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A search for quantum black holes in electron+jet and muon+ijet invariant mass spectra is
performed with 140 b~ of data collected by the ATLAS detector in proton-proton collisions
at W5 = 13 TeV at the Large Hadron Collider. The observed invariant mass spectrum of
lepton+jet pairs is consistent with Standard Model expectations. Upper limits are set at 95%
confidence level on the production cross-sections times branching fractions for quantum
black holes decaying into a lepton and a quark in a search region with invariant mass above
2.0 TeV. The resulting quantum black hole lower mass threshold limit is 9.2 TeV in the
Arkani-Hamed-Dimopoulos-Dvali model, and 6.8 TeV in the Randall-Sundrum model.
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Z2  1.1. Introduction. Mass hierarchy problem.
JINR

The hierarchy problem: masses of three
generations fermions (leptons and quarks)
differ between themselves in ten times and
more. But other properties of the particles
and their quantum numbers are identical.

J What we can do?

» Existence of  the additional
spontaneously-violation of  global
symmetry, which is linking the
generations of the fermions.
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1.2. Introduction. Proposed models and BH properties.

O The quantum gravity models with extra spatial dimensions offer solutions to the mass
hierarchy problem of the Standard Model (SM) by lowering the scale of quantum gravity
(Mp) from the Planck scale (~10% TeV) to the TeV region (1-10 TeV).

O In these new physics scenarios, gravity becomes strong, and quantum effects are relevant.
Quantum black holes (QBHSs) are predicted in these low-scale quantum gravity models.

ST

.

moowpr

F.

d General characteristics of black holes:

Mass (M) — is main characteristic of Black Hole.

Electrical charge (Q) —is defined by charge of initial particles.
Angle moment (L) — is defined by spin and orbital momentum.
Color charge (C) — is defined by colored objects giving BH.
BH has no a metric radius, but only gravitational radius. This
feature called — “BH has no hairs” (theorem).

Radius of Schwarzschild (event horizon) is size of QBH.

O Inthe ADD model (Arkani-Hamed-Dimopoulos-Dvali), the gravitational field only is
allowed to propagate in extra dimensions (n = 6 in our analysis), while all SM fields are
localized in the four-dimensional space-time. Total number of dimensions is D = n+(3+1) = 10.
Every extra space dimension is sufficiently large with compactification radius R <1 pm.

O Inthe RS1-model (Randall and Sundrum) is a single warped extra dimension (n = 1),
which separates two three-dimensional branes (3-branes) by some distance. Gravitons can
propagate in this warped dimension. The effective Planck scale is determined by the curvature

of the extra dimension (warp factor). Total number of dimensions is D = 5.



2.1. ADD & RS1 models. Common properties [*].

JINR

» The global symmetries of the SM do not need to conserve in the strong gravitation
Interactions. However, the local gauge symmetries of color, total angular momentum (I+5s)
and electric charge are conserved.

» The share of OBH decays into two-particles is 51% (74%) in ADD (RS1) models, if the
QBH mass is near to My, while three-particle and four-particle decays are significantly less.

« Particles forming the QBHs are quarks, antiquarks and gluons in proton-proton collisions
at the LHC. The QBH can be classified according to their SU(3), and U(1),,, representations.
» The 9 possible electric charge states of QBH can be formed: +4/3, £1, £2/3, £1/3, 0.

« The QBH decaying into electron or muon and a quark (antiquark) is searched for in our
analysis. This channel provides good branching (46.8%), and lepton in final state provides
good ratio of signal and background.

« Six states only with fractional charge (+4/3, £2/3, £1/3) and with integer spin can decay to
a lepton and a quark [*]. Baryonic and leptonic numbers violated in this channel.

« Branching of QBH decay into lepton+jet is the same in ADD-model and RS1-model.

11% branching fraction for u+u, w+T-> QBH*® - e (u) + jet
6.7% branching fraction for d+d, d+d-> QBH*3 > e (u) + jet
5.7% branching fraction for u+d, w+d-> QBH*S3 > e (u) + jet

BE=(11+6.7 +5.7) x 2 = 46.8%

[*] Douglas M. Gingrich, Quantum black holes with charge, color, and spin at the LHC, arXiv:0912.0826v4 [hep-ph] 13 Jul 2010
: 6
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A 2.3. ADD & RS1 models.
JNR- Cross-section of the Quantum Black Holes production
with decay into lepton + jet final state [*].

5 x BR[fb]
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The QBH production cross-section of the quark-quark initial state is more than

100 times higher, than the cross-section of the antiquark-antiquark initial state.

The cross-section in ADD-model is ~200 times more than in RS1-model.

[*] Douglas M. Gingrich, Quantum black holes with charge, color, and spin at the LHC, arXiv:0912.0826v4 [hep-ph] 13 Jul 2010
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2.4. ADD & RS1 models.
Motivation to search for QBH at ATLAS. Signal generation [*].

O The ATLAS data obtained in Run2 at of Vs = 13 TeV allow as to search for
QBH at mass region ~1-10 TeV.

O The large cross-sections of QBH production in both models and the high
Integrated luminosity reached at the LHC in Run2 give us a hope to find a signal.

O The simulated QBH signal event samples are
obtained from the QBH 3.0 generator [*], which uses
the CTEQG6L1 leading-order PDF set.

O The parton showering and hadronization are
performed in PYTHIA 8.205, using the CTEQ6L1
PDF set and the A14 tune. The QCD factorization
scale for the PDFs is set to the inverse gravitational
radius. The QBH simulation assumes massless parton
interaction and conserves total angular momentum.

[*] D. M. Gingrich, Monte Carlo event generator for black hole production and decay in proton-proton
collisions — QBH version 1.02, Comput. Phys. Commun. 181, 1917 (2010).

DLNP Seminar, 30 October, 2024 8



2.5. ADD & RS1 models.
Monte-Carlo QBH Signal at the ATLAS, M, = (5.5, 9.5) TeV.
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[*] https://indico.cern.ch/event/340438/contribution/O/material/1/0.pdf

&+ jet invariant mass
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The distributions of events over invariant mass after reconstruction and selection. M= 5.0, 6.0, 7.0, 8.0
TeV for the ADD-model. M, = 3.0, 4.0, 5.0, 6.0 TeV for the RS1-model. They are normalized to 80.5 fb~!. 10
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2.6. ADD & RS1 models. Reconstructed Signal.
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5) The fit in SR is performed simultaneously with
the fit of CRs. All background mu-values and
nuisance parameters are propagated from CRs
to SR. The signal strength (mu-value) is also
included in the SR fit.

6) The “discovery fit” in SR is used to set model-
independent limits on the expected BSM signal.

7) Purpose of the model-dependent signal fit
(“exclusion fit”) is to set limits on a specific
model of the QBH production (ADD-model and
RS1-model in our case).

3.1. Analysis. Strategy and method.

X

ner->»

1) The signal, control and validation regions (SR, CR
and VR) are defined with using of invariant mass
m,,, of lepton and leading jet.

2) Three CRs are used for normalization and
likelihood shape fit of the MC background. The
“background-only fit” is performed
simultaneously for all control regions.

3) The VRs are not fitted at all. They are used only to
check modeling and for control of the fit quality.

4) The statistical analysis is performed with using of
the HistFitter package based on HistFactory,
RooFit and RooStats.

8) Systematic uncertainties are added as nuisance
parameters in the fit and they are constrained
with taking into account of mutual correlations.

9) All nuisance parameters (JES, JER etc.) including
the norm-factors (mu-values) of backgrounds are
propagated into the VR and SR.

10) The analysis is performed separately for muon
and electron channels. Combination of channels
will be implemented at the estimation of upper
limits on the product of cross section and
branching fraction.

DLNP Seminar, 30 October, 2024 11



3.2. Analysis. Control, signal and validation regions
+ selection of events with signal signature.

The control, signal and validation regions are defined with using of
invariant mass (M. ) of lepton and leading jet.

inv

Definitions of the Control, Validation and Signal regions. Note, that “...” means that this
criterion is not applied. Two same flavor opposite-sign (SFOS) leptons satisfying the signal
selection criteria are required in the Z + jets control and validation regions, while signal and
Baseline stand for the corresponding sets of the lepton and jet selection criteria.

Event selection WCR (WVR) ZCR (ZVR) TCR (TVR) SR (SVR)
my,, |TeV] [.O-1.5 (1.5-2.0) 1.0-1.5 (1.5-2.0) [.O-1.5 (1.5-2.0) >2.0(1.5-2.0)
Leading lepton, py |GeV] Signal, >130 Signal, >130 Signal, >130 Signal, >130
Subleading leptons, pr [GeV|] Baseline, <10 SFOS, =30 Baseline, <10 Baseline, <10
Leading jet, pr [GeV] Signal, >130 Signal, >130 Signal, >130 Signal, >130
Subleading jets, py [GeV]| Signal, <130 Signal. <130 Signal, <130, N >3 Signal, <130
Number of b-tagged jets 0 >2 e

EP™ [GeV] > 60

mg+p- |GeV] 70110

DLNP Seminar, 30 October, 2024 12



o> 3.3. Analysis. Background for QBH. %

JINR » Full analysis machinery includes statistical analysis of data as well as the

background estimation (MC-based and data-driven).

Sherpa 2.2.1 W+jets (W* - ev, pv, tv) sliced on max(H,, W)

Sherpa 2.2.1 Z+jets (Z - ee, py, TI) sliced on max(Hy, Z;)

Sherpa 2.2.1 Di-bosons (WW, WZ, 2Z - small background
Ilvqq, llgq, lvvy, llvv)

Powheg+Pythia8 Ttbar, non all hadronic small background

Powheg+Pythia8 W+t small background

Powheg+Pythia8 Single top, t- and s-channel  small background

» The data-driven matrix method was used for estimation of the fake leptons background.
It gives second-large contribution in electron channel and it is negligible for muons.

Year | Periods | Runs Numbers | Total Luminosity, b~

2015 D-J 276262-284434 3.220 In total for 2015-2018 :
Data: | 2016 | AL | 297730-31148] 32.988 L =140 fb!

2017 | B-K | 325713-340453 44.307

2018 | B-Q | 348885-364292 59.937

DLNP Seminar, 30 October, 2024 13



3.4. Analysis. Background-only fit.

!
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Events / 0.1 TeV

Data/ SM

Events / 0.1 TeV

Data/ SM

Results of background-only fit in CRs and VRS

Extrapolation of distributions from CRs into VRs shows a good agreement
with the data after the background-only fit.
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Events / 0.1 TeV

Data/ SM

Events /0.1 TeV

Data / SM

Results of background-only fit in SVR and SR

Extrapolation of distributions from CRs into SVR and SR shows a good
agreement with the data after the background-only fit.
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4. Systematics of background
and signal in SR

!
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4.1. Systematic uncertainties, uncertainty sources.

e Systematic uncertainties of objects in events:

v’ Electron/Muon reconstruction efficiency v Jet Scale/Resolution
v’ Electron/Muon isolation efficiency v’ Jet JVT efficiency

v' Electron/Muon trigger efficiency v’ b-tagging efficiency
v’ Electron/Muon identification efficiency v MET Resolution

v’ Electron/Muon scale and resolution v MET Scale

v" Muon track-to-vertex-association v’ Fake leptons systematic

* Uncertainties on detector performance:

v Luminosity uncertainty
v’ Pile-up reweighting

* Modeling systematics:

v Monte Carlo statistics

v Errors of the MC background normalization and shape fit
v" PDF and scale uncertainties of MC generators, EW corrections

DLNP Seminar, 30 October, 2024
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background in
all regions
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background
only

Not applied
to signal, to
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and to small
backgrounds:
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4.2. Systematic of background in SR.

ner->»

6 5 4 3 2 4 0 1 2 3 4 5 8 6 5 4 3 -2 1 0 1 2 3 4 5 8
Total_bkg_syst s bbbttt itoicbiotidabit bbb ictoicpbitri-L Totalbkg_syst--.-l.---I....l....l....|....|....|....|....|....|....|....
otal_| _SYy 0. 90.9.9.9, 9 <X <X | L5 0. SO OO 000 000 000 0.0 0.0.0.0.0.¢.4

EG_scale | oot MU _sagit res| e oo ostete N
stat_SR_bin_0 XX JES NP BORRRRIRRERSS
JER_DataVsMC ] XA stat SR bin 0] RN T
mu. W] R JER NPJ| I
Fake_Rate_Syst | KRR JER DataVsMC| IRBSS
JER_NP1] ROSE mu WL BN
EL_ID] RRRKS] MUMS] BRI
Fake Rate Stat ] MUID] R
JER_NP3] S JERNPT| e
JER_NP2 JERNPZ| R
PRW]| JER_NP4| R
JER_NP5] PRW]| R
Lumi| JERNPg| e
Wij_gen_scale] Wjgenscale] e
EL_iso JER NPT| R
JER_NP77 Lum[ O UURRRSY
JES_NP3] JERNPE| R
JER_NP6] mu_Ti]
JES_NP17] Zj_gen_scale]
JER_NP4] mu_Zj]|
Zj_gen_scale MU_reco_syst |
JES_NP2] MU_scale |
mu_Zj| JES_NP3]
mu_Tt | MU_trig_stat|
EG_resol | stat SR _bin_1 |
EL_trig MU_trig_syst |
stat_SR_bin_1] JES_Eta_pos |
JES_Eta_pos | JES_Eta neg |
JES_Eta_neg | MU_iso_stat |
EL_reco | MU_iso_syst |
JES_Eta_highE MU_reco_stat
WAL BN DL B B AL B BRI BRI BRI B B CLAMARL AR AR AR M L I I L I I I
6 5 4 3 2 41 0 1 2 3 4 5 6 6 5 4 3 -2 4 0 1 2 3 4 5 8

Systematics / Total Background [%]

Systematics / Total background [%]

DLNP Seminar, 30 October, 2024

Systematics / Total Background [%]

19



. - - - X
B X
A 4.3. Systematic of signal in SR.
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4.4. Systematics — pulling and constraining. Discovery & Exclusion.

mu_Sig— mu_Sig— mu_Sig mu_Sig—
mu_Tt-1 mu_Tt-1F mu_Tt-1|- my_Tt-1 -
mu_Wj -1 mu_Wj-1i— mu_Wj -1 mu_Wj -1
mzad e mu_Zj -1 muzl- N mug-e
————————————————— ~-e--4 JER DataVeMC TR sl T JER DalaVsMC |-
EG_resol[— : i - i ; |
JER NP1 | JER NP1 |
B - : EG_scale— : :
EG_scale JER NP2|- | : JER NP2 :
= : EG_scale AF2 - : 5
EL_ID|- JER NP3 | Sl JER NP3} |
ELsol JER NP4 |- L R JER NP4
~ ] iSO ]
EL_reco|~ | JERNPS |- FL ool | JERNPS =
EL trig|- JER_NPG|- e JER NP6 -
. SR NPTL EL trig— : JER_NP7— |
Fake Rate Stat JES, Pt Hight |- Fake_Rate_Stat|~ JES_Eta_hight |~
Fake Rate_Syst — JE_S E;a negl Fake_Rate_Syst|— JES_Fta_neg|—
{ER DataVaNC - JES Fta_pos - JER DataVeMC |- JES_Fta_pos|-
JER NP1~ ¢ JES NP JER NP1 JES_NP1—
JER NP2|- | JES NP2l JER NP2/~ JES NP2/~ ¢
JER NP3} JES NP3~ JERNP3|- JE—&:::*
JER NP~ MU_bighPT - JER NP4 |~ MU_highPT |
JER_NP5|- : MU_ID — JER_NPS — MU D
JER_NP :ﬂ"l‘j—.'s"—s‘a‘* JER NP6 - MU_iso_stat |-
JER NPT | so_syst = JER NP7 - MU_iso_syst |~
JES_Eta_hight |- " MU—TT JES_Fta highE - : MUMS -
- ; reco_stat [ : L 5
JES.Fta_neg|~ MU_reco_s il JES_Fta neg MU_reco_stat —
& —feco_syst — JES_Eta_pos |- | MU_reco_syst |-
JES_Eta_pos— : MU sagit res|— : : ) i
E _sagit ! E JES NP1L MU_sagit_res — :
JES_NP1- MU_scale — : oL MU_scale —
: : : JES_NP2— : _scale —
JES_NP2|- MU_trig_stat — JES NP3|- MU_trig_stat —
JES NP3~ MU_trig_syst - - T ARl MU_tig_syst
PRW|- MU_tiva_stat - Rl MU_tiva stat |-
Real_Rate_Syst|— MU_tva _syst - Real Rate Svstl- MU_tiva_syst
, g PRWI i B PRW[-
Wi_gen_pdf|— : , ; Wi gen pdfl— : :
Wi_gen_scale| Wi_gen_pef - Hgen P Wi_gen_pf|—
]_g - Wj_gen_sle | Wj_gen_sle — Wj_gen_scale |
Z)_gen_pdf | 2_gen pif | Zj gen_pdf - ¢ Z_gen_pdf|-
Agensak- | A - Ao scabl- Zgo sl -
THl\H\‘\\HZ\\H‘\\H‘\H\‘HH!HH‘HH'H\ \_HlHH‘HH2\H\‘\H\‘\H\‘HH'HH‘HH'\H \_HlHH‘HH2\H\‘\H\‘\H\‘HH!HH‘HH'\H nh
2145105005115 2 215105005 115 2 215105005 115 2 2145105005115 2
Relative Value after Fit Relative Value after Fit Relative Value after Fit Relative Value after Fit
Discovery, Electrons Discovery, Muons ADD-7.0, Electrons ADD-7.0, Muons

21



5. Upper limits in model-independent
(discovery) fit

!
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3“3 5.2. Upper limits. Model-independent (discovery) fit. %
Poeas 11 5 s L
JINR E1D4 ; | LI | LI | T T | T T | LI | LI | LI | T T | T T | ; é

= E ATLAS —e— Observed | E

; - 4T Expected median

- Vs=13TeV, 140 b Expected tle

- e/u + jet Expected 20 -
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1[]_2 E_ 111 | I | | L1111 | L1111 | L 111 | 111 1 | I | L 111 | L1111 | E

| é | 2.9 3 3.9 4 45 5 55 6 6.5
Low border of SR, ThSR [TeV]
The 95% C.L. model-independent upper limits on o x Br for the non-SM signal
production with decay into lepton + jet (combined channel).
The limits take into account statistical and systematic uncertainties. Circles along the
solid red line indicate the lower border of the SR (threshold of SR, Thgg), above which the
observed limits are shown in green and yellow, respectively. The limits are obtained with

pseudoexperiments. DLNP Seminar, 30 October, 2024 24



6. Upper limits with modeled signal
(exclusion) fit

!
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6.1. Upper limits. Exclusion fit (with modeled signal)

> 1010
© . Dau 2015 2018
K0 ATLAS Internal 4654 SMivsig, stattsys
< . W
2 10° - (s =13 TeV, 139 ™' M:f:?et
o 7 I Z+jets
o 106 QBH — e + jet &'Je
10 I Single top
10° I Dibosons

I ADD, M, =7.0 TeV

({(1{

11

Pre-fit, Electrons, ADD 7.0 TeV

Data / SM
N HH¥HH

3 10°
© o Data 20152018
o ATLAS Internal 5 Shsig, satvayat
” _ W
2 107k (s=13TeV, 139" - Ztets
2 10° i tt
m - QBH - p +jet I Single top
10 I Dibosons

I ADD, M =7.0 TeV.

§\>
§
|
'

Pre-fit, Muons, ADD 7.0 TeV

> gl T IR B LI I B SR I S
[/}

e ATLAS Internal o 3,‘;,‘:;31;::’::,,5
~ W-

2 V5= 13 TeV, 130 " T Mt

[ Ztjets

] QBH - e + jet -ﬁ e

I Single top
I Dibosons
N ADD, M, =7.0 TeV

Data / SM
_{Y TTT
X
\
\
\
|

0.5

>
(]
2 ATLAS Intemal Py 2;‘::.3‘:.:2::m
o } [ Weiets
_g Vs=13TeV, 139 b = tz;jets
o QBH — p +jet I Single top
I Dibosons

I ADD, M, =7.0 TeV.

¥

s 15 T T LI, 97 72
7] E
3 1 //////A{///
g f
0.5 v T T s sk
2 3 4 5 6 7 8 9 10 11 12
mirwl-TeV]

Post-fit, Muons, ADD 7.0 TeV

p value

p value

Electrons -+ ommas

@ Observed CLs+h
—4— Observed CLb

----- Expected CLs - Median
[ ExpectedCLs 16
[ ] ExpectedCLs +2 o

ADD, 7.0 TeV

.......
.........
vvvvvvvvvvvv

5~"0.001 0.002 0.003 0.004

Upper limit scan over p_Sig

—_

% Muons o
0.8 —4— Observed CLb
07 ----- Expected CLs - Median

[ ExpectedCLs £10
[ ] ExpectadCls 2 o

0.6
0.5
04
0.3
0.2
0.1
0

ADD, 7.0 TeV

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
mu_Sig

26



—a0  6.2. Upper limits with modeled signal (exclusion) fit.
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The combined 95% C.L. upper limits on oxBr as a function of M, for QBH production at M,,= Mp
with decay into lepton + jet for (a) ADD (extra dimensions n=6) and (b) RS1 (extra dimensions n=1).

The limits take into account statistical and systematic uncertainties. Circles along the solid red line indicate
the mass My, of the signal where the observed limit is computed. The expected limits are shown by the
dashed line. The #lo and #20 bands are shown in green and yellow, respectively. The theoretically
predicted oxBr for the QBH production and decay is shown as the solid blue curve with squares. The limits
are obtained with pseudoexperiments.
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Table.

The lower limits on My, and the upper limits on o xBr at these mass points for QBHs

decaying to a lepton and jet in the ADD and RS1 models. The model-independent upper
limits on o xBr are shown at m; > 5 TeV.

nv

)

nr»r-»

= 6.3. Upper limits. Final values. %

Channel ADD ADD RS1 RSI Model-independent

a X Br[fb] Mg |TeV ] o xBr|tb] My |TeV |  o(min = 3 TeV) x Br [ib]
Electron+jet 0.091 9.0 0.099 6.6 0.095
Muon+jet 0.083 9.0 0.087 6.7 0.084
Combined 0.056 9.2 0.061 6.8 0.052

O No significant excess is found, but stringent limits are placed on parameters

in variety of models that introduce extra dimensions and lead to the prediction
of new particles.
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™~ | =
= /. Conclusion of Run2 study. %

JINR

nr»r-»

» Analysis was done for Run2 and for three types of fit: background-only, model-
independent (discovery) and with modeled signal (exclusion).

» The observed invariant mass spectrum of lepton-jet pairs is consistent with SM
expectations.

» The obtained model-independent limit on ¢ x Br (0.052 fb) show a factor of 3.5
improvement with respect to the previous upper limit at 8 TeV collisions .”

» The QBH threshold mass limit for the ADD model (9.2 TeV) is 3.9 TeV higher
compared to the previous result at 8 TeV collisions in ATLAS.” The limit on ¢ x Br
for the ADD model is 0.056 fb.

» The limit on the QBH mass (6.8 TeV) and on ¢ x Br (0.061 fb) for the RS1 model is
determined for the first time in the lepton+jet decay mode.

*) Previous limits on M, at QBH — e/u/t + jet were 5.2, 5.1 and 5.3 TeV
respectively. Upper limit on oxBr for My, > 3.5 TeV was estimated as 0.18 fb.

(ATLAS, \s=8 TeV, Phys. Rev. Lett. 112, 2014, 091804)

“* More details (kinematic distributions, tables and figures of systematic, expected
yields of background and many other things) are represented in supporting note:
http://cds.cern.ch/record/2637190

s Paper Phys. Rev. D publication DOI: 10.1103/PhysRevD.109.032010
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Part |1
Neural networks using in search for OBH with Run3 data
of the ATLAS detector

Introduction.

Neural Network (NN) - from Simple to Deep. Architecture of a DNN.
Task formulation for the QBH analysis.

Quality check of the input data of NN.

Training and testing of NN.

Results of separation of modelled background and modelled signal.
Conclusion for Run3 analysis.
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1.1. Introduction. Very short history of neural networks

o 1940-1960: First concept of neural networks.

Algorithm forward.

o 1970-2000: Method of backward propagation of an W ?
error and nonlinear functions of activation. Chat GeT Coogle

o 2000-2020: Development Deep Learning and modern |

neural networks. ‘ﬁ %
o 2020: Creation of model GPT-3 (Generative -

Pretrained Transformer 3) - the language model ﬂum Baitl S

developed OpenAl (they also have created ChatGPT).

Names:

» (1949) Donald Hebb, theory of simultaneous activation neurons.

» (1950-60, Perceptron): Frank Rosenblatt - American scientist in the field of psychology,
neurophysiology and artificial intelligence. Was born in New York in a family of natives of
the Russian empire.

» (1974): Pol Verbos has developed algorithm (method) of backward propagation of errors
which is used till now for training of neural networks.

» (1985-2001): Marvin Lee Minsky — American computer scientist concerned largely with
research of artificial intelligence (Al)

» and others, etc.
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]

i 1.2. Introduction. Base Problems. @

JINR

» The Neural Network is the mathematical model constructed just like real biological neural
systems. The mathematical-algorithmic tool, allows us to solve following problems:
-- Forecasting
-- Recognition of images
-- The analysis of the data
-- Information storing
-- Classification
-- Compression of the data
» NN may be to present in the form of a black box, which has Inputs and Exits. And in this
box there is a set of neurons. Communications between them have the of weights.

» Neural Net is not a common Program. It has just
different logic of work.

» For good work Neural Net has to pass a Test.
» For good work Neural Net has to learn.

DLNP Seminar, 30 October, 2024 32
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Hidden Layer

1.3. Introduction. Terminology. \%

Simple Neural Network — SNN

Work NN: Forward propagation

/

h. = f(Z(x.- w'Y) + b))

hout = yl

¢

h,,. =f(Z (h,- w?) +b)

Terminology

» Neural Network — NN

» Simple Neural Network — SNN
» Deep Learning Neural Network — DNN
» neuron (node)

» weights

» bias

» input layer — inputs

» hidden layer

» output layer — outputs (exits)
» activation function

» forward method

» backward method

Activation Function:
Sigmoid (x)

| 9=1/(1+ exp () |

33
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‘M 2.1. NN: from Simple to Deep. Architecture of DNN @f
JINR g

Hidden Layer

Input Layer Hidden Layer 1 Hidden Layerp § Output Layer

Black box has many Hidden Layers.
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2.2. NN: from Simple to Deep. Black Box.

Input Layer Hidden Layer 1 Hidden Layerp Output Layer

< Black Box |

o What part we can supervise in work of DNN? — Only {X;}
o What does Black Box do during work? — We can’t know.

DLNP Seminar, 30 October, 2024
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A 3.1.Task formulation for the OBH analysis.

2 stage — NN has to search for a signal in real data of ATLAS detector.

1 stage — NN has to separate a background and a signal in MC datasets.

¢ |. Forward
propagation
( x;

o(e) ——V
Output

Inputs <

Activation
Function

Weights

Sigmoid (x)

** Il. Learning NN:

Activation Function

A = 1

l+e™*

propagation
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4. Quality check of the entrance data of NN.
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--- @) mocie MinMax-Scaling
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o, 5. Training and testing of NN. %

Q JIBa naracera mig Signal u Background oO0benuHeHb! B ouH (aii
<dataTotal 200 1.csv>.

O Drot maraceT pa3zneneH Ha BEIOOpKH - Train, Test and Validate.
Q Bei6opku: Train, Test, Validate - 3anucansl B oTnenbHbIe qata-Gpeiimbl Tra Panda.

U ITo nonmydeHHBIM BBIOOpKaMH cO3lIaHbl THcTOrpamMmbl  <dataTrain>, <dataTest>,
<dataValidate>. KauecTBO IaHHBIX IOCIIE pa3IeiaCHUs OOIIETO JaTaceTa He YXYAIIHIOCH.

O Jlns ob6yuernss NN ectp 3 Bo3moxkHOCTH: «OOydeHue ¢ yuutelem», «Qoyuenue oe3
yuumena» n «O0ydeHUe ¢ MOAKPEILUICHUEM.

0 Knaccudukanms. Paznenenue va dpon (W+jet) u curnan (QBH: 8 TeV) NN cuenana.

--- [Ipu paboTe UCIOJIb30BANIUCH 2unepnapamenpsl. CKOpoCTb 00yUYEHHUsI, YUCIIO CI0EB, YUCIIO
HelipoHoB B NN u uuciio smox. Pesynbrar pasjeneHus noixydaincs Mpy pa3IndyHOM 3HAYCHUHU
CKOpOCTH OOY4Y€HMs, YHCiia CJIOEB M 4Hhclia HeUpoHOB. YeM MeEHbIEe CJIOEB, TO TEM IIpHU
OOJIBIIIEM YHCTIE 30X TMOoJIyvascs pe3ynbrar. [lepBbolil peaBapUTeNbHbIN pe3yabTaT MOJy4eH
pu uucie 3mox - 300 000.

--- [Ipu oOyuennn Ha nmaracete <dataTrain> cuurtanucek ommbku: MSE, RMSE u TouyHOCTB
Mozenu accuracy net.
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6.1. Results of separation of modelled background and modelled signal
Layer of neurons: self.H L9

10 - (Test region of NN).
Separation of Background
and Signal with:

. na\ o-value = 0.9992 (Signal) and
S\g p-value = 0.9999 (Background)

Data: Run3 (ATLAS, MC),
{X} — Electron channel.
Background : W+jet,
Signal: QBH_ADDnN6_8TeV

Class 1 and Class 2

rouﬂd

I I I I I ) I I
0.9992 09993 0.9994 0.9995 0.9996 0.9997 09998 0.9999
p-Value Tablel

Number | Number of | Learning | Number of | Train Accuracy p-value
of neurons rate epochs loss (mse) | of model, signal /
hidden % background
layers
10 8 82+{X} 0.001 300000 ~0.0012  99.87 0.9992/
0.9999

*1- base parameter: “mLepJet” 39



6.2. Results of separation of modelled background and modelled signal
Class 1 and Class 2

N K = (Test region of NN).

45'\g\ v | Separation of Background
and Signal with:

p-value = 0.9999 (Signal) and
p-value = 0.9304 (Background)

[=)}
o
=

8

5

Data: Run3 (ATLAS, MC),
{X;} — Electron channel.
Background : W+ijet,
Signal: QBH_ADDnN6_8TeV

Mumber of neurons in Layer: selfH_L11

. p-Value . . . Table 2
Number Number of Learning | Number | Trainloss | Accuracy p-value
of neurons rate of epochs (mse) of model, signal /
hidden % background
layers
12 10 12002+{X;} le-6 2000 6.88e-6 65.46 0.9999 /
0.9304

*3- base parameters: “mlLepJet”, “detalepJet”, “dphiLepJet” 40



/. Conclusion for Run3 analysis

Deep Neural Network (DNN) was constructed for analysis.

Training of two versions of our DNN model: NN _BkgSig 007 & NN_BkgSig_008
with dataset of <dataTrain> in Training region is done.

Testing of model of DNN with dataset of <dataTest> in Test region is done.
In Validation region DNN with dataset of <dataValidat> works good.

Classification task is executed - the DNN separates the dataset into two classes:
background and signal. Later we shall add some classes of background.

In model NN_BkgSig 007 is used 1 observable value - it is: mass of lepton and
leading jet - “mLepJet”. Results of calculation for model NN _BkgSig 007 are
presented in Table 1.

In model NN_BkgSig 008 are used 3 observable value : mass of lepton and leading jet
my, - “mLepJet”, An, between lepton and leading jet “detalepJet” and Ag,; between
lepton and leading jet “dphilepJet”. Results of calculation for model NN_BkgSig_008
are presented in Table 2. Later we shall add some more observables (pr,, pry, Ny Ny, ---)-

The given versions of model of DNN are quite satisfactory.
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For additional information mail
to: zkarpova@cern.ch

Thank you!
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Partl:
Search for OBH with Run?2 data of the ATLAS detector

Introduction and motivation to searching for Quantum Black Holes.
Models with extra space dimensions: ADD & RS1.

Analysis of the ATLAS data at collision energy of Vs = 13 TeV (Run2).
Systematic of background and signal in Signal region (SR).

Upper limits in model independent fit.

Upper limits for two models (ADD, RS1).

Conclusion for Run2 analysis.

Part1l:
Neural networks using in search for OBH with Run3 data
of the ATLAS detector

Introduction & Terminology.

Neural Network (NN) - from Simple to Deep. Architecture of a DNN.
Task formulation for the QBH analysis.

Quality check of the input data of NN.

Training and testing of NN.

Results of separation of modelled background and modelled signal.

Conclusion for Run3 analysis.
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6.4. Upper limits. Comparison with CMS.

138 b (13 TeV)

= . o E 3
= '""E ATLAS —e— Observed T T [CMS —— ADD(n=4) ]
= F -~ 4T Expected median Q 103;_ QBH —epn o =
10° = Vs =13 TeV, 140 fh I Expected +15 = % = 95% Cldbusr;pﬁsggmlts =
C + = t; - — -
Dz C l-:]B'-l — E.‘l"jd, Jet ExpECtE:d ﬂﬁ_ _ 102 §_ ceem f\-"edlan e}(pected _§
1 g_ —— RS1-model {I'I—'I} _§ - - Ga% expec‘ed 3
N ] B 95% expected 7]
10 — g E
1= - e =
o 3 E 107 -
10-2 ;_ _; : \
[l I | 1 1 1 | 1 | 1 1 | | 1 | 1 | 1 | 1 | | | 1 | 1 | 1 | 1= 10 2 | 1 1 | 1 1 | 1 | 1 1 1 | | | | | | | | | | | | | | | | |
2 3 1000 2000 3000 4000 5000 6000
Threshold Mass of QBH, M_ [TeV]
m m,, (GeV)
(a)

(b)

(@) The combined 95% CL upper limits from ATLAS on oxBr as a function of the threshold mass for
QBH production with decay into lepton+jet for the RS1 model (RS with one extra dimension). Circles
along the solid red line indicate the threshold mass of the signal where the observed limit is
computed.

(b) CMS 95% CL upper limits on the product of the cross section and the branching fraction for QBH
production in an ADD model with 4 extra dimensions, in the electron+muon channel, as a function of
the threshold mass [*].

[*] CMS Collaboration, Search for heavy resonances and quantum black holes in ey, ez, and uz final states in
proton-proton collisions at Vs = 13 TeV, JHEP 05 (2023) 227. arXiv:2205.06709
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6.5. QBH mass limits. Comparison with CMS.

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2023 f.!: dt = (3.6 — 139) fh1 \/g =13 TeV
miss = —_—
Model £,y Jetsi ET™ [rCdt[ib™] Limit Reference
I L] Ll LI I T L} L] T I L] T LI I T I

= ADD Gkk + g/q Oe 1,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874
8 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZ NLO 1707.04147
£ ADDQBH - 2j - 139 | My, 94TeV n=6 1910.08447
S ADD BH multijet - >3] - 3.6 My, 955TeV n =6, Mp=3TeV,rot BH 1512.02586
© RS1 Gk — yy 2y - - 139 Gk mass 4.5TeV k/Mp; = 0.1 2102.13405
'5 Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gk mass 2.3TeV k/Mp; = 1.0 1808.02380
Bulk RS gxx — tt leu 21b21J2 Yes 36.1 8kk Mass 3.8 TeV rNm=15% 1804.10823
2UED / RPP 1eu  22b,>3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY — ¢t) =1 1803.09678
ADD QBH len =1] - 140 Mg 9.2TeV n=¢ B
RS QBH len =1] - 140 Mep 6.8 TeV n=1 2307 14967

CMS Status — QBH

ADD QBH (jj), nep =6 0I0°8121803 08030 (2j) 36 fb~!
ADD QBH (eq), nep = 4 0.0°5.62205.06709 (ey) 137 fb~!
ADD QBH (eT), nep = 4 010°5:22205.06709 (eT) 137 fb~!
= ADD QBH (ut), nep =4 0.6-5102205.06709 (pT) 137 fb!
'E ADD QBH (yj), nen=6 2.0-7.5CMS-PAS-EX0-20-012 (y +j) 137 fb~!
é RS Gyllt), kifs = 0.1 0/0-4,782103.02708 (21) 140 fb~!
= RS Gyelgd, gg), kiMp = 0.1 0/5-2.61911.03947 (2j) 137 fb~!
X RS QBH (jj). nep =1 0.0'5.91803.08030 (2j) 36 fb~*
RS OBH (¥i), Nen=1 2.10-5.2CMS-PAS-EX0-20-012 (y +j) 137 fb~!
RS Gix(yy), kiMp = 0.1 01054 /8CMS-PAS-EXO-22-024 (yy) 138 fb~?

ATLAS: ADD QBH — j+j, 9.4 TeV, 139 fbL
ADD QBH — £+ j, 9.2 TeV, 140 fbL

RS1G, —7y+7, 45TeV, 139 fbt

RS1 QBH — { +j, 6.8 TeV, 140 fo?

CMS:

ADDQBH — j+j, 8.2TeV, 36fb™
ADD QBH — y +j, 7.5 TeV, 137 fot
RS1G, —7y+7y, 4.8TeV, 138 fb!
RS1 QBH— v +j, 5.2 TeV, 137 fot

DLNP Seminar, 30 October, 2024

45




2.1. ADD & RS1 models. Common properties [*]. &
Ov

JINR
« OBH is a multidimensional object like a quasi-particle in 4-dimentional space-time.

« OBH is a massive resonance can decay into some well detected usual particles.

» Global symmetries do _not conserve. Strong gravitation interactions do not need to
conserve the global symmetries of the Standard Model. In the models the QBH production
IS supposed that baryon’s and lepton’s numbers can be violated. However, the local gauge
symmetries of color, total angular momentum (I+s) and electric charge are conserved.

- Event horizon for QBH with mass of Mg, ~TeV has gravitation radius R ~Mp~.
« If the multi-dimensional scale is near the electroweak scale My = Mg , the hierarchy
problem can be solved. The four-dimensional Planck scale Mg, is related to the multi-

dimensional scale M by M;; ~M§+”Rn (1)

* In both ADD and RS1 scenarios it is expected, that QBHSs should form, when collisions
energy will exceed a certain threshold mass My, that is set equal to My. The QBH mass is
required to be in range of 1-3 M,

« The final state multiplicity of the QBH decay depends on the definition of the My scale.
51% (74%) of the QBH decays two-particle in ADD (RS1) models, while three-particle and
four-particle decays are significantly less.

» The OBH decaying into electron or muon and a quark (antiquark) is searched for in our
analysis (QBH — lepton + jet). This channel provides good branching and lepton in final
state provides good ratio of signal and background.

[*] Douglas M. Gingrich, Quantum black holes with charge, color, and spin at the LHC, arXiv:0912.0826v4 [hep-ph] 13 Jul 2010
i 46
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2.2. ADD & RS1 models.

Mgk Production and decay of Quantum Black Holes [*].

+¢ For proton-proton collisions at LHC the allowed particles forming the QBHs are quarks, antiquarks
and gluons. Quantum Black Holes (QBH) can be classified according to their SU(3), and U(1),,
representations.
 The 9 possible electric charge states of QBH can be formed: *4/3, £1, £2/3, #1/3, 0.
-- The +4/3 charge state can only be formed by quark pairs.
-- The £2/3 charge state can be formed either by an antiquark-antiquark or a quark-gluon pair.
-- The £1/3 charge state can be formed either by a quark-quark pair or an antiquark-gluon pair.
-- The £1 charge state can only be formed by a quark-antiquark pair.
-- The 0 charge state can be formed by a quark-antiquark or a gluon-gluon pair.

ad (?ix states ?nly (£4/3, £2/3, £1/3) with integer spin can e 119% branching fraction for
ecay to a lepton and a quark [*]: +4/3 i

= U0 = QBT o el 6 73 Bbl_rlancﬁien(uf)r;cgt?gn for

> dbart dbar > QBH'23 > ¢* (u*) + d; (70 Drancning frac

>u+d > QBH® > ¢* (u*)+ ubar: QBH*" e (u) + jet

> ubar + dbar = QBH"3 = & () * u; « 5.7% branching fraction for

>d+d > QBH%3 > ¢ (W) + dbar: QBH#B e (u) + jet

> ubar + ubar 2 QBH#° 2> e (u) +d. * BF = (11+6.7+5.7)x2 = 46.8%

¢ BR of QBH decay into lepton+jet in RS1-model is the same as in ADD-model. The cross-section in
ADD-model is ~200 times more than in RS1-model.

[*] Douglas M. Gingrich, Quantum black holes with charge, color, and spin at the LHC, arXiv:0912.0826v4 [hep-ph] 13 Jul 2010
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3. ADD & RS1. Key moment: Production of Quantum Black Holes [*] - 2

¢+ For proton-proton collisions at LHC the allowed particles forming the QBHs are quarks, antiquarks
and gluons. Quantum Black Holes (QBH) can be classified according to their SU(3), and U(1),,
representations. The 9 possible electric charge states can be formed: £4/3, 1, ¥2/3, #1/3, 0.
-- The £4/3 charge state can only be formed by quark pairs.
-- The £2/3 charge state can be formed either by an antiquark-antiquark or a quark-gluon pair.
-- The £1/3 charge state can be formed either by a quark-quark pair or an antiquark-gluon pair.
-- The £1 charge state can only be formed by a quark-antiquark pair.
-- The 0 charge state can be formed by a quark-antiquark or a gluon-gluon pair.

¢ A priori the cross section for QBH production is not known. Based on classical arguments and only
one available scale, the cross section is most often is taken as the geometrical cross section:

o~nr} (2)
where ry is the gravitational radius of the fwo-particle system.

s(QBHY,,,) = ZL, , P f —fa(xmm)fb(x)nr @)

min

where a and b are the parton types in the two protons, and f,, and f,, are the parton distribution
functions (PDFs) for the proton. The sum is over all the possible quark and gluon pairings that can
make a particular quantum black hole state.

48
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3.1. Model with extra space dimensions: ADD - 3 {?

JINR )
» Key moment: Production of Quantum Black Holes, [*]

«* Then the gravitational radius r, of a quantum black hole of mass M is:
1

1 M \D-3
= 3
GV (MD) , (3)

where D is the total number of Spacetime Dimensions, and k(D) is a numerical coefficient, depending
on the number of dimensions and the definition of the fundamental Plank scale (for low gravity scale).
At energies of the fundamental Plank scale M, the sizes in Spacetime of the incoming partons and
the gravitational radius r,, of the QBH are both of order Myt If I is a width of the QBH resonance, for
PDG the definition of the Planck scale we have:

1

k() = (20-4y7" L) @

% Some fraction of the total centre-of-mass energy s in a proton-proton collision is available in the
hard scattering process. One can define sx,x;, = sx,,,,= § , where x, and x;are the fractional energies
of the two partons relative to the proton energies The full partiele-level cross section is given by:

G(QBHPWZ) Z f dXmin f gfcz (xmin) fb(x)nrf] ) (%)

X X

Xmin

where a and b are the parton types in the two protons, and f,, and f, are the parton distribution
functions (PDFs) for the proton. The sum is over all the possible quark and gluon pairings that can
make a particular quantum black hole state. 49
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5.2. Analysis: Event cleaning and object pre-selection %

Data quality and event cleaning: GRL, problematic regions of the Lar and TileCal,
incomplete events, check of primary vertex with >2 tracks.

Trigger: HLT _e26_lhtight_iloose, HLT _e26_lhtight_nodO _iloose, HLT e60_Ihmedium,

HLT e120 l|hloose, HLT _mu26_imedium, HLT _mu26_ivarmedium, HLT _mu50
Candidates of electrons (“Baseline”): “LooseAndBLayerLLH” quality, |n|< 2.47
and p;>10 GeV after calibration.

“Baseline” muons: “Medium” quality, |n|< 2.7 and p;>10 GeV.

“Baseline” jets: “AntiKt4EMTopojets”, JVT cut, |n|< 2.8 and p;>20 GeV.

Bad Jet Veto: "LooseBad" condition in the JetCleaningTool package.

Overlap Removal: a) if AR(jet,lepton)<0.2 and jet is b-jet, then lepton is removed
and jet is kept; if jet is no b-jet, then vice versa jet is removed;

b) using only remaining jets if AR(jet,lepton)<0.4, we need to remove the lepton
and keep the jet.

Bad muon veto: muon is "bad", if a(g/p) / abs(q/p) >0.2.

Cosmic muon veto: muon is cosmic, if it has a track with |z,"¥|21 mm and
|d,"Y120.2 mm.

Selection of “Final” objects: isolated lepton with the “GradientLoose” condition,
trigger matched and with p;>30 GeV; good jets with p;>20 GeV.

Event pre-selection: one or more “Final” lepton and one or more “Final” jet.
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5.4.2. Some other features of analysis ‘\i%

,

Statistical analysis is done with using of the HistFitter package v0.63.

We use the W+jet, Z+jet and TTbar control regions (WCR, ZCR and TCR) for both electron
and muon channels. These samples are normalized and fitted in CRs and extrapolated to
VR, because they are main three background modeled by MC.

Each control region is fitted in 5 bins over M., (from 1.0 to 1.5 TeV with step of 0.1 TeV),
what allows us to use shape information of distributions.

Systematic uncertainties are added as nuisance parameters. They are constrained also by
the fit with taking into account of mutual correlations.

The background-only fit is applied now: the control regions are used to constrain the fit
parameters and to extrapolate distributions into validation region.

Small backgrounds (W+t, single top and di-bosons) are not fitted and used as it is.
Nevertheless, small variations within their systematic uncertainties are allowed for better
performance of the fit.

All MC events are weighted with following factors:

totWeight = genWeight * mcEvtWeight * pileupWeight * lepSF * btagSF * jvtSF * tauSF,
where genWeight = (o * L) / (3 mcEvtWeight) and lepSF= trigSF * idSF * recSF * isoSF.
Background of fake leptons is estimated with data-driven matrix method. It is not fitted.
Special weights are calculated for events selected from the data by the LPXMatrixMethod
package. Fake leptons bring a second-large contribution in total SM background in some
regions in electron channel. However, this background can be neglected for muons.
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Normalization in Background-only fit

Fitted background normalization factors in the simultaneous
background-only fit of 3 CRs for the electron+jet and muon+jet
channels.

Background electron+jet muon+jet

W+ jets 1.009 + 0.021] 1.015+£0.014
L+ jets 0.992 +£0.036 | 0.973 £0.032
tt 0.962 + 0.061 | 0.959 £ 0.087




