigi”, -

"root://x509up_u89950@eoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_ 00000039 1.xdigi”, -

"root://x569up_ug9956@eoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_ 00000042 1.xdigi”, —

"root: | . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000043 1.xdigi”, 40 I

"root://x509up_u89956@coslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/80154132/0000/00154132 00000044 1.xdigi”, :

"root://x509up_u8995e@eoslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000046 1.xdigi”, —

"root://x589up_u89956@ecoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/60154132_ 00000047 1.xdigi", —

"root://x509up_u8995e@coslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/60154132/0000/00154132 00000048 1.xdigi”, 30 —

"root: | . .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/60154132_ 06000050 1.xdigi", —

"root: | @ . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 0000051 1.xdigi"” :

"root: | . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000052 1.xdigi", |

"root: | 1 o .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/06154132_ 00000053 1.xdigi", 20 —

"root: . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000054 1.xdigi", b

"root: | 1 . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/80154132/0000/00154132 00000055 1.xdigi”, -

"root: o .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000057 1.xdigi”, |

"root: | . .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/60154132_ 00000058 1.xdigi", 10 [

"root://x5@9up_u8995e@eoslhcb. .ch//eos/1lhcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_ 00000061 1.xdigi”,

"root://x569up_ug9956@eoslhcb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_ 00000063 1.xdigi",

"root://x509up_u8995e@eoslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000065 1.xdigi”,

"root://x509up_u89950@eoslhcb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000067 1.xdigi" , \ , N | , \ . N | N \ , N M N ) , , |
"root://x509up_u8995e@eoslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132 00000068 1.xdigi", {]400 450 500 550 EUU
"root://x509up_u89950@eoslhcb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/00154132/0000/00154132_00000069_1.xdigi",

"root://x509up_u89956@coslhchb. .ch//eos/1hcb/grid/prod/lhcb/MC/Upgrade/XDIGI/80154132/0000/00154132 00000072 1.xdigi”, MBSS [ MEVIC -~ 2 ]

Input files | >| A Histogram |
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Making Some Histograms - Verifying the Results

K, — e* + e Mass Histogram (No MCTruth) q KL — et + e Mass Histogram (w/ MCTruth)
s Ks_M - S / Ks_M
C Entries 608 5 i Entries 545
- Mean 463 8 Mean 465.6
o5l Std Dev 27.31 25— Std Dev 26.15
20— 20—
15— 15— 1
10— 10
5 5
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Mass [MeV/c"2] Mass [MeV/c"2]
Notice the

difference?
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Final Results-
Effect of Bremsstrahlung on Ks mass histogram

K. — e* + e- Mass Histogram K. — e* + e- Mass Histogram

o = data o = data
t 9 Entries 234 Tt 9 Entries 234
g - Mean 462.2 g - Mean 462.2
s 8 f_ Std Dev  27.73 s 8 f_ Std Dev  27.73
s o [
o] L o] L
E 77— E 7
=] — =] —
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i I i I
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Histogram that has been corrected for the Histogram that has not been corrected for the
Bremsstrahlung effect Bremsstrahlung effect
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Final Results - Offline Analysis

« Main purpose was to optimize cuts used in generation of K., —» e* + e mass

histogram.
e  Maximum rate of a line: 100 Hz

« Rate output of K. — e* + e" line: 880 Hz
« To minimize the rate, offline analysis is required.

K. — e* + e- Mass Histogram K. — e* + e- Mass Histogram (After O.A)

2 1ol— Entriesdata 220 2 B Entriesdata 181
I%’ - Mtean 463.2 ] ] E B Mean 464

oF a2 ¢ reduction in events: o St Doy 202

r ~18% o

5; 6_—

; e New rate output: [

‘C L ~551 Hz ‘F

il ) i Il

90022034060 760 '5cl>0H' 520 JH'Saltoj 560580600 1“ H ol . |H, T

L L 1 | 1 L 1
KS0 Mass [MeV/c"2] f00 420 440 460 480 500 520 540 560 580 600
KS0 Mass [MeV/c2]
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What | Have Learned

| have learned...
 How research within the LHCDb collaboration is conducted.
« How to write an HLT?2 line as well as run tests on that line to learn more about the reconstructed
events.
* More about Python and the various ways it can be used for data analysis.
 How to work in Linux.
 How to work with ROOT (to a degree).

 Quick Acknowledgement: | never would have gotten this far without my supervisor,
Dr. Sergio Arguedas Cuendis. He helped me at every step along the way, and | cannot
thank him enough for being there to answer my questions (even the stupid ones).
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Conclusion

—What's heen done- \What still needs to he done:
* A peak has been found in the  Verification is needed for the
Ks? — e* + e mass histogram Bremsstrahlung result.
* (As far as | know) this measurement has never
been made before within the LHCb  Therate of K. — e* + e needs to be

lowered even further

« Rate has been brought down to 551 Hz. That’s

« The results within the mass histogram progress, but it's still too high.

have been proven to be signal events
* Proven via Monte Carlo Truth

 Bremsstrahlung has been proven to
have no effect on the mass histogram
* More work is needed
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Default cuts Tight cuts

3.e3 MeV (3 GeV)

Table of cuts -

e+/- PT_MIN
e+/- PID_E_MIN
e+/- CHI2DOF_MAX
e+/-_ MINIP
e+/-_ MINIPCHI2
Ks_BPVVDZ_MIN
Ks_BPVVDRHO MIN
Ks_BPVDIRA_MIN
Ks_BPVLTIME_MIN
Ks_MAX_IPBPVVDZ_RATIO
Ks_MAXIP
Ks_ MAXDOCACUT

Ks_MAXDOCACHI2CUT

80 Mev

-3

9

1 mm

36

Omm

3mm

0.999

0.0045 ns

1/60

0.4 mm

0.2 mm

25.

3.e3 MeV (3 GeV)

115 MeV

=i

2.5

1 mm

256.

Omm

3.7mm

0.996

0.0045 ns

1/60

0.3 mm

0.2 mm

25.
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Histograms of Variables used (1/3)

 Electron transverse momentum

e+/- PT_MIN, MC e+/- PT_MIN, MC
" data ® . data
c Entries 82810 g Entries 82810
e Mean 360.3 : Mean 360.3
' 3000 StdDev 2338 3000 StdDev 2338
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Histograms of Variables used (2/3)

« Electron minimum impact parameter

e+/-_MINIP, MC
n data
= 10000— Entries 82810
4 - Mean 4.821
H - Std Dev  5.946
8000
6000 H
4000 H
2000
O %l 1 1 1 | 1 1 1 1 I 1 1 1 1 L Il Il | =l L 1 1 J L1 1l L
0 5 10 15 20 25 30 35 40
Miniumum impact parameter
(No cut)

CVEIILS

e+/- MINIP, MC
data
10000 Entries 82810
Mean 4.821
Std Dev 5.946
8000
6000
4000
2000
0 i‘ 1 1 1 | 1 1 1 1 ] 1 1 1 1 L -] 4 | - L 1 1 J L1 1l L
0 5 10 15 20 25 30 35 40

Miniumum impact parameter

(Default cut)

CERN i ?

Garath Vetters | Studies of Short-Lived Kaon Decays at LHCh




Histograms of Variables used (3/3)

e K-short minimum lifetime
KsO BPVLTIME_MIN, MC

KsO0_BPVLTIME_MIN, MC

2 14000 data dat
= L Entries 41405 . ata
2 - Mean 0.01138 g 14000[— g Entries 41405
. 120001 StdDev  0.01836 > - '\S/ltzag 3-81 ; gg
B ev .
B 12000 —
10000 10000 -
8000— 2000 -
6000/— 00 -
4000 - |
- 4000 — |
2000/— N |
- 2000— |
0 B L 1 1 I 1 1 1 l 1 1 1 I 1 1 1 | 1 1 J_Il 1 1 I 1 1 1 I 1 1 1 | 1 1 1 l 1 1 1 : I l I | Jd I I | l
_1 _0.8 _0,6 — ,4 _0,2 0 0'2 0.4 0,6 0'8 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 L 1 1 1 1 1
Particle lifetime 0708 —06 04 02 0 02 04 o.elsD ) |O'?'f ) 1
article litetime
(No cut) (Default cut)
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HLT1 Line for K’ —» e* + e

« Merge request for decay line
« |hcb/Allen!1134

- Intended for strange decays such as K, - e* + e".
« Work is still being done on this line
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https://gitlab.cern.ch/lhcb/Allen/-/merge_requests/1134

L HCb dataflow
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