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Motivation

» Goal: Testing predictions of Asymptotically Safe Gravity
(ASG)
» Problem: gravity in 4 dimensions is weak = hard to measure
» Chance: gravity in (large) extra dimensions
> might be accessible at the LHC
> ASG program works for more than 4 dimensions
> existing implementations for (large) extra dimensions

> Injecting ASG into existing implementations for large extra
dimensions
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(Large) Extra Dimensions
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» Gravity weak: hard to measure
» Mpianck > all other scales = hierachy problem

» compactified extra dimensions?

V o~ mmy 1 N V o~ mimy 1
ME=2 rd=3  d>arsr Mp - R)42r
Planck ’ ( D )
MPIanck

» Kaluza-Klein decomposition: Graviton mass spectrum
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Graviton Interactions

1
£Grav,int = _M_D G;(uli) ™
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ET,miss + i
ET,missJr jet
ET,miss 2

inv. mass + angular dist. in

Drell-Yan
Diphotons
Dijets

more transverse events
production treshold

particle multiplicity

CHARYBDIS
BlackMax
TRUENOIR
CATFISH
QBH3.0
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Injecting Asymptotic Safety

Several papers: e.g. [arxiv:1002.0260; arxiv:0912.2653;
arxiv:1101.5548; arxiv:0707.3983]

Implementation: HET department: Maximilian Demmel, Jan
Philipp Dabruck, Henning Sedello, Magdalena
Zenglein
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d Iﬂ
Newtons Running Coupling — d”'“AS _ 99miep | 71

Cdt

transistion scale from classical to fixed point regime

T T T

=Z""(n)

classical
quenched
linear
quadratic

approx by Gerwick, Litim, Plehn
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Monojet Mass Spectra

Pythia v8.153 Ns=7TeV, Mp=15TeV, Ay=1TeV

T

effective ——
quenched ——

linear
quadratic

[Dabruck]
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Et misstjet CMS

Vs =13TeV
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ET misstjet CMS

2017: 7TeV; 2014: 7TeV; 2017: 13TeV

M./TeV
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Kaluza-Klein Sums  ________

» Kaluza-Klein-Sum S (s) and Tensorial Part Factorization

TP Tap] _ v
S|, S e T
z T

NO)

» Small mass splitting Am ~ & : § — AS-dressed integral

5_1 00 m" IZ 1 3 3
S(s)—>Mn'H2/o de—mZ—i-ie’ Z71 =77 (u(s,m), A7)
D
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Invariant Dimuon Distribution
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[Sedello]
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00-CMS, 13 TeV, 36fb 1, A = 6.9 TeV
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yv-Atlas, 13 TeV, 36.7fb™ !, Ay = 7.2 TeV
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yv-Atlas, 13 TeV, 36.7fb™ !, Ay = 7.2 TeV
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Comparison of total cross section LED+SM

In| < 2.5, NNPDF2.3

Drell-Yan Diphoton Dijet
Minv,min/ TEV Ttot/Mb
1 5.1x107° 3.7x107° 1.0x107*
3 25x107° 1.9x107° 6.5 x 1077
5 4.7 x 1071 3.9x 1071 1.2x 1077
7 4.8 x 1071 42 x 1071 1.1x 1078
9 2.7 x 10712 2.5 x 10712 2.7 x10710
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Angular Distribution of AS-Dijets

8000 in lin- approx1mat10n
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CLs heatmaps for CMS-Dijets

for n = 8 in lin-approximation (psu = 0.465. dofsy = 20)

0.95

1314151617181920

work in progress:
> fine grid for border region
> fit border region
» calc bounds for different approximatoins
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AS Drell-Yan Graviton Analysis from CMS Data

36.3fb" (13 TeV) 36.3 fb" (13 TeV)
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Bounds!
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Private Work Private Work

L lower limits
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Black Holes

Schwarzschild radius in d dimensions — geometric cross section

()" s (o8
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AS Black Holes with Charge, Color, and Spin

Quantum Black holes in (L)ED with charge, color, spin,
Greybodyfactor corrections, different Mp -conventions

Based on Pythia — PDF, hadronization, etc

[arxiv:0707.4644]:

—1

s (5) = et (5 )2 (1)
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AS Black Holes with Charge, Color, and Spin

Quantum Black holes in (L)ED with charge, color, spin,
Greybodyfactor corrections, different Mp -conventions

Based on Pythia — PDF, hadronization, etc

[arxiv:1002.0260]

TAS (\/§) = oLepf (V'S — Mmin) - Z (
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Minimal Black Hole Mass - Work in Progress

n—

100 125 150 175 20.0
Mp

md

2 *

Myin = ~35 (5)
AT
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QBH Dijets:x = exp (|y1 — y2|), n =16

35.9 b (13 TeV)
—4— Data
NLO QCD + EW
) =14 Tev
. (CN) =14 Tev

=10TeV

At = 6TeV, Mp = 4 TeV
48TeV < m; < 5.4TeV

2
15

Data
NLO QCD + EW

[arxiv:1803.08030]
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QBH Dijets:xy = exp(|y1 — y»|), n=106

A =6TeV,Mp =5TeV
3.6TeV < my < 4.2TeV
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Summary

\{

ASG could be probed at Colliders
P Real gravitons

» give strongest bounds for small number of extra dimensions
» cannot probe fixed point regime if transistion scale is to high

» Virutal gravitons

» bounds are stronger with increasing number of extra
dimensions
> allways sensitive to fixed point regime

» Quantum Black Holes

» Cannot probe full parameter space

Spring 2020: Dijet and QBH-Bounds

\4
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35.9 fb* (13 TeV)
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Virtual Graviton Dijets:y = exp (|y1 — y2|)
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[arxiv:1803.08030]
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35.9 b (13 TeV)
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Virtual Graviton Dijets:y = exp (|y1 — y2|)

At =6TeV,Mp =2TeV At =Mp =0TeV

30/31



technische universitat
dortmund

Bounds, Bounds, Bounds

CMS + ATLAS: search for LED — no significant excess
real Gravitons limits on Mp

virt Gravitons limits on Acytoff

Asymptotic Safety? Reinterpretation of bounds!

» recalculation of oy in search bin
» single scale — line in Mp — At plane
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Latest and strongest bounds on real Graviton emission

N Mp/TeV
Search

Tev ' n=2 n=3 n=4 n=5 n=6

G+j(CMS) 13 359 90 75 63 57 53

G+j(ATLAS) 13 361 77 62 55 51 48

G+~ (CMS) 13 359 285 286 288 2098
G+ (ATLAS) 13 32 23 25 26 27 28
G+~ (ATLAS) 13 32 19 19 18 18 18

G + Z (CMS) 13 35.9 277 231 235 240 247
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Latest and strongest bounds on virtual Graviton exchange

NG L K-Factor  Aesr

Search

Tev  fb? TeV
2¢ (ATLAS) 8 20 1 4.2
2¢ (ATLAS) 8 20 1 4.0
26 (CMS) 13 36 1.3 6.9
~v (ATLAS) 13 36.7 1.4 7.2
vy (CMS) 13 35.9 1 7.8

Jji (CMS) 13 359 1 10.1

33/31



technische universitat
dortmund

QBH: Bounds on Minimal Mass from CMS

Angular Distribution: 8.2 TeV
Mass Spectrum:

Mp /TeV n=2 n=3 n=4 n=5 n=6

2 5.9 6.1 6.2 6.2 6.3
3 5.7 5.8 6.0 6.0 6.0
4 5.4 5.7 5.8 5.9 5.9

) 5.2 55 5.6 5.7 5.8
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Dimensionless KK-Sum Minkowski

Pole moves
from IR to
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Dimensionless KK-Sum Euclidean
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00-CMS, 13 TeV, 36fb 1, A = 6.9 TeV
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