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Search for Quantum Black Holes

in lepton and jet final state using pp collisions
at \'s = 8 TeV with the ATLAS

Introduction Shortly about ADD-model
’ /’-"
a Data were collected for 20.3 fb-1 @ 8 TeV. The Large Extra Spatial Dimension Model with n compact extra dimensions / About branching fractions\
. Why LHC? Quantum Black Holes (QBHSs) are predicted in low-scale quantum gravity theo- o _ : ol fion of QBH
ries that offer solutions to the mass hierarchy problem of the Standard Model (SM) by lower- - The multi-dimensional Planck scale is assumed to be equal to the electroweak scale Mp= iorodic?i?: sfofr;?:;s:tgtlg nw(i)thC}ep-
ing the scale of quantum gravity (MD) from the Planck scale (~1016 TeV) to ~1 TeV. That is Why MEWK, for removing the hlerarChy prOblem. Where the eleqtroweak scale is Mewk~1 TeV and ton and jet depends on'initial state.
a search region for invariant masses of QBH was checked near 1-10 TeV. Here Mo is a multi- the true Planck scale is equal Mp~10' TeV. Than the gravity becomes strong, and quantum
dimensional mass of QBH. effects are important. The true Planck Scale Mg is related to multi-dimensional one as: . For initial two u-quarks and ob-
o ) jects with electric charge of +4/3 the
MBH~Mp . Signature. The QBH’s decay mode is assumed with 1 lepton (electron or muon) and a jet in M2 ~ M " R branching fraction BF=11%.
quantum black hole final state. This mode has the best branching and Signal to Background ratio. P D 2 ® _
small entropy .- For initial ud-quarks and objects
: with charge of +1/3 the branchin
. Featfures. QBHs with masses near Mo have tc_> conserve totql angular mome.ntum, .color and . Extra spatial dimensions are large, i.e. the radius R could be from ~1 um up to 1 mm. T Blg=5.7% | g
electric charge. The most important. a behavior of QBHs differs from semi-classical black e g s s A I e
holes, which decay via Hawking radiation to a large number of objects (at the left). - Accoraing to the Scenario It IS expectea, that the microscopic black holes should form, Heys :
. ’ ; Rk | when collisions energy will exceed a certain threshold mass M. It can be above Mo, but far ATOLAMIIas JCagyaiig it SRIegH
. : AL with charge of -2/3 the branching
. The Large Extra Spatial Dimension Model with n compact extra dimensions with a gravita- below MFj'- Thls_phenomenology of black holes production must be markedly d'St'“gu'Sh?d- fraction BF=6.7%.
tional radius R was suggested by Arkani-Hamed, Dimopoulos and Dvali (ADD) [1-3]. Semi-classical case. If the black hole was produced far above threshold M, then it can
/S decag into Ifa(rJQe quantity of objectstia the Havaking radiation. _Processes with initial states of
: _ \ 2 ase of Quantum Black Hole. QBH could form near threshold M. Later it can decay into anti-quarks and heavier sea-quarks
[[12]] ?_'ﬂrtlf,anr;;;:"ﬁ_dj\f’k'a?,'ﬂf;'mé?sg_aSi?nS;,EL,,'3,:!’n:.hé_sk'_'%t\t,'aﬁ,4,3,?;,3?3;&??13%?2;;}?S;%?ﬁ??(?ﬂ,%p_ph,9804398_ the two-body final states. The production of QBH close to M dictates a possible quasi- are suppressed by a factor of ~100.
thermal black hole [3] N.Arkani-Hamed, S. Dimopoulos, and G. R. Dvali, Phys. Rev. D 59, 086004 (1999), arXiv:hep-ph/9807344. resonant final state with an observable enhancement for a certain invariant mass. \\ /
" large entropy ,

Event selection Detector Backgrounds for Quantum Black Holes

1) In the electron (muon) channel events are required to have exactly 1 electron (muon). Dominant backgrounds

2) Electron candidates are identified as localized depositions of energy in the EM calorimeter with obtained _ffom _ . Events with a high pr of Iepto_n and 1 or more jets can arise frpm
p1=>130 GeV and |n|<2.47, excluding the barrel-endcap transition region, 1.37<|n|<1.52, and matched WMonte Carlo simulation: — - electroweak processes. They include a vector-boson production
to a track reconstructed in the tracking detectors. _ with additional jets and dibosons (WW, WZ, ZZ). Strong processes

= e . 1) Wtjets, include top-quark pairs (ttbar), a single top-quark (t or tbar) and
3) Isolated electrons are selected by requiring the transverse energy deposited in a cone of radius | A/ VL EEREEE Ne N 2) Z+Jets; multijets (QCD) production. Last can be include non-prompt lep-
AR=V{An)2+(Ap)2= 0.3 centered on the electron cluster, excluding the energy of the electron cluster i | .,.'.,- % ?\-“ 3) Dibosons: WW, WZ, ZZ; tons of semileptonic hadron decays and jets, which were misiden-
itself, to be less than (0.0055p1.*+3.5) GeV after corrections for energy due to pileup and energy. leak- i \ | a_ i ﬁ‘\&u \ w;}m;“;d: - 4) ttbar pairs; tied as leptons.
age from the electron cluster into the cone. % ¥/ /o s fml ':e*“ 5) Single top-quarks;
4) Muon candidates are required to be detected in at least three layers of the muon spectrometer oo Somodmosper | een ot 6) Multijets (QCD).

. The electroweak background in Signal Region was estimated us-

and to have pr>130 GeV and |n|<2.4.

" Cut-away view of the ATLAS detector. Inner Detector ing Monte Carlo samples, normalized to data in Control Regions.

9) Signal muons are required to be isolated such, that Zpr<0.05xprm, where Zpris the sum of the pr |/ The dimensions of the detector are 25 m in | . TR Simulation was based on GEANT4 and with the corresponding
of the other tracks in a cone of radius AR=0.3 around the direction of the muon. height and 44 m in length. The overall AL ALY | Al model of the ATLAS detector geometry.
weight of the detector is approximately 7000 |
6) Jets are constructed from three-dimensional noise-suppressed clusters of calorimeter cells using tO%eLSAS : % sl
. 3 - . " . . IS 4 MUItipurpose aetector witn a
the anti-kt algorithm with a radius parameter of 0.4. All jets are required to have pr>50 GeV and ) 7 e bl
TRPdTACRIAIE B Additional inelastic proton-proton's interactions, termed pileu
In|<2.5. In addition, the most energetic jet is required to have pr>130 GeV. ometry and it covers about 4w of solid an- | = N -‘ S ) . : P PKe : ;o0 prg&p:
_ v gle. Identification of vertex, = electrons, O e —— RN L included into the event simulation thus, in order to accord
The experm;ental1e_’ffl‘c/len¢énya‘I/Is. frzm 819(59)% to 81(50);’1/) for :Inasses QBH :'#f&iﬂ?fﬁﬁt; aal:: 2??:353"&3"; 22 emnl;;%y g T S —— Qith thia it Aikititibn over nunbr ofalersctibne. Ber bufich
rom eVio eVin the electron (muon) erlannel, tion of different detectors and systems. The ATLAS Inner Detector (ID) is des)'gned to provide hermetic and robust pattern CTOSSing- Average number Of interaCtionS per bUI‘ICh crossing was
[4] Search for Quantum Black Hole Production in High-Invariant-Mass Lepton+Jet Final States Using pp Collisions at 's = 8TeV and . They are Magnetic system, Inner Detector, :e°°9"'t'°"’ e"c‘:”i”t ";70'"9";‘;'" ’;530’”"0" and both primary and secondary ver- about 21.
the ATLAS Detector, The ATLAS Collaboration, Phys.Rev.Lett. 112 (2014) 091804 (2014-03-05), DOI: 10.1103/PhysRevLett.112.091804 Liquid-argon. electromagnetic calorimeter, | ‘¢ Measurements forcharged tracxs.

CERN-PH-EP-2013-193, e-Print: arXiv:1311.2006v2 [hep-ex].

Hadronic calorimeters and Muon system. The ID is contained within a cylindrical envelope of length 3512 mm and of
radius 1150 mm. Point z=0 mm is a point of the protons colliding.

Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS (1) Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS (2)
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g 10° E \'S =.8 TeV B W+jets |5-|5 . e | Expected JLdt—203fb1 upper ~ limits on g E_ \s-=8TeV -W-I.-J'ets
B e+jet Z+jets % . Expectedt 1o >6q9xBFqq for QBHs de- ; 10% LL+]et Z+jets
= 104 L dt =203 b Il top quark o Expected + 2 6 \s =8 TeV caying to a lepton+jet, as | € J L dt=20.3 fp! Mtopquark
S - Diboson o 10F ® Observed 3 | a function of My, assum-| £ ;3L = Diboson
w453 B Multijet s —— QBH prediction 1 |ing Mp=Mw and n=6 of | 1 - M Multijet
-=QBH (4 TeV) - - ADD extra dimensions. 102E -=QBH (4 TeV)
- =QBH (5 TeV) - € ®Region above line with - =QBH (5 TeV)
10° - .
y points is excluded. The 10 T
g s _| | limits take into account i 4
10 K ’,' = 1 | statistical and systematic | i " ks
i : = - | uncertainties. The upper n &
1 ' L) i 1 |limit is Mn = 5.3 TeV. 1071 - et
(e . | | Masses Mn<5.3 TeV were s "n
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Invariant Mass (e,jet) [TeV] M, [TeV Invariant Mass (u,jet) [TeV]
& e + jet channel 5 & Some total comments for left and right panels. Y 1 +'jet channel e
Distribution of the Invariant Mass of the lepton and . Two examples for the QBH signals are pointed with help of curves of the blue and red colors. Blue line - it is a simulation of QBH with the invariant | | pjstribution of the Invariant Mass of the the lepton and
highest-pr jet in the electron+jet channel for data mass, Which is equal 4 TeV. Red line = it Is tl?e simulation of QBH with the invariant mass, whlgh is equal 5 TeV. _ 2o highest-pr jet in the muon + jet channel for data (this
(this are points with error bars) and for SM back- . Hatched area shows the sum of uncertainties related to the finite Monte Carlo (MC) sample size and various sources of systematic uncertainties. are points with error bars) and for SM backgrounds
grounds (they are solid histograms). : '_I'o .get the upper .Iin?it for the Ieptqn+jet_ Cross §ection, a fit of the invariant mass distribution was done, by method replacing the MC sample size uncer- (they are solid histograms).
tainties by the statistical uncertainties with the fit parameters.
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Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS (3) Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS (4)
E ) : . , e . YN R e b Struggle against the systematic uncertainties
Source Electron+jet Muon+jet Strugqle against the systematic uncertainties afgh; ~ Blpeiromgges @0 MubEsgeb 2 ; 1o . .
07 07 : Obs.  Exp. Eff. Obs. Exp. Eff. - The uncertainties on the signal efficiency are associated with the re-
: i . The systematic uncertainties on the background TeV % % QUIrSIngRtz-all A1 40, A1- llih ISDIgHON. 158 Wenal@ I[iloaccouiiting
ES T e B S T +2 +30 . _ uncertainties on the detector simulation, background and luminosity. The
Lepton reconst u.(tl(‘)n‘ —1 —7 aroeYqiusled 4= aqupetof-of vl : 1.0 1200 1210F333 57 +£4 620 550 4280 38 =4 | combined uncertainty on the signal efficiency from these sources occu-
scale and resolution iie.’;he:fy s;%n;astlci:mt:ﬁg ta,l\’;ll;ﬁ:ecag:;: bé:::farttg:'z: 15 100 110440 5744 49 @ ~)+i6 36 4+ 4 pied ranges: from 3.5% at 1 TeV up to 3.9% at 6 TeV for the electron chan-
2 ? \ : % RS or ; = nel and from 3.6% at 1TeV to 5.6% at 6 TeV for the muon channel.
Jet reconstruction. —_hi)%, —_F-; SHERPA and ALPGEN. 2.0 12 19743 56+4 8 14Ti] 36+4 . The cumulative 0efficiency in Tabole Il is taken from the signal MC simula-
scale and resolution . The systematic uncertainties from the simulation 2.5 O 3. 3+4 g HH+4 3 Bt 34 4+ 4 tion for QBHs with charge of +4/3. The differences in efficiency between
| of the detector response are associated with the jet & & : 18 & _ i the +4/3 charge state and other charged states are substantially smaller,
” : 197 3.0 0 1.8 54 4 4 1 21129 3444 PR
Multijet modeling hE =1 - and electron energy scales and resolutions, and e " = A 31 than the above uncertainties.
) i +‘3") 10 0 also the muon momentum scale and resolution, and 3.5 0 1. 1()+8 g,, 54 4 0 10" L6 0 5 . The observed numbers of events and expected backgrounds in Table I
Fit +77 4130 . For the electron channel the combined uncer- 0 0 0. ()()+0 10 19 4 4 009 4+0 gq 29 + 5 any excess. Upper limits on ZcqqxBFqq for the production of QBHs >Mt,
. L ~ =] AaIGET i e B RO A BraAIEtion. ratitee Goh L ; +8 83 Y : ro )J)l ~ : are determlneq in t.he_ m?erval 1-6 TeV. Used CLs method is designed to
Total 1100 1170 16% at 1 TeV up to 100% at 6 TeV. 6.0 0 0.03" g3 5244 0018 s 32:+86 g;ve gorsert\igatlve IlmtltsOI in (I:ases, where the observed background fluctu-
< _ &0 —100 _ , ates below the expected values.
. For the muon channel the combined uncertaln(t)y . The statistical combination of the channels uses a likelihood function
on the backgroun:l prediction ranges and from 50% QABLE II.'Numbers of expected background (Exp.) and ob-\ constructed as the product of terms of the Poisson probability, which are
& _ _ N ) | at1TeVupto 170% at 6 TeV. served (Obs.) events along with the cumulative signal efficien- describing the total number of events observed in each channel.
TABLE |. Breakdown of relative systematic uncertainties on the Stan- . Background systematic uncertainties for My = 5 cies (Eff) w.ith uncertainties including the statistical and svs- || - 1he.systematic uncertainties are included as noise parameters into the
dard Model background for the threshold mass M=5 TeV. The uncer- TeV are given in Table I (at the left). e asimA Vg ey Ng L : ); likelihood through their effect on the average of the Poisson function.
tainties are added in quadrature to obtain the total uncertainty. ématic components for various iii. NUMbET Of eVents dre Inte-- |\ - ppq 150 they are included by convolution with the Gaussian distribu-
& e grated above min, corresponds to the preset M. 9 tions.
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