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R(D*) and MC sample size

systematic uncertainties in LHCb measurement

BaBar (2012), had. tag Contribution Value in %
0.33240.024£0.018 e B(t™— 3nv,)/B(rT — 3= (7")v,) 0.7
Belle (2015), had. ta : : Form factors (template shapes 0.7

g g -
0.293+0.038 £0.015 Form factors (efficiency) 1.0
Belle (2017), (had. tau) & 5 7 polarization effects 0.4
0.270+£0.035 £ 0.0Z7 i :
Belle (2019), sl : . Other 7 decays 1.0
clIc , Sl. ag X H ok
0.283£0.018 £0.014 — BO—> D **T++”T 2.3
LHCb (2015), (muonic ta) : B, = Di*77v; feed-down 1.5
0.336 £0.027 +0.030 ; o D} — 371X decay model 2.5
LHCb (2018), (had. tau) & D}, D° and D* template shape 2.9
0.280+0.018+0.029 | R B — D**D}(X) and B — D*~D°(X) decay model 2.6
Average : E D*~ 37X from B decays 2.8
: —_—

sk Combinatorial background (shape + normalization) 0.7
g.zlvlsgrie(c)i:o%\;erage .,.. B.ias dug to empty bins in templates 1.3
PRD 95 (2017) 115008 | Slz.e of simulation samples 4.1
0.257 £0.003 - : Trigger acceptance 1.2
JHEP 1711 (2017) 061 § Trigger efficiency 1.0
0.260 +0.008 ' B ; Online selection 2.0
JHEP 1712 (2017) 060 + Offline selection 2.0
0.257 £0.005 : Charged-isolation algorithm 1.0
H LAV Particle identification 1.3
Normalization channel 1.0
: : | ' . ' ' ' : Signal efficiencies (size of simulation samples) 1.7
0.2 0.3 0.4 Normalization channel efficiency (size of simulation samples) 1.6
R(D*) Normalization channel efficiency (modeling of B® — D*~3n) 2.0
Total uncertainty 9.1

HFELAV, arXiv:1909.12524

LHCb R(D*) (hadronic tau) PRL 120 (2018) no.17, 171802
% PD97 (2018) no.7, 072013

Kostas Petridis + Jonas Rademacker (Bristol) IPUs for HEP Workshop on Efficient Computing for HEP, 17-18 Feb 2020 4



https://indico.ph.ed.ac.uk/event/66/
https://inspirehep.net/record/1620479?ln=en
https://inspirehep.net/record/1634841?ln=en
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/main.shtml
https://hflav.web.cern.ch/
https://inspirehep.net/record/1757149?ln=en

: [ University of
AL BRISTOL

I

Ship: Simulating the tails

arXiv:1504.04956
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neutrino detector

(0)
Muon shield "'
Target and -
hadron absorber ; /SHIP
Search for Hidden Particles

The SHIP experiment will search for new, very

weakly interacting long-lived particles produced
in a 400 GeV/c SPS proton beam dump.

Start data taking ~2026
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Ship: Simulation challenge

arXiv:1504.04956

Y

L

" Particle ID

nersring demctor AVa
Muon shield "v
;Zrdgfc;c na: l:c:sorber S,S/I;!,IP,,
20
. . . <0.1
2 - 107" protons active and passive
\> 16 , . backgrounad
510" muons |[shields, event selection event

Large simulated samples of muon induced background processes are
required in order to optimise the experimental facility and develop
background suppression methods.
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Ship: Simulation challenge

arXiv:1504.04956

"~ Particle ID
Decay spectrometer

Scatteringand

AVa
neutrino detector

(0)
Muon shield "'
Target and -
hadron absorber ; /SHIP
Search for Hidden Particles

<0.1
background
event

20
2 - 107" protons active and passive

\> 5 .10 muons |shields, event selection

Ihis part of the process is computationally very expensive!
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Fast simulation of muons produced at @k BRISTOL
the SHIP experiment using GANs

A. Marshall + K. Petridis JINST 14 (2019) P11028 &5

- Use GANSs to simulate proton interaction
with the dense fixed target.

D) NVD

pojeIou

+ The residual mis-modelling of the GAN B il |
approach was found to have a minimal |
impact on the muon rate reaching the
decay volume

P (GeV/e)
"B, (Gevje) B E

“P, (GeV/e)

P, (GeV/c)
uoneUIG [N

« Using this approach can produce an
equivalent sample of fully simulated

muons O(10°) times faster.

P. (GeV/e)

X (em) Yiem)  a(em) = 1 (GeV/e) . P, (GeV/e)
Target simulation method Muons produced in 5 Time to simulate single

minutes muon (8)

Pythia8 and GEANT4 ~ 1 1.1x 107!
GAN (CPU) 7.5% 10° 4.0%x 1074
GAN (GPU) 3.5 % 10° 8.6 x 107>

GAN(IPU) ? ?
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https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11028
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Super-resolution with GANs
bicubic SRResNet SRGAN original

(21.59dB/0.6423)

Ledig, Christian et al. “Photo-Realistic Single Image Super-Resolution Using a Generative Adversarial
Network.” 2017 IEEE Conference on Computer Vision and Pattern Recognition (CVPR) (2016). 105-114.
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https://doi.org/10.1109/CVPR.2017.19
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Super-resolution with GANs

SRResNet SRGAN-MSE SRGAN-VGG22 SRGAN-VGG54 original HR image

Ledig, Christian et al. “Photo-Realistic Single Image Super-Resolution Using a Generative Adversarial
Network.” 2017 IEEE Conference on Computer Vision and Pattern Recognition (CVPR) (2016): 105-114.
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Recovering track information

S. Maddrell Mander + K. Petridis

Input, after multiple GAN-reconstructed “Truth” w/o
scattering tracks w/o scattering scattering

Simplified 2-D model for now, but encouraging initial
results - can even deal with overlapping tracks.
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Problems we love to have

then now/future

Consrafvlaﬁons,
it only took you |,
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Fitting

Eur.Phys.J. C78 (2018) 1.6, 443
- LHCb has millions, in some cases billions of signal events. 150 gl —————————

E.g. IMD" = K=2"2~ 7" in run 1 alone [Eur.Phys.J. C78 %140 Heh 3
(2018) no.6. 443]. Even “rare” decays like B — K*z—u*pu~ Z120 A

— D= Krtrtn—_
[ Combinatorial ]

require analysing 1M events (run 2, incl decays via K*J/y). 1%

1
II|III|III|III|III|III|III|III-L

~ m
gz 80 -
< 60 -

- 5- or more dimensional unbinned fits. Binned fit not an T 0 E
option. MC-based normalisation requires ~10x dataset. _— %_
Detector resolution requires convolution of PDF. o £ | —

140 145 150
Am [MeV/c?

+ Lends itself to parallelisation: 1M events -> 1M processes.

Also, detector effects -> FFT ~AMD® — K-zt7~ 7+ eventsin Run 1, 5-D

amplitude model with 38 fit parameters
+ 5-D, 100 parameter unbinned likelihood fit to 1M

B® — K*7~u*u~ events, incl detector resolution [Blake et <
al EPJC (2018) 78: 453], took ~5hours ina CPU ~5 minina ¢ s
GPU. 5 min is still rather long. <

(] E
)
S 15F
10
5:

+ See Ben’s talk tomorrow morning for tools such as zfit. 0

x1 0 x1 0?

10
35 F
30 F
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20 £
15 F
10F

T T
LHCb LHCb

+ RS data
D' — K-wtrta~
Combinatorial

Entries/ (0.02 GeV?%/¢')

1 1 1 1 1 1
2.5 0.5 1 1.5 2 2.5
Skt [GEV2/C4} Sk [GeVz/cﬂ
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Fitting

There are other experiments with large
signal datasets and complicated analyses.
See e.g. COMPASS
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better trigger
& doubled cross section
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||| upgrade (data taking in 2021)
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upgrade (data taking in 2021)
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i, upgrade (data taking in 2021)

Full event reconstruction and
selection online.

See Conor’s talk,
tomorrow morning
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trigger
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LHCb upgrade |l
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IPUs for HEP
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Further upgrades
(more data to be
processed faster
and better) are likely
to require new
computing
architectures for
LHCDb’s trigger.
Considerations
include CPU, GPU,
FPGAs, ASICs.

IPUs might occupy a sweet-spot in
performance vs flexibility. To be investigated.
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Timescales in big HEP projects
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CMS Li1phase 2 trigger upgrade

2015 2016 . 2017 - 2018 1 2019 1 2020 |
T .

I I I
Specifications and : : :
technolggy R&D Prototyping and :
demonstrators !

2021

Conceptual Schedule (v3)
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IPUs for HEP
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Trigger,
Pt = |4 University of
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Access to

GRAFHCORE IPUS, School of Physics
POPLAR,
expertise

Initial project

Proof or Principle: Use IPUs for

o fast event generation

O event reconstruction

o data analysis (amplitude analysis)
o trigger / online-reconstruction

Professor, Jean Golding, mathematician,
epidemiologist and founder of the Children

i 6
~ ra of the 90s cohort study.
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A project to develop and benchmark IPU-lbased
software in HEP that, we hope, can be taken further L
in the context of ECHEP

POPLAR,
expertise

Initial project

Proof or Principle: Use IPUs for

o fast event generation

O event reconstruction

o data analysis (amplitude analysis)
o trigger / online-reconstruction

* Professor, Jean Golding, mathematician,
e epidemiologist and founder of the Children

- ra of the 90s cohort study.
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Backup
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Initial Projects
Fast & Friendly python Maximum control and
programming, using efficiency with POPLAR
tensor-flow interface
Event generator
Culomb-scattering Trigger
correction Online Computing
Fitting
and the like
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Parameter estimation using multi-
dimensional maximum likelihood fits

® Amplitude analyses of beauty and charm decays at LHCb require
fitting 10s to 100s of millions of decays to extract physics parameters

® The large LHCb datasets, coupled with the need to control hadronic nuisance parameters mean that
even for rare B-meson decays involve fitting millions of decays in LHCb’s Run1+2

e Decays like B 05 K*n ~u 1 involve a 5D unbinned maximum likelihood fit to

I X 106 decays in order to extract 0) (100) parameters [Blake et al EPJC (2018) 78: 453 ].
® Calculation of pdf also requires to convolve with detector resolution

Tools like TensorFlow analysis allow a fit that takes ~5hours in a CPU to take ~5minutes in a GPU
Enables toy studies and as a result debugging/physics checks in hours rather than days

Larger datasets and analysis complexity means capitalising on intrinsic parallelisation of our fitting
methods is paramount


https://arxiv.org/abs/1709.03921
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