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1. Introduction

Why LHC®uantum Black Holes (QBHasie predicted in lowscale quantum
gravity theories that offer solutions to the mass hierarchy problem of the
Standard Model (SM) by lowering the scale of quantum gravitygjiffom the
Planck scale (~20Te\) to ~1TeV That is why a search region for invariant mas
of QBH was checked nearlD TeV Here M, is a multidimensional mass of QBH.

Features QBHs with masses near Mave to conserve total angular momentum,
color and electric chargel'he most important: a behavior of QBHs differs from
semiclassical black holes, which decay via Hawking radiation to a large numbe
objects (at the left).

Signature Thev . | deéaymode is assumedwith 1 lepton (electron or muon)
and 1 jet in final state. This mode has the best branching and Signal to
Backgroundratio.

ThelLargeExtraSpatialDimensionModel with n.compactextra dimensionswith a

gravitational radius R was suggestedby ArkaniHamed Dimopoulos and Dvali
(ADD)[1-3].

[1] N.ArkaniHamed S.Dimopoulos and G. RDvali, PhysLett. B 429, 263 (1998),
arXiv:hepph/9803315.

[2] I. Antoniadis, NArkantHamed S.Dimopoulos and G. RDvali, Phys.Lett. B 436, 257
(1998),arXiv:hepph/9804398.

[3] N.ArkanrHamed S.Dimopoulos and G. RDvali, Phys. Rev. D 59, 086004 (1999),

arXiv:hepph/9807344.
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The Large Extra Spatial Dimension Model

with-n‘compact extra dimensions
The multdimensional Planck scale is assumed to be equal to the
electroweak scald,a .\ for removing the hierarchy problem. Where
electroweak scale M- «~1 Te\and the true Planck scale is eduat10°
TeV. The true Planck Sddlgis related to muldimensional madsl, as:

2 2+npn
U Wheren d numberof extradimensionsExtraspatialdimensionsarelarge,
l.e. theradiusR couldbefrom~1 >m up to 1 mm Thanthe gravitybecomes
strong,andquantuneffectsareimportant
u Accordingto the ADDscenarioit is expectedthat the microscopicblack
holes should form, whencollisions energywill exceeda certainthreshold
mass M. It can be above My, but far below M. There are two
phenomenologyf blackholesproductionwhichmarkedlydistinguished
U Semiclassicalcase If the blackhole was producedfar abovelM,, thenit
candecayinto largequantityof objectsviathe Hawkingadiation
U Caseof QuantumBlack Hole QBHcould form nearthresholdM,,. Then
QBHcan decayinto the two-bodyfinal states Theproductionof QBHclose

to M, dictates a possible quasiresonantfinal state with an observable
excesdor acertaininvariantmass
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2. Shortly about ADBnodel
ﬁ)out branching fractio}\

5

U Thelargestcross section of
QBH productionfor final state
with leptonand jet dependson
Initial state

U For initial two u-guarks and
objects with electric charge of
+4/3 the branching fraction
BF=11%

U For__initial.udiquarks and
objectswith chargeof +1/3 the
branchingractionBF=5.7%.

U For initial - dd-quarks and
objectswith chargeof 12/3 the
branchingractionBF=56.7%

U Processeswith initial states
of antrquarksand heaviersea
quarks are suppressedby a

factorof ~100
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3. Events selection for BeV ¥

1) Two-body channel: in eventsarerequiredo haveexactlyl electron(muor).

2) Electron candidates are identifiedas localizeddepositionsof energyin the EM
calorimetewith p>130GeVand|h|<2.47, excludinghe barrelendcapransitionregion,
1.3<h|<L52 andmatchedo atrackreconstructedn thetrackingdetectors

3) Isolated electrons are selectedby requiringthe transverseenergydepositedin a
cone of radius DR=QD BH?+DU)?=0.3 centeredon the electroncluster, excludingthe
energyof theelectronclusteritself,to belessthan(0.005% p-3.5) GeVaftercorrections
for energydueto pileupandenergyleakagdromtheelectronclusterintothecone

4) Muon candidates arerequiredto be detectedin at leastthreelayersof the muon
spectrometeandto havep,>130GeVand|h|<2.4.

5) Isolated muons arerequiredSp,;<0.09p-, whereSp-is the sumof the p;of the other
tracksin a coneof radiusDR=0.3 aroundthe directionof themuon

6) Jets areconstructedromthreedimensionahoisesuppresseclustersof calorimeter
cells usingthe antikt algorithmwith a radiusparameteof 0.4. All jets arerequiredto
have p>50 GeVand |h|<2.5. In addition,the most energeticjet is requiredto have
pP>130GeV

The experimental efficiency falls fi&i69)%o 81(50)%or masses QBH
from1 TeVto 6 TeVin the electromiuor) channal
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Dominant backarounds' Eventswith a high p; of lepton and 1 or more jets can
obtained from arise from electroweak processes They include a vector-
: . boson production with additional jets and dibosons (WW,

Monte Carlo simulationiyz, zz) strongprocessesnclude top-quark pairs (ttbar), a
single top-quark and multijets (QCD)production. Lastcan

1) W+jets be include non-prompt leptons of semileptonic hadron
2) Z+jets decaysandjets, which were misidentiedasleptons.

3) leoso_ns\/\AN, WZ, ZZ% The electroweak background in Signal Region was
4) ttbarpailrs; estimatedusingMonte Carlosamples,normalizedto datain
5) Single toguarks; Control Regions Simulationwas basedon GEANZ and with
6) Multijets(QCD). the correspondingmodel of the ATLASIetector geometry,.

7 Additional inelastic proton-proton's interactions, termed
pileup, were included into the event simulation thus, in
order to accordwith the data distribution over number of
interactions per bunch crossing Average number of
interactionsper bunchcrossingwvasabout 21.

ner-»
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5.3. Results of search for QBH@& = 8TeV i
S
%mﬁ ———r Emﬁ —
2 ATLAS e Data 2012 = \0F ATLAS e Data 2012
S 10 Vs =8TeV W W+ets = Vs=8TeV W W+ets
= e+jet Z+jets >~ 10t u+jet Zjets
= 104 1 W top quark = _ -1 W top quark
; f Ldt=2031" = o0 e g _f““ 20310 o Diboson
L 1[]3 W Multijet w M Multijet
--OBH (4 TeV) 102 ---QBH (4 TeV)
102 ==0BH (5 TeV) ==0BH (5 TeV)
A 10 o T
10 ! 1 o e
A A i
1 Bt L 107 i T T
EE '|I Y . -
R 1 - 2 L AT
2x10" 1 2 3 4 56 2x107 1 2 3 456789
Invariant Mass (e jet) [TeV] Invariant Mass (u.jet) [TeV]

(a e + jet channel A (o m _+ jet channel A
Distributions over the Invariant Mass of the Distributionsoverthe InvariantMlassof the muon
electronand highestp; for data (this are points and highestp; jet for data (this are points with
with errorbars)andfor SMbackgroundgtheyare error bars) and for SM backgrounds(they are

ksolid histograms) ) Golid histograms) >,

[4] The ATLASCollaboration, Searchfor Quantum Black Hole Production in HighlInvariant-Mass
Lepton+JefFinalStatesUsingpp Collisionsat 8s = 8 TeVand the ATLADetector, PhysRevLett. 112

(2014 091804(201403-05), DOt 10.1103PhysRevLett112091804CERNPHER2013193
e-Print; arXiv.13112006/2 [hep-ex].
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5.2. Results of search for QBHG@t = 8TeV ‘%?

=z 1P 7T T =
= = 95% CL upper limit ATLAS =
s F -~ Expectec [Ldt=203 ]
% = Expected+ 1o = _
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—— (QBH prediction
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AThe combined 93% CL upper
limits on S §,3 BF,, for QBHs
decayingto a leptonandjet, as a
functionof M,,, assumingV,=M,,
andn=6 of ADDextradimensions

AThelowerlimit on M, is 5.3 TeV
In otherwords M,;, ¢ 5.3 TeVwas

Q)«:IudedaytheQBHsearches/

[4] The ATLASCollaboration, Searchfor Quantum Black Hole Production in HighlInvariant-Mass
Lepton+JefFinal StatesUsingpp Collisionsat Os = 8TeVand the ATLA®etector, PhysRevLett. 112
(2014 091804(2014-03-05), DOt 10.1103PhysRevLett112091804CERNPHER2013193

e-Print: arXiv.13112006v2 [hep-eX].
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LHCP2015 Poster Session , 1 September 2015

Search for Quantum Black Holes

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

Introduction

Data were collected for 20.3 o' @ 8 TeV.

+ Why LHE? Quantum Biack Holes (QBH) are predicted in low-scale quantum gravity theo-
tles that offe solutions to the mass hierarchy problem of the Standard Wodel (SH) by lower-
Ing the scsle of quantum gravity (Mo} from the Planck scale (~101¢ TeV) to ~{ TeV. That is why
a seatch region for invariant masses of QBH was checked near 110 TeV. Here Mo is a mult-

dimensional mass of

Festures QBH wit
WG sias Tix
holes,

QBH.

- Signature. The QBH's decay mode is assumed with  lepton (electron or muon) and a jet in
finalstate. This mode has the best branching and Signal to Background ratio,

th masses near Mo have 1o conserve total angutar momentum, oolor and
mnam»:omwﬁmmmw

[4] The ATLASCollaborationSearchfor QuantumBlack
Hole Productionin HighlnvariantMass Lepton+Jet

poaands

s

1 Astoniads, K ATk Haoed, 8. isependen,and

~The Large Extra Spatial Dimension Modol with b compact extra dimensions with a gravita-
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FinalStatesUsingpp Collisionsat &s = 8TeVandthe e

Event selection

Shortly about ADD-model

The Large Extra Spatial Dimension Model with n compact extra dimensions
imensionsl Planck scale is assumed fo be equal to the electroweak scale Mo=
lectrowaak

mutti
'le-c for removing the hierarchy problem. Where the el scale is Mewx~1 TeV and.
the trus Planck scale is squal Mor10' TeV. Than the gravity becomes strong, and quantum

M.~M,"R

‘Lo: the radii

from =1 um upto { mm.
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About branching fractions

The iee st owho cf B
producton for i sate with lep-
{on and ot depende on el s,

« For initaf two u-quarks sad ob-
jects with electic charge of +473 the
branching fraction BF=11%.

- For inital ud-ausrks snd objscts
with chargs of +103 the branching
fraction BF=5.7%.

« For inital dd-qusrks and objscts
with charge of 20 the branching

sw uz.ncv oo, Hmblldrhohw-uodunﬂhmm-hold Mo, then it can

Caoof Dsmwmsixk Hole, QB could form near threshold Me. Later it can decay info
| the two-body fin production of GBH close to Medictates a possible quasi- |

resonant acertain

1 electron (muon,

3
2) Elsctron candidates are identified as localized depositions of energy in the EM calorimeter with | W:1%
pv.-INGnV and [n]<2.47, excluding the barrel-andcap transition rogion, 1.37<|n}<1 52, and matched |

ATLAS Detector, PhysRevLett 112 (2014 091804 | ..
(20140305, DO{i 101102PhysRevLeft12091804

..

ructed in the tracking detectors.

3) lsolated sloctrons are selectsd by requiring the transverse energy deposited in 2 cone of radius |

or, excluding gy

el o befess than (0.0055p1,+35) GeV afer
age from the slecton cluster ino the cone.

CERNPHEPR2013193 e-Print arXivl311200&2

and 16 have pr>130 GeV and fnj<24

4 Myon candidates are roguired 10 be detected in at least three layers of the muon spectrometer |

9 Slansl muons ar rquired o beIsolsed such, hat <0 05 where Zpris he sumofthepr |
AR=0.

‘of tha other

[hepex]

mﬁlm algorithm with a radius parameter of 0.4,
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Resul(i of the sealchmg for QBH in RUN-I (8 TeV ) at the Al LAS (0)]

s ko sty 502 o o
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- Processes with Infal stalss of
st-quarks and hesvier sesqusrhs
a8 suppressed by

ses. They include a veetor-boson production

g processes
non-prompt lep-

Detector Backgrounds for Quantum Black Holes
Dominant backgrounds
o / obtained from . Events with 3 high pr oflepton and 1 or more jets can arise from
T Monte Carlo simulation. electroweak

% with additional jets and dibosons (WW, WZ, 22). Stron
1) Waiats, Ieclute fopqunk pu b, 4 singl op: o1 ) and
2 Zelets, multijets (QCD) production. Last can be Include
3) Dibosons. WW, WZ,ZZ.  tons of semileptonic hadron decays and jets, which were misiden-
4 ttbar poies; tied a5 leptons.
%) Single top quarks;
6) Multijets (QCD)

. The electroweak background in Signal Region was estimated us-
ing Monte Carlo samples, nomallzed o data (n Control Reglons.
Simulation was based on GEANTA and with the corresponding
model of the ATLAS detector geometry.

. Additional inelastic proton-profon's interactions, termed pileup,
simutation

thus, in order to eccord

with the data distribution over number of interactions per bunch
crossing. Average numbe of inferactions per bunch ciossing was
about 21,

Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS {2)

> 10° T 10* ™3 > 10°
° @ ATLAS " 95% CL upper imit \ ATLAS " The combined 95% CL| aTLAS « Data 2012
S \s=8TeV WViepts W Expectod I Ldt=2031fb"  upper limits on| S - Wets
S esjet Zojets El B Expoctod £ 10 oy By for QBHs do-| et Zejets
5 _l‘Lm—zo:sm'-moQm 1 Expected 20 \s=8TeV caying to 3 leptontet, 35 | £ ILd' 203! Mopaak
H = bozon 3 10 ot Bh i ] | inclionof Wi sssum:| © Doson
i W Muitget o] prakiion 119 Mosha snd nes of | D 1 Mottt
--aeH (e Tev) § ADD xtra dimensions. --QBH (4 TeV)
~-GBH (5 ToV) “® above line with
3 | | points is excluded, The
1L _ |limits take into_sccount
1 3 and systematic
E 3 | uncertainties. The upper
-! 1 timit s Me = 53 TeV.
+ Masses M <53 TeV were
H excluded in result,
Z Karpova,S. Karpov,the ATLAS Collaboration I D e e : MRS
d y ’ ’ Invariant Mass (e ef) [TeV] W, frev] Invariant Mass (1 et) (TeV]
‘Some total comments for left and right panels <fat chand

+Jot channel )

Distribution of the lavariant Mass of the lepton and |

highest-pr jet in the electrontjet channel for data |
(this are points with error bars) and for S back-

grounds (they are solld histograms). ;

Searchfor QuantunBlackHolesin leptonand jet final
stateusing pp collisionsat Gs = 8 TeVwith the ATLAS,
ATL-PHYSSLIDE2015613 1 Septembe2015
https//cdscernch/record2049859

Source Electron-+jet
Lepton reconstruction
scale aud resolution

Jet reconstruction,
scale and resolution
Multijet modeling
PDF

Fit

Total

Tmmwmmmwm-npﬂmm help of curves of the biue and red colors. Biua line - it is a simulation of QBH with the invariant
1S TeV.

TeV. Red line

which is equal

.Tegﬂm-uppullmnbrﬂn

ple size uncer-

Resull: nf the searching fm QBII in RUN-I (8 1e\’) at the AT LAQ (3)

SILMMO ag(ns( the sEm»uk uncertainties

ystomatic uncertainties on the background
nwi\umnﬂum of M.

Moot

. The systematic uncetainties caused by uncertain-
ties of PDFs in the Monte Carlo generstors:
SHERPA and ALPGEN.

The systematic uncertainties from the simulation
‘of the detactor response are associated with the jet

also the muon momentum scale and resolution, and
also with the trigger requirement

£100
69

on the background prediction ranges
16% at 1 ToV up to 100% at 6 TeV.
- For the muon channel the combined uncertainty
on the background prediction ranges and from 50%

at 1 TeV up (o 170% ot 6 TeV.

dard Model background for the threshold mass My=5

TeV. The uncer- TeVare ‘given in Table | (at the left).

‘ TABLE |

Physics & Computing Russian Institutes meeting,
22-23 September 2015, Dubna

Zoya Karpova & Sergey

rpov (Joint Inst. for Nuclear Resea

and electron energy scales and resolutions, and |

 For the. alectron channl the combined uncer- |
flom |

‘ yround systematic uncertainties for ey = 5 |

Distribution of the nvariant Mass of the the lepton snd

Hhes o e i 1t et s O
with error bars) and

{ihes v sol histogesm)

Results of the searching for QBH in RUN-I (8 TeV) at the ATLAS (4)

‘Struggle against the systematic uncertaintios

Ol The uncertinkies on the signsl effcitncy sre sswocialed with the re-
TeV ) A Joolal L
The |
| 10 1200 1210 the signel efciency
176V up o 3. TeV for

110 4+

.1

e

of events and expected bock

ste i sgreement ot wibin e o uncertsiny. Thers is no evi

‘any axcess, Upper mits on Yy, <BF e for the production
1

be cumuatiy
on for GBHs wilh charge of +43. The diflerences in efficiency between |

rounds in Table I
idence for

QBHs M |
Tov. Used CL o |

‘stes belon the expected valuss.

uses a Wkalihood function

Lof terms of th

TABLE |l Numbers of expected background (Exp) and ob-
lative sign

served (Obs.) events along with the cumul

cies (E11), with uncartaintes including the statstical and sys-
| vatious M.
| umn above M., corfesponds o the preset s

Dubna) on behalf of the ATLAS Collaboration

Bkalihood through ther effect on the sverage of the Polsson funclicn. |
And siso thay are Inchuded by convoution with the Gaussian distribu-
toas.
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6. Search for QBH ds=13TeV

JINR

6.1. Generalities

Intentions:

Search for QBH in 1l+1j channel by analysis of first data atd\3(with 50 ns

bunch spacing only, ~100 ply with the same strategyconditions, cuts, CR and SR
as in analysis of 2012 data atT&V Now we do not purpose to make optimization
of cuts, new definition of CR and SR or new sensitivity calculation.

Goal:the same analysis with new datd support noteA conf note.

Team:

Sergey KarpoYJINR, Russi@)development of code, analysis of data;
ZoyaKarpova(JINR, Russi@)analysis of data, preparation of material for support
and conf notes;

DouglasGingrich University of Alberta, Canada) generation and validation of
sighal samples, results interpretation.

Physics & Computing Russian Institutes meeting, 22-23 September 2015, Dubna 9
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Root Core AnalysisBase3.22, SUSY Toel)-06-20
One's own code of analysisQBHLepOneJgiackage based on
GRootCoreEventLoopa 1 S f &nd 8WS¥ ToolsTester

Baseline object selection, overlap removal, calibrations, resolutions etc. are use
by default as inSUSY TooldResults represented below were obtained without pile
up reweighting, trigger matching, scale factors for signal lepton aystematics
But now these are in code and next time results will be with that.

Data: C2C5 periods; Range of runs: 27080@71744;

LY GS3INF SR f dAdceb@linghoiGpod[Runs Lisy. ¢ LJo
datal5 13TeV.periodAllYear DetStaudsl-prol9 DQDefect®0-01-02
PHYS StandardGRL_All._ Good.xml

EXOT9 derivation (tag: p2375) by trigger selecti@dt.T _mu26 imedium ||
HLT mu50 || HLT mu60 msonly OetalO5 || HLT e28 tight iloose ||
HLT e60 medium || HLT g140 loose || HLT xel00 || HLT g60 loose xe60)

MC backgroundW+jets(We A eA, > )\ Z+jets(ZA ee, > 3, ttbar (non all
hadronic), DEBoson (WW, WA 1nqq). Still there are not:Single top, multijets
10



#=  6.3. Distributions of signal leptons over Q%

Events / 20 GeV

transverse momentum (very preliminary)

Monte-Carlo samples were normalized to integrated luminosity of data with use
of corresponding crossections. A fit or any additional+actors were not used.

Electron channel after selection of Muon channel after selection of
S|gnal Iepton and JetpéT>BOGe\b signal lepton and jetgT>30GeV)
i | | | ® Dat > EFrr T T T T T T T T T T T T [T e para
» ;_. |E| EIePt noSyst | _:,)vj‘ﬂnuﬂ 2 10° - | Mu_MuoPt_noSyst | _:,)\,jf,,nu,,j
S Work in progress —Zlb ’“*’I s F Work in progress —Zlb ’”*'I
| —— ttbar->lv+j 5 - — it ar>v+j —
i 13TeNE [ FMY Gowodksd0| 3 I 13TeNE [ F" |V Guwrbd

—
<
=

-
o
o

© TTTT T TTTTI T T TTTT] T TTTTI

—_
o
™

o TTTT T T TTTT] T TTTTII T

-
o
p T |

—_
—

IIIIII| 1 IIIIIII| 1 IIIIIIII 11111
—
o

IIIIII| 1 IIIIIII| 1 IIIIIII| 1 1111

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Lepton Transverse Momentum [GeV] Lepton Transverse Momentum [GeV]

Too much electrons are remained Good enough agreement is observed up to
after selection in the data in ~500GeV Some number omuonshave too
comparison with MonteCarlo. highpT.A IsHighPtMuorf) need to apply.i1
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6.4. Distributions of leading jets over %
transverse momentum (very preliminary)

ner-»

Electron channel after selection of Muon channel after selection of
S|gnal lepton and jetgT>30Ge\) S|gnal Iepton and jetgT>30GeV)
% 4 L B " - ' ® Data % I I I - i ' ® Data
210 = |EI JetPt noSyst | — Wislnus gw“; |Mu JetPt noSyst | B
2 [ Work in progress —Z’b ’“*‘I 2 [ Work in progress —Z":”*"I
= 3 — tt ar>v+j & — ttbar->Iv+j _ _
& 10 ; 13Te\ [ v y WWZleqq T 103§ 13 Te\& [ Fu y va,wz-lsjlb]qq
10° 5 ! = 102 ; —;
10 ; q-l| ' s g _; 10 i _:
: . 0 L A
0 I I200I I I4OOI I I600 B 800 1000 1200 1400 0 I I200I I l4OOI I 600 IBOEJI I I1000I I I1200I I I14OOI
Jet Transverse Momentum [GeV] Jet Transverse Momentum [GeV]

Behavior of distributions of leading jets is similar enough to
leptons distributions which were shown at the previous slide.



6.5. Distributions of leptorjet pairs over é%
Invariant mass (very preliminary) :

Monte-Carlo samples were normalized to integrated luminosity of data with use
of corresponding crossections. A fit or any additional-actors were not used.

Electron channel after selection of Muon channel after selection of
hard Iepton and jet pT>1OOGe\b hard Iepton and jet pT>1OOGe\/)
> 100 = ® Data 2 FE° ® Data
§10 = | HardEIeJetMlnv noSyst | _:,)vjt,,nuﬂ g r | HardMquetMlnv noSyst | _\l,)v,;nuﬂ
ST — Zj>l St — Zj>l
s T ) —— ttbar->Iv+j = 102 = _ —— ttbar->Iv+
102 - Work in progress Wwwzoivgg | @ F Work in progress WWWZ->vaq
i Fvw yc LJO3 - 13Tes [ f£M yc LJ67
: > SR : i * i
- i > VR <= SR
10 0ET E
; W |or T W .
- Blinding B > Blinding
TE — 1} =
0_ 500 1000 1500 '20|00' - '25|00I - I3(_30C o 5<I)o' - 1o|oo' 1500 '20[00' — és|oo' — '3(-300

Hard Lepton-Jet Invariant Mass [GeV] Hard Lepton-Jet Invariant Mass [GeV]

Behavior of data distributions after selection of hard both lepton and leading jet
somewhat deviate from background distributions. Difference is in both absolute
value and slope of dependences. It may be consequence of unusiedtiors

and a fit. Signal region is blinded now as required by Publication Committee13



6.6. Generation of signal samples at I8V @
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V 10+10 Signal sampleswith
threshold mass M = 5.069.5
TeV and with 0.5 TeV step
were generated Accordingto
the ADD model with large
extra dimensions n=6 for
e+jet and mtjet final statesof
QBHdecay

V20000 events per sample
hasbeenresult of that.

V Distributions of invariant
mass at My, = 5 TeV in
electron+jet channelyou can
seein upperpanels

V Delta phi between lepton
and jet momentum is shown
in bottom panels You can
see asymmetric distribution.
It contrast with symmetric
distribution of background
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Conclusions ¥

ner-pe

Start of searchfor QBH in llepton+ljet
final state at 13 TeV was at the end of
June,2015

Status of analysisof 50-ns early data on
searchfor QBHwas represented on two
meetings of Exotic L+X sub-group. Now
work is continued.

. Posterwith searchingfor QBHat Gs=8 TeV
was represented on the LHCRO15
conferenceon 1 September2015

. Draft of SupportingNote is preparing now:
G { S fdduéantum BlackHolesusingpp
collisionsat Gs=13 TeVwith the ATLASTirst
viewonearlyR I (I ¢

. Draft of the ATLASConferenceNote on this
topic is alsoin progress

ATT.AS NOTE @\
ATL-COM-PHYS-2015-XXX )

18th September 2015 -

Nepr=m»

Drraft verzion 0.0

Search for Quantum Black Holes using pp collisions
at Vs=13 TeV with the ATLAS, first viewon early data
EXOT-2015-X
Yersion: 0.0

Supporting internal notes
Quantum black hole https://eds.cern ch/record 3OO0 files ' ATL-
COM-PHYS-2015-XXX pdf

Comments are due by: X Xth September 2015

Z. M. Karpova:, 5. N. KarpovZ and D. M. Gingrich®.
TINR. “University of Alberta

Abstract

The searches m the dataset of LHC Fam-II m fmal states weith leptons and
jets are sensitive to the TeV electrowezk scale of quantum black heles (QBH)
provided that fundamental multidimensional mass (Mz) iz less or equal to 10 TgV.
Large extra dimensions are equal & i the ADD moedel In the low gravity scale
Planck mazz iz preater than Mp (then Mp will be lezs or aqual 10 TeV). According
to the Fam-I datz the upper limit constrams the threshold quantum black-hele mass
to be zbove 3.3 Te¥ m the model considered. The discovery reach m the Bun-IT at
the LHC iz expected to be possible, due to the large merease of the pp-collisions
ensrgy i the centre-pf-mass from 3 Te¥ oto 13 Te¥, Expected distributions for
signal amd background are represemted for the several values of mtegrated
luminesity (1—10 f&%).

Document creatsd on 1Bth Septamber 2015 from fils Paper2015.tex
Covar paga autematically crasted with atlasoovar sty
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6.5. Control, signal and validation regions /'
Control region (CR)is a low Invariant massregion that is defined for masses
between 400 GeVand 900 GeV and hasa negligible contamination of a potential
signal (< 2% for the lowest threshold mass M,,. For analysisat the collisions
energyof 13 TeVthe sameControlregionwastaken asat 8 TeV

Signalregion (SR) Lesserinvariant massM, , is used when defining the Signal
region in comparisonwith 8 TeVanalysis,becauselow statistic in early data. In
both electron and muon channelsthe SRis defined so ¢ it is two times larger,
than the right border for Controlregion. It beginsfrom 1800GeVand s following
into the region of highmasses

Validation region (VR)lies between Control region and Signalregion. For both
electron and muon channelsit is diapasonof invariant massesrom 900 GeVup
to 1800GeV
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To do: k‘%

Improvement of analysis code (adaptation to lateSiJSY Too]s
addition of HistFittertrees production, etc.).

. Selection of events and production dfTreesncluding all
backgrounds anagystematicdor analysis withHistFitter.

. Addition of residuary sources of backgroundsingle top,
certaindi-bosons decays, muHljets.

Fit of MC background in control region witHistFitter.
Obtaining of events number in validation and signal regions.
Plots of comparison of data with background and MC signal.

Preparation of a support note and conference note.
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