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> | = Applications of GPU computing in HEP data analyses

2 Global statistical significance estimation by MC toys with GoofFit
» Amplitude analysis fit of B — J/yK*n~ with GooFit

> ll = Inclusive search in the JY/$ spectrum of the prompt and non-
prompt production of charmoniume-like states in pp collisions

> 1l = Convolutional Neural Networks for Track Seed Filtering at
the CMS High-Level Trigger

> IV = Schools, courses, conferences, workshops and pubblications
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Applications of GPU computing
in HEP data analyses
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GooFit : LEE & scanning technique INFN

C Bari

When an unexpected signal is found a global significance must be estimated. Thus the LEE must be
considered and a scanning technique must be implemented in order to consider all the relevant peaking
fluctuations with respect to the background model everywhere in the overall mass spectrum.

» In order to test the effects of the LEE we »  The scanning technique is configured on the

generated a dummy distribution with a fake basis of a clustering approach with the aim to:
signal in the 8 MeV region. Mass spectrum

1) Do not miss any interesting fluctuation
goes from | GeV to 18 GeV

2) Do not select too many marginal fluctuations
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GooFit : LEE & scanning technique INFN

C Bari

2 In order to study the possible bias of this method to the estimation of a global significance we have
seleceted three clustering configurations: a baseline configuration and one looser and one tighter.

Clustering conﬁgs. < fitg1 > frofit Local Signiﬁcance 4.00 4.50 5.00 5.50 6.00
Tight (3.00, 1.75, 1.00 2.2 ~10% Tight (3.00, 1.75, 1.00 221 291 358 4.23 5.19

Loose (2.00, 1.25, 1.00) 6.6 0.1% Loose (2.00, 1.25, 1.00) 219 292 358 423 5.19

2 For any locally significant signal (>4.0) the method do not introduce any systematical bias on the
global significance.
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GooFit : LEE & scanning technique INFN

C Bari

2 Once the method has been validated, the baseline configuration has been run on a
larger sample of toys (68M), obtaining the ANLL distribution:

Baseline Cofiguration

nliHisto_P_225_150_100
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Local significance = 5. 50 — Global significance ~ 4.230
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GooFit : amplitude analysis

Traditional Dalitz Plot analyses deal with 3-body decays without any vector state as a
daughter. In that case the decay amplitudes are calculated in a 2-D parameter space, namely
the Dalitz Plot space itself. In case of with vectors in the final state and with 2-body
intermediate states, the decay amplitude is calculated in a 4-D parameter space.

Decay modes needing an amplitude analysis fit being studied in the CMS Bari group
e BY 5 J/yY(nS)K*n~ to search for Z(4430) e Z_(4240)

Assuming the only intermediate 2-body states are the K*s: Bo>(2>pupn)K+(>Km-)
The 4-D parameter spaceis: & = (mz,, mzz/m' O Prpic)

A \

B.rest frame
5" | K* rest frame A b
Vi el N R

— K*r
e
X

Al N
AN HK* — K *If ZK i “‘.‘ \‘\\
x K* p K+ A "\‘ \

Taking into account the most predominant K* contribution 28 fit parameters in a 4
dimensional space (two factors (axe™®) for each helicity amplitude ).
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GooFit : amplitude analysis

> Porting of B —» J/WK*n™ AA. including: » the efficiency correction
and the combinatorial
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| 00K candidates.

Ongoing efforts aim to develop a Goodness of fit estimation procedure in order to fullfill the fit
procedure validation before starting to fit the real data.
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Inclusive search in the }J/Y/P spectrum of the
prompt and non- prompt production of
charmonium-like states in pp collisions
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Inclusive search in the Jy/¢p spectrum

In the last I3 years about 30 states
(known as X, Y, Z states) observed while
decaying to charmonium inspite of being
above the open-charm thresholds.
They show “exotic” characteristics.

Two main hypotheses:
> hadronic molecule
» tetraquark

Mass (GeV/c?)

=== oMy,

Miy+Mpe

cms 1 Confirmed (2014) two structures seen by CDF (2011) in the
| Jip mass system, with a 1D analysis of BY - J /oK *.

Prompt and non prompt production of Y(4140) state in
) pp collisions [ pp — Y(4140) + X with Y — Jl¢p ] by
studying inclusively the J/1i)¢ mass spectrum (2015).

% First amplitude analysis (2016) of the BT — J/y¢pK™*
observing 4 structures in the J/i)¢ mass system; among them
the Y(4140) structure, the closest to the kinematical threshold,

which is slightly better described as a D.D," cusp (resonant
interpretation also possible)
It becomes crucial to confirm the DO result for
the inclusive search. In case of a positive
confirmation this would rule out a cusp
interpretation of the Y(4140).

By exploiting Run-1 and Run-Il data, CMS has the
capability to look for the presence of the Y(4140)
and its partners inclusively in the J/y¢ mass
spectrum either promptly produced or coming by
decays of beauty mesons.
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Inclusive search in the Jy/¢p spectrum

» For validation purposes, two regions of J/{¢ invariant mass spectrum need to be explored; a control
region near the B, meson mass and a search region [4.1-4.8] in which these states may appear. In both
regions one looks for states decaying to J/Yd (J/Y = ppand ¢ > KK)

» By now the whole 8 TeV Run | data have been explored and two results for the
control region:

B; signal

a0 =-0.20473 +0.0073
al =-0.05654 +0.0099
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© B . ; 0
g - Control region a2 = -0.01634 + 0.0067 G Reconstru<.:t|on of the B
S o000 — mean = 5.366520 + 0.000067 - J/Yod signal as a control
3 B nBkg = 73457 + 460
£ - nSig = 55853 + 440 channel. _ The extracted
@ 8000 - sigifrac = 0.524 +0.025 control signal shows good
— sigmal = 0.01891 +0.00058 .
- sigma2 = 0.00811 +0.00021 agreement  with  already
_ published BL signals for
80001 Run | data.
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Study of the stability of the yield of J/W, ===
produced from a B - J/Pd decay, along all

the Run-I data taking with the aim to

» to check eventual biases in the evts selection

» test the effect of two different possible HLT triggers

JPsis from BY candidate
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The search strategy of a Y resonance in the uuKK final state is suitable for both Run-I pp
collisions data sample and Run-Il data being collected in 2017-2018

» For Run Il data taken in 2017/2018: two new specific high level trigger paths have been

implemented, one based on 2muons + 2tracks and the other on 4muons:

J/Pd background is expected to arise mainly from combinatorial background of K tracks,
then an additional strategy can be explored:

» investigate the J/{ invariant mass spectrum also through the rare but cleaner ¢ - pp decay channel

> J/Pod system explored relying only on p reconstruction, bypassing the lack of particle identification for hadron
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Convolutional Neural Networks for

Track Seed Filtering at
the CMS High-Level Trigger
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A

CNNs for Track Seed Filtering at the CMS HLT Rl

> Tracking at HLT : _ 250 CMS_Prlminay 13 Tev
2 The online farm consists of ~26k CPU Xeon cores é 200:_ w; s
2 A single event per logical core %’ /i(‘)
2 Now tracks are not reconstructed for all the events @ HLT § 150;_ * *‘i
>» This will be even more difficult at higher pile-up (200 @HL) § 1001 . W’L/( '

> The tracking workflow @ Pixel Tracker in a nutshell 00 NP TN TR TN |

average inst. luminosity x10%® [Hz cm™]
> Doublets generation: bottleneck due to huge combinatorial background.
E.g.~10N5 - 1076 doublets produced @ PU3S5 for TTBarl3TeV event with a fake ratio of ~300/400

: : Doublet Cellular Track
Pixel Hits generation Automaton fitting

upgrade ‘
4 barrel layers
= Lo Filter
Hit Pixel
based on
Clusters

clusters

current
3 barrel layers
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CNNs for Track Seed Filtering at the CMS HLT

)
INFN

C Bari

>> Typical binary classification problem : keep true doublets & reject fake doublets

BPix1 - Inner Hit

FPix_Pos1 - Outer Hit
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» We considered each hit as a 15x15 pixel
pad/image centred in the cluster center

of charge

» Asingle doublet is considered as a couple of
15x15 matrices

Pattern recognition problem : suitable
for a Convolutional Neural Network

approach
> “Feature layer map” model:
; 0 ] a a
2 CNN architecture: stack of Iz
convolutional layers (4) and max S SHEERERERE
pooling (2) @ 3 3 s erlsPliPEr S
- 215 ||12] (B (2] |B
& S RERERE
2  “DENSE” architecture: dense layers g ¥
. \—/ \—/
(2) fed with the 1-D reduced — L L
. . C Hit info input layer (59) )
Images + doublets infos @ Batch normalization layer (inX.inY,inZ outX, outY, .. )
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A

CNNs for Track Seed Filtering at the CMS HLT i

C Bari

}) CNN network trained on 2.5M doublets results

@ Max Accuracy rej @Q eff effQrej
AUC Mazx accuracy Efficiency Rejection — 0.99 0.999 0.99 0.5
Train | 0.982 0.940 0.9621 0.9371 0.85426  0.6706 0.5896 0.9997
| Tgst 0.982 0.941 0.9597 0.9296 0.8542 0.6709 0.5899 0.9996
Val | 0.982 0.939 0.9611 0.9312 0.8525 0.6707 0.5948 0.9996
» Classifier score for signal and background » ROC curve (efficiency vs rejection)
Layer Map Output Score ROC Curves - Layer Map Model
% 8 - cms Simu:,ations Pre"m:inary _________________ I
- é E ttbar eventf@ <PU>=35§

p(rue

False Positive Rate

> CNN techniques for mitigating combinatorial divergence look very promising.
Ongoing work: exploring the integration in the CMS reconstruction Framework
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Schools, conferences, workshops
and publications

6 Novembre 2017



4 Schools, conferences and workshops

>> Workshops & Conferences

2 103° Congresso Nazionale della Societa Italiana Di Fisica, Trento(ltaly), 11-15 Sep 2017
Oral presentation at SIF parallel session with title: “Recent CMS results in the search
of new signals in quarkonium physics”

}} Schools

2 Third Machine Learning in High Energy Physics Summer School, Reading (UK), 16-23 Jul
2017

2 CMS Physics Object School (CMSPOS), Bari (Italy), 4-8 Sep 2017; Participation to
Workshops and Conferences
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Publications

» A.Pompili and A. Di Florio (on behalf of CMS collaboration), “GPUs for statistical data analysis in
HEP: a performance study of GooFit on GPUs vs. RooFit on CPUs”, J.Phys.Conf.Ser. 762 (2016),
012044, Proceedings of “17th International workshop on Advanced Computing and Analysis
Techniques (ACAT-2016)".

» A.DiFlorio et al. “Statistical significance estimation of a signal within the GooFit frame- work on
GPUs”, J.Phys.Conf.Ser. 762 (2016), 012044 Proceedings of ”12th Conference on Quark Confinement
and the Hadron Spectrum (Confinement XII)”.

» A. DiFlorio, “Performance studies of GooFit on GPUs versus RooFit on CPUs while estimating the
statistical significance of a new physical signal”, Proceedings of “22nd International Conference on
Computing in High Energy and Nuclear Physics (CHEP- 2016)”. Already reviewed, going to print.

2 A. DiFlorio et al., “Convolutional Neural Network for Track Seed Filtering at the CMS High-Level
Trigger”, Proceedings of ”18th International workshop on Advanced Com- puting and Analysis
Techniques in physics research (ACAT-2017)”, in preparation.

» A. DiFlorio et al., “Performance studies of GooFit on GPUs versus RooFit on CPUs while estimating
the global statistical significance of a new physical signal”, Proceedings of “18th International
workshop on Advanced Computing and Analysis Techniques in physics research (ACAT-2017)”,in
preparation.

2> CMS Collaboration Author since 5 October 2017.
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Thank you

"l am putting myself to the fullest possible use, which is all |
think that any conscious entity can ever hope to do"

HAL9000
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