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to quantum gravity

D. Anselmi



1 (_opymkl;‘{g e Oov\snge,t,Cl\— ch&o\rj QVK EV\%\AW\ SY‘AWB/

\K/\'\AA« L\&S \/@ 2006( 0’/\&\/\0&5 o lo& ﬁg(«»’t one

A chion

SHD:_

u_e _ ;u/_l 2 _é 2
2’{2/\/ g[2A0+CR+a(RWR BR) 6R]

>0, x>0, ¢>0

NC\)(/ MD/\/\A\EQ{’\'Q\/\ :

6(6 \X/OD&A\*\OC gbg{s aCe Jerl/\ea{ l\V\Ao //
—&g%e FQY‘%\JQ/S (ﬂ_(‘gl(@oy\g/

A C,O\/\g({(@v\tvroja N Mows ws bo o(@aé‘vua
{’6% %\DACC oﬂ{: Ptﬂsc\csx Sake s

D. A, On the quantum field theory of the gravitational interactions,
J. High Energy Phys. 06 (2017) 086 and arXiv:1704.07728 [hep-th]



T‘/\,Q .‘af{e_a (e own alosion o]f a Wg/{-\)m K\ék
QW\e,‘rgeo( Jro\/\/\ “(ft\g. Fe/ig.orwvu\a)&\o\/\ o% (TQ\Q_,

L ce- Wi M models

T.D. Lee and G.C. Wick, Negative metric and the unitarity of the S-matrix, Nucl. Phys. B9 (1969) 209;
T.D. Lee and G.C. Wick, Finite theory of quantum electrodynamics, Phys. Rev. D 2 (1970) 1033

83 V\/omwa&k(% Wekl cotated £ wehidean
Wur\‘es

D. A. and M. Piva, A new formulation of Lee-Wick quantum field theory,
J. High Energy Phys. 06 (2017) 066 and arXiv:1703.04584 [hep-th]

D. A. and M. Piva, Perturbative unitarity of Lee-Wick quantum field theory,
Phys. Rev. D 96 (2017) 045009 and arXiv:1703.05563 [hep-th]



In(x®)

o L \ L L@QAW{M combo L
L | . . frescd‘;tﬂov\ &fw\
l;&’ o kel Tw Mﬁ@@mﬂ B@Lﬂn
LR

own ‘kﬁ\L \%r 9\/\(7183

/\

il

T.D. Lee and G.C. Wick, Negative metric and the unitarity of the S-matrix, Nucl. Phys. B9 (1969) 209;
T.D. Lee and G.C. Wick, Finite theory of quantum electrodynamics, Phys. Rev. D 2 (1970) 1033



The Lee- Wik modeds hve beon  scwronnded

li\j SK&rﬁo)sw\ (Lorgwty invorane € av\a\viab
e i Jeopaedy )

The LW PY@SWK‘PR\OV\ s aw\lzu)gu-ows\

Adde oot presea ons hawve been (Jrv,»oseé(/

0.4. R.E. Cutkosky, PV Landshoff, D.I. Olive, ].C. Polkinghorne, A non-analytic S matrix,
Nucl. Phys. B12 (1969) 281

buk did wdl rewove Ho w\w%m&\r\"e,s
OOMP\QJ@(J aod @LOL V\,GL_ Uneovev: \)(/I/\;jﬁ

\.S %ow\% o



The \X/\% rot shon l“LSch[ 1S L\A(H&j non broviad
(od et %bml b cllinately edps
mdergjﬁw&wg Wow bo wrred\ij &owm(&\aﬁ

4

Wo wodds o

3 (2D M7
BU\L\G\-Q ;>‘©_ dV j AK SO,(>5G‘D-H<):
(J_u)3

Pt L\K/ R>

— ;? {(g{;) | c
J‘:& P) (S :5 éva@af\/‘

'R:%
7 ‘< SR LiM +/(P TP EIMT




SL‘M&MQNCNH@S efg j[(?/ f):

/. 2
/ E%\o( 277 ///

o_ ¢ = > Y
pe® pelk A V777
S RaZE

Q /‘/_AQ_ . 2 — - =
=,/ K +iM 4+ J(pw)jPEIM y _
i F — i

Jascde \/ {’Q\me% (s NOT amﬁ\k‘o & NOT

\
| orenty invar :;MJ(




3
. k ;
BSQV\A [eo- WK . f — -{( )P>

O]

(%

(éﬂ)s

M \WOL)\eM S ]u/re, /

%) 3
dr S dw She) DG
LN Ok
Lw/ 1%Dj —»Jé&#or‘ma,a{ dowain en e /oo¢a

<CoMF| exn fied ) s‘a ace wmomenta

D. A., Fakeons and Lee-Wick models,
J. High Energy Phys. 02 (2018) 141 and arXiv:1801.00915 [hep-th]



EXWF\Q : Im[pl]]

b: Q, [\ IW\G’(y)

e}v AOW\ Ay

AN

S
7

T Rk

vav\\\\al"b ‘(\V\ e,\/e(r:j —D>-2

/'\’(J(?r K\x A Q‘-@Y‘méf\‘\bv\

& .
S(ZT;—? ”g (K)?>

D
2




My | 2

e 2 T M~ \dn | <
" Opteal oh .
> co ase
P ?2:<w14+ml> P Mt o <7) grgce

‘ \ \ Ve lQ&
/M “violates wwbar ’Vn . P l; J&,zﬂz gLV-OZ
«oQC >N MV\)P\/\\NB%«“@K P(\ocggg W\|=i{M M, = £\ il



NQ\X/ FOSJJQ\‘\\\B : wslead D{f @{,ofvg

.
[ @{0 Q< {/C'HO VA

\\ o calawlsfe nside
/ Ko deform 1o
' P/ / dom&“:%io ]23

Ami{j{?\‘c T and Lorenle varianee ore
Fecovex a’\’k&b end ocff o deﬂlormwov\./

b NO. insggiory part, no process (fabie’)



TL\@ re.j‘m[% S J(ea Qr\.{—L\W\@{\.C M@,V’;&@/ 4( ‘f&g,

two Am’él\ji\)c Comﬁﬂm&ﬁovxs

:M(%)A
( ,/\f‘f Reswlt: {4\/ - ‘(-f- +£-_
/\1’;47\%” i

AV[BA:}(S\C\J% g L«D‘F&A)tz’ Cavariamce arc

e coVe rQ,Q(. '



/'-l'\f. aow»‘!t@-x ’ro 1313(/“6 I'S QL\V&'AQOL

Ko @L‘gjocvdc \I‘Q&OOWS o% %%QO\)&)

LM(T, In

-

'ﬁ AV
%Mr”

=
<

(’f/“/ has o alggorlgkﬂ/c PMJV/ so o o(\(n‘cy[
omren holds



2 L.
4
o [
Phase =/
&Face, \4

I..
M =0
‘__j
Ve cm co
mS(QA
oA

?roj@f MY
>t
J/»‘v\a/{ S‘l‘é\“
<, 1

of( Squw
(r@re&l W
AR
sog 40 M ,Q
oM J(C:_
)JLZ)S«‘(/;[ %p
L



TL\Q, ‘deas <o be SW@raL\.Q—@J\ o o
LQe—\%/l“ok vae\sl Lj aleé'v\,{m@ S Nel (rea“”

7"/1 Wti;lﬂbw ]Dresorff&m"ot/u

D. A, On the quantum field theory of the gravitational interactions,
J. High Energy Phys. 06 (2017) 086 and arXiv:1704.07728 [hep-th]



Lot Hic ac N
> LW W\Oo(ee

+ a”{)"mz\\‘w RED,
o Ve “% Cov\*\\wkékifo Y

Siince o Q%Su(?ﬁ@m s

G+
4

veal y o s no GKDSOVPJY\\/Q, C—>

PérjT L, le no 'p&r’C\‘cQQ

m

(prmYres

¥ <> &

x <—r>“
X

[Nefk‘ e mel/\ CA‘FA,QV

value ( ]

CONSISTENT
PROJECTION



E)/:;mr\e -. masslecs  scalar 1
K

O — At

pHi<

We com cuce B ghosts <[

L »_ 1 §
SHD = —2’{2 / —( !2AC + CR + « (RMVRM — §R2) - ERQI

\03 %uww{vg Hom (ko %%@/MS




Grrawton mulh \()Qofr

gf“/ = 47/44/4—21([\

o oAvon
$ WW%\C

géwa MNA%MT
[y = —OZXCMX

X

E/ <O casale

v olated Ej 7/}4\/

D. A. and M. Piva, The ultraviolet behavior of quantum
gravity, ]. High Energy Phys. 05 (2018) 027 and
arxiv:1803.0777 [hep-th]

mw

@{Mp / vaz

W12 S Ve

%3%&% %

SeMar

MS+5N4 +42 N,

K W

D. A.and M. Piva, uantum gravity, fakeons and
microcausality, arxiv:1806.03605 [hep-th]

C -




P\U%@l predichions

o T[’\Q\"Q W‘Sts a’( [eég‘t Oone Féwwl/\ i V\&hu\e

o Tt s Spiw 2, WSS W~ 404"&6\/(?) ad.
V\eéak\‘\/c will FX«/ - ///lo'zogec

A
0 \BASJ\/ Y)(\e,g@,jﬁ & ere/ A \)(/eu >¢ CAMIe K "/%9—
\036 W\eav\l\%g 67% e/we/fg(es Ef Mo ,For Qv

Bun Ok KT o_f E\'W\e eﬁu&/{. to /]/l]\,)(l (iw Hq,
reét -FG‘QAMQ ow[ L Qs%eow>



Suvvxvv\gm‘g{ s,
J

D "FOOK SFQCB Qe

° H@rw'JC*éVL u SMMPGOMM Low/wiaai Qﬁfom bolow/
CB,(L{TQ/F Koo froje_c/}n\ou>

° rD@rﬁery%C\/e mwﬂ—gritj (OPHC/(;\ mo(rew\v )
37{:/\C:O

¢ P\@wo{‘w\é\A\Q&\a«\k(\%j | \Ocal&\%\j, u\/u\ﬁwcw_’/ss

e J_.OY“@AAJCQ— IIYL\/s/l“(aAACQ/ genefrﬂ CO/M(MAC e

° Cemsg\(tj / Lok MOT ML en O cémg’.%(;}]



e Aha\\%{mutn i\/\‘er. Em_()l\"@keéw Fe&Lo\A + AV€T%&&CDW\W&*YOW
_ FQS\‘DV\\W\\SQ_ Awablﬂ\c_fy

e The low- e/v\«e/r(ij \\W{T S Ok

® m \/\Agkuwﬁj L)ek\yvCor v\/\i&% Couhauin SAAWEW‘SM

s No as:]w_ﬁkokc %CQ&J&W ]

a' [\(O 'Pro}\‘lci\/c QAK Q(w\‘TQ_V\QSS |llf\ (:“C/("\d{/eb'/\ erQQ

0 TL@ J;Sskg\ \iw(k cones e svRe 'o% J(Cg_
A’aMOOV\S (‘:=w\a, —> {R> = ma

/

= _(,[:__4:/)/1_ , 7=
<F >, = gta\k’e FE) = Cous < lw>>



PAPERS
*** Inconsistency of Minkoswky HD theories ***

.G. Aglietti and D. A,, Inconsistency of Minkowski higher-derivative theories,
Eur. Phys.].C 77 (2017) 84 and arXiv:1612.06510 [hepth]

*** Reformulation of the Lee-Wick models as nonanalytically Wick rotated Euclidean theories ***

D. A. and M. Piva, A new formulation of Lee-Wick quantum field theory,
J. High Energy Phys. 06 (2017) 066 and arXiv:1703.04584 [hep-th]

D. A. and M. Piva, Perturbative unitarity of Lee-Wick quantum field theory,
Phys. Rev. D 96 (2017) 045009 and arXiv:1703.05563 [hep-th]

*** Fakeons ***
D. A, Fakeons and Lee-Wick models, |. High Energy Phys. 02 (2018) 141 and arXiv:1801.00915 [hep-th]
*** Fakeons and quantum gravity ***

D. A, On the quantum field theory of the gravitational interactions,
J. High Energy Phys. 06 (2017) 086 and arXiv:1704.07728 [hep-th]

D. A. and M. Piva, The ultraviolet behavior of quantum gravity,
J. High Energy Phys. 05 (2018) 027 and arxiv:1803.0777 [hep-th]

D. A. and M. Piva, Quantum gravity, fakeons and microcausality, arxiv:1806.03605 [hep-th]



