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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

1
S = d” 2A — R
el 8] = T Go J xy/8 ( )

Angelo P. Chiesa - “NeXT Workshop” @Cosener’s House, Abingdon - 24/08/2026




Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

1
4
162G Jd X\/g€ (2N — R) q J@gﬂyexp(—SEH)

Senl 8] =
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

1
Senlg,] = v Jd4x\/§ (2A — R) q Jggﬂy exp(—Sgy)
N

8 = 0, +h, < Graviton — /k ) X RN
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

Senl 8] = Jd4x g 2A —R)

167TGN
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

Senl 8] = Jd4x g 2A —R)

167TGN

Failure of perturbative RG: Loss of predictivity

't Hooft, Veltman *74] 1-loop div. \/g, \/ER, \/§R2, \/gleR’m/
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

Senl 8] = Jd4x g 2A —R)

167TGN

Failure of perturbative RG: Loss of predictivity

't Hooft, Veltman ’74] 1-|Qop div. \/_, \/§R, \/§R2, \/ERMUR’MD

[Goroff, Sagnotti'85]  2-loops diVv. \/§C3 e
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

Senl 8] = Jd4x g 2A —R)

167TGN

Failure of perturbative RG: Loss of predictivity

't Hooft, Veltman ’74] 1-|Qop div. \/_, \/gR, \/§R2, \/gleR’m/
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Asymptotically Safe QG in a nutshell

Perturbative Non-Renormalizable GR

Senl 8] = Jd“x g 2A —R)

167TGN

Failure of perturbative RG: Loss of predictivity

't Hooft, Veltman ’74] 1 -|Qop div.

[Goroff, Sagnotti ’85] 2-|oops div.
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry
[Weinberg ’79] [Reuter '98]

A= Ak*
ﬂg — atg = (2 + If]g)g g = GNk_z

 Enhanced symmetry:

% \ed
ﬁ ﬁ/l Oat (g /1 ) ?;0\
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry

[Weinberg ’79] [Reuter '98]

) = Ak?

P, =08 =(2+1n,)g8 ¢ = Gk

= 0,4 = (=2 + )4 08]

 Enhanced symmetry:

po=p,=0at(g” /1*) 04} \\ g Sale |
0.2} .'

Angelo P. Chiesa -
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry

A = Ak?
,Bg =08 =02+ ﬂg)g g = Gyk™2

B, =04 = (=2 +n,)A

]
 Enhanced symmetry: | e (g, 40) 70

wel a Noen=Eaussich =
ﬁ g = ,6 ) = O at ( 2 *, A *) ?gz\“‘

e d =72+ ¢ UV perturbative .

(g, 4°) = 0Gaussian FP

 d = 4 UV Non-perturbative
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry
[Weinberg ’79] [Reuter '98]

A = Ak?
,Bg =08 =02+ ﬂg)g g = Gyk™2

B, =04 = (=2 +n,)A

]
 Enhanced symmetry: | e (g, 40) 70

D S p,=0at(g",1%) ?;"gg\‘ Non=Gaussian FP

e d =72+ ¢ UV perturbative .

(g, 4)) =0 Gaussian FP

 d = 4 UV Non-perturbative

Image from Asymptotic Safety Seminars
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Asymptotically Safe QG in a nutshell

Quantum Scale Symmetry
[Weinberg ’79] [Reuter '98]

) = Ak?

= Gk 2
B, :=08=2+n,)g p—

B, =04 =(=2+n,)

 Enhanced symmetry:

'Bg o '6/1 = O at (g A7) Non=Ferturativetools:

e d = 4 UV Non-perturbative Functional RG; lattice,

Image from Asymptotic Safety Seminars
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Asymptotic Safety Conjecture-Evidence

. Extended operators: R?, Ric?, Cz,f(R), ...RY. ...

[Dietz, Morris ’13] [Ohta, Percacci, Vacca '15] [Falls, Ohta ‘16] [Demmel, Saueressig, Zanusso ‘15] [Gies, Knorr, Lippoldt,
Saueressig ’16] [Falls, Litim, Schroder '18] [Kluth, Litim '20] [Knorr °21] [Morris, Stulga ‘22] [Baldazzi, Falls, Kluth, Knorr ’23]

 Coupling to Matter: Minimal Matter, Standard Model, BSM ...

[Dona, Eichhorn, Percacci ’13]] [Meibohm, Pawlowski, Reichert ’15] [Eichhorn, Held ’17] [Eichhorn, Schiffer ‘19]
[Eichhorn, Schiffer '22] [Pastor-Gutiérrez, Pawlowski, Reichert ‘23]

: : [Bonanno, Denz, Pawlowski, Reichert '22] [D’Angelo, Reijzner ’23] [Fehre, Litim,
e |Lorentzian Studies Pawlowski, Reichert '23] [D’Angelo 23] [Wessely, Pawlowski, Reichert '25] [D’Angelo,
Ferrero, Frob '25] [Saueressig, Wang ’25] [Kher, King, Litim, Reichert '25]

& much more...
Recent review: Eichhorn ‘26
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Asymptotic Safety Conjecture-Evidence

Phase diagram

[Reuter, Saueressig '01] [Niedermaier, Reuter ’06]

[Denz, Pawlowski, Reichert ‘16]
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T
Scattering in QG
b — P

|
2-to-2-scalars: tree level diagrams I'y = Spyy + S0+ S, + > Jd4x £0,p0 P

4

P1 P3 P1 P
Pl ps P1 P3 P1 P3
— + + + X
Do D4 P2 P4 P2 P4
P2 P4 P2 P3
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T
Scattering in QG
b — P

1

p1 p3 p1 p _
P1 p3 - . m -
A p2 P4 p2 ps

Gravity mediated
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T
Scattering in QG
b — P

1

P B/ p3 \/ m 3 \
; N ><
D2 pe N\'? b Pz b /

Contact

Gravity mediated (gravity induced)
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Scattering in QG
The cartoon
t b b

Graviton mediated process h

Classical of ~
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Scattering in QG
The cartoon
t b b

Graviton mediated process

Classical o ~ X
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Scattering in QG

The cartoon gb

Graviton mediated process

Classical of ~ Gys X
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Scattering in QG
The cartoon
t b b

h
® J ®
!

X \/G_NS NGNS%

Graviton mediated process

Unitarity at

Classical A ~ Gys X stake!l!
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Scattering in QG
The cartoon
t b b

Graviton mediated process

Unitarity at

Classical A ~ Gys X stake!l!

GNS NGNSf

1
“The cure” G, = Gy(k) ~ B for k > M, » ﬂ has a chance to be finite!
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~

Angelo P. Chiesa - “NeXT Workshop” @Cosener’s House, Abingdon - 24/08/2026




Scattering in QG
The cartoon upgradeﬁ

h

¢ J ¢

1Pl version of ~ X ghh X

Graviton mediated process

PP — PP
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~
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RESULTS
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&l
RESULT

Meidated Amplitude
100
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&l
RESULT

Meidated Amplitude
& &
h
e §—channel
& 5100k
10
1
— AS|
0.10 x Data
001 A 1 — I R 1 1 PR [ T T N B ; . P T
0.1 05 1 5 10 50 100
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&l
RESULT

Meidated Amplitude

& &
e s—channel

. ¢ $100¢
e Lorentzian (reconstructed)
10
1
—_ A8|
0.10 x Data
001 A A TR R T S . . 1 L PR [ T T B " " M [ R
0.1 05 1 5 10 50 100
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&l
RESULT

Meidated Amplitude

& &
e s—channel

. o $100F
e Lorentzian (reconstructed)
, 10
« On-Shell my = 0
1
_— AS|
0.10 « Data
001 1 1 E— T | 1 ] PR [ T T T B | . 1 P T
0.1 05 |1 5 10 50 100
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&l
RESULT

Meidated Amplitude

e s—channel

. ; »100F
e Lorentzian (reconstructed)
, 10
. On-Shell my = 0
1
—_ AS|
 GR recovered - |
O.l()i- x Data
001
0.1 05 1 5 10 50 100
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&l
RESULT

Meidated Amplitude

& &
e s—channel

. ¢ »100F
e Lorentzian (reconstructed)
10
« On-Shell mq% =0 ,
1
— A
e GR recovered - |
1() x Data
+ Fixed point &/ FINITE A R
0.1 05 |1 5 10 50 100
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&l
RESULT

Meidated Amplitude

& &
e s—channel

. 6 »100¢

e Lorentzian (reconstructed)

, 10
e On-Shellms =0

¢ i 5

) Al
* GR recovered |
0.10 x Data
0.1 05 |1 5 10 50 100

» Graviball resonance? v S[My]
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RESULT

Full Amplitude

e Partial Waves:

d(s,0) = 32z ) a(s)P(cos 0)
J

e Optical theorem:

0 <Im ai(s) < |

¢+ j>2,0,=0

0.20

~0.05!

Ima

tot

(8), — 7

I —

0.15]
0.10f
0.05}

0.00|

001
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1

3/]\451
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Conclusions & Outlook

o/ M

-
10

. of  FINITE '”di‘;f)‘:k’”s . _A

. ol (s, 1) FINITE { UnErity T 5 @Mls]m 3000

* Graviton bound state? 020 [Im()_]o_ ]HQ]

© t—channel: for s — oo, I, x V,(¥) 57 f ZZZ L

© Elkonal Thanks for your attention! [

(More) DETAILS 2603.10168 or a.portas-chiesa@sussex.ac.uk
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BACKUP

Angelo P. Chiesa - “NeXT Workshop” @Cosener’s House, Abingdon - 24/08/2026




Asymptotically Safe QG in a nutshell

Functional RG

. Suppress IR modes Z;[J] = J9¢p22k2 e SIP1T9

1 |
. Regulated measure [@¢p22k2 = [945 e 21 PR | \ .

lllllllllllllllllllll

- SV my - ’ 7. N
e s Z »

Wetterich Equation: 2
¥ o IR finite  Turns path integral in PDE
1 o0,.R;,
i oI, = =Tr | ———
¢« UV finite ok = e |, scale dependent

2 u u A '
C IV aC I R

N

. 7 Py Ve a s opreay o - c cm L. o a . S Y € L e .o Tl DN v A —» - - LN W € ma B o . T YR

P~ IV & pt &7 & z 27 2 = V-2 - g-.= - - -y oz - —o d 2. MY o Sdr g

— = P 2 & - e " - z - o T . & - * o i » ~ - o - . . G < .
. r'a . - . - - . - .

- . L = . _ - B s S —oR oo e P Ve m ek - o . -
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Asymptotically Safe QG in a nutshell

Functional RG

% Sah = sl A S S oL N s qadir el
7 - 5 e, : . L NIIR e - AP PN ',‘»,,',;,‘ > 27 '

Wetterich Equation: 7
% « |R finite * Turns path integral in PDE?
.. 1 0,R,
¢+ UViinite Oy ==Tr | ——— » I', scale dependent
2 I ,({ ) + R, effective action

P O TEE L, I C e L& e » & - e LETEIYTLSE < e T p rG TETTT0 - : i - - %
: ’ . e - J > . > > . % _ , ) o w c o O 5 3 0253 o . =~ . N - S T - ) R . <. S~ - . = - R -~ <

|, interpolates between Tz = Soae

e k — 00 bare action

e k — 0 Quantum effective action I
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§ |
Scalar-Graviton vertex in AS '

How to

Tensor structure: min. coupled scalars
P1

1

~ ngbh(pl, Dos ph) Wetterich Equation

Momentum variables 1 [ o,R,

o', =—1Ir | ——
‘2  k 2 F](CZ)_I_R]{

p2 ] =4 atrlqcb¢h(plap29ph)

2
P2 = \PH = \Pz
p1 Py =DP°7
|7 =2p%(1 +2)

/A\ Euclidean
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-
7

Scalar-Graviton vertex i

Diag (p/k,p/k, 2) 7
] . _ 1 i
Flow Equation Ding (21,22,2 = = [
) T s AN
™ JI Of;"?‘:‘i‘:‘%“% \a 0.0 |
] ] ¢¢h 0.0 T | : lll' ““““““ —0.2 \\W\“
| | TS \
Diagrams generated in 0,1 0 T
0.2 - ' 06 \ \\§\\\ / ‘
z N S
10 \ 101
Z .
Flow Equation See Also [Eichhorn, Labus, P 07 g ™ L o[
' 10!

0,8 s i P> 2) = (2 + M 1)8ppni(P>2) + gégbh,k(l?a z) Diag, (p, 2)

(p/k, z) dependence — k = O (physics)
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RESULTS

Newton Coupling

: :.\ _
= = “‘: - 1
oSS SO U \g —
Dl CONE JNS. T P
A\
S
10~ :
. L\
Asy - p “‘ \\\ :EO—B
\\\ -----------------
/ :-0—4 “““““
» zinfluencest T LNt SN T
\" .........
10—130_ 1.0
— 1
0 . — lim gnee(p, 2) - i1 x(p=0,2)
Yo, 2 _ Ve . . . ]
/%// 107 3 1.0 U . /ﬁ// -TO 99 0~ 05 1
2
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-

Po, P pos |

Interlude

Momentum Variables

cos b,

* (p,z) Euclidean = Wick rotation?

+ Relate to py, p, [ + angles ¢, , ¢ .in CoM frame Po.P Pos |

9 = \/ G¢¢h(p09Hl_5H9 ¢in)\/ ngg/)h(Po,H Z)H, Do) X T.C.=V(p)) XT.C.

» Reconstruct only p, Multivariable reconstruction

. On-shell: p; = ||p||”
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&l
RESULTS

Amplitude & Cross Section
Numerical Nightmare

/ 10§.

|

» Reconstruct and py — — ipo

 On-shell — s,1, u dependence 0.100}

1 0.010;
A =V (s)— (t2 — Aty + u? — 52) 0001l
S -

104k

* Cross Section _5; _do/dQr/3) M) |
d 10 x Data
GS 2 % _ ] _ R _ )
= > | A | 0.1 05 | 510 50 100
dQ 6474 Vs[ M)
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ad
RESULTS o, = V)~ ~ 41+ 1 = 57

R G I co m pa rl SO n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,

100}
« Standard RGip =0,k = \/E 105
Vi(s) —> G (\/E ,0) '
. Euclidean RGi k — 0,p* = s | yd Buclidean RGi
010 / —— Adapted RGi [
Vi(s) — G(O’\/E) 3 N .~ Standard RGi |
0.01

01 05 1 5 10 50 100
\/E[Mpl]

Qualitative agreement

Miss peak structure!
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AN

2+ Z My /(P; )] 8k hpp(D1> P2)+
J

Approximations

Massage the Flow eq.

0,8k hpp(P1>P2) =

» Ny, =0atLOina =0,/ = 1 gauge
12

atlec/bcb g hop.uv
» Neglect matter self-interacti +2 D)
eglect matter self-interactions \gk h¢¢(P1 1), s

» Couplings g, ,, loop independent\
o Identity all g, ,,, = 8np0 \

° NegleCt //t ﬂ — O tgh¢¢ k(p, Z) (2 + nh k)gh¢¢ k(p9 Z) T gh¢¢ k(pa Z) Dlagk(pa Z)

e (@) = 0 /
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Momentum Variables

Full glory
Z = G pi =pi+Ipl° Zin = 1+ Pl (cos(gb- )—1)
P11 p2] n " 1P 1°+ p2 "
2 _l2 72 — 1 ‘7‘2 1
Pout = o+ 111 out=1T \7\2+l2 COS (¢out) -
0
2=~ (22 + 1512 (1 [12(1
()—5 p()"“p‘ ( +Cos¢in>_‘ |~ ( +Cos¢out)
p-l=|p||l|cosbOgc § = Zpin(l + Zjn) = zpout(l + Zout)

t=pi2n +péut + 2(poly + [P || 1] cos Ogc)
— Y2 2 ¢
u—2pin+2p0ut s—1
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RESULTS

Euclidean Vertex

AIpll = Jljj = 0.1Myu

001 o010 1 10
pO[Mpl]

uantum corrections, Physical AS

N
A = VE(pO) XT.C. \: l(lcz—él-l‘lxt-|-l/tz—Sz)
\)

il = 1= 1My

10t 10L

~01 05 1 5
pO[Mpl]

10

el = [11]| = 10My

05 1 5 10
pO[Mpl]
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LN

Reconstruction
Technical details - Pipeline - Vi
N = 1 ay(x — xq)
» Assume a continued fraction for V(| p|; po) " I+ ar(x — X,)
o Get the coefficient q Hard Part P AN (X~ XN )

» Derive the spectral function p(|p|;4) =2 SV(|p]|; — 1(A +10%))

R > dAd p(Ipl;d)
Compute V . — -_— .

= dAA p|;A
) ComputeVL(\ﬁ\)zj — pUPLA)

B E—— On-shell Lorentzian Vertex
o N A2 — ‘]—5‘ + 10T
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Reconstruction

Technical details - Algorithm

6.

/.

. Select N < M points from data & sample (p?, V(| p | ;p(gi)))

: COmpUte CN(pO)’ ,OM(/I) and Vrec(p())

| M o N
. Compute y* = MZ (V( 2 ;pé”) — Vrec,N( \Mmé”))
=1

Reject if )(2 > )(% and select other N random points.

. Accept otherwise and compute V;(|p|)

Repeat 1-5 for each |p|

Repeat 1-6 L = 80 times = average 6 error bars!
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A

. Vew(Po) = Y N, 5 ( : 2)\\
COmpanSOn ,p. Z | H (P0+sz) +Mzkl

Other reconstructions [ preac) |

N ; :
—14+4 1+ " a,pg 1018 — Prail(A) L
=12 n=1"" - |
p=(1+2)|pI’, z= VyA(Py) = —— — ;L A u \
1 4+ 4 1+Zn 1bn+2P3 = Yo I
— e - : S

Breit-Wigner /

0.015- -------- &\
SN o]

005 0.10 050 1 5 10
A
0 A ~ o
A EE-
N i\ I \
TAA LA
e A I | ll‘_"\ / 7T\
E( \ . Q\ f E :_<\ 0 II\_‘. .',.’I \.‘ \ // ' \Weo !
: oo ] = 2 N O N W\ e |77
IA=_01_-075—-1.3 efull result | " N\ = R \ ------- _
el AU 'Qf‘i'(')o o \/ ./ Gaussian Process
v/ ]
- - ol ¥ Regression
|
p pl 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 Zd.O
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X

Lo rentZian F4¢ [APC, Reichert, in prep. ]
“Through the looking glass®

- [Braun et al. ’22] [Fehre, Litim, Pawlowski, Reichert. ’21] [Kher, King, Litim,
¢ LO rentZIan fRG Reichert. ’25] [Pawlowski, Reichert, Wessely ‘25] [Assant, Litim, Reichert, in prep.]

« On-shell, Lorentzian flow 6tF2¢(S, f)

|
. T2 d*x,/g0,40"®
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X

Lo rentZian F4¢ [APC, Reichert, in prep. ]
“Through the looking glass*
IR

G?P"(0) = Gy

Main approximation: qufwh(p, q) ~ G,zb Ph(p,0) TH*°(p, @)

U ~ Gliﬁ Phh(s, £)? Diag, (s, 1) Mutatis Mutandis for
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Lorentzian ['*?
“Through the looking glass*

“Flowing cut” d,Im (%) =

)z 327 (—4Kk° + 4k”s + k*(s + 21)*)
\/S (S — 4k2)
+ Triangle(s)

‘m(s/k2)

s+t + u = 4k*

T

Os — 4k7) |

X

[APC, Reichert, in prep. ]

ol
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X

Lo rentZian F4¢ [APC, Reichert, in prep. ]
“Through the looking glass* Structure:

t — 0 Amplitude 0,ImI™*?(s, 1) = Gy(X)* Im Diag,(s, 1)

Approxma’uons

~ log(s)

~ const.

&
g ' I A
& = S O H GO U I TN e T VO W . B TP MO D ;o0 R B0 <M FO L oy NN R D O, T oy
o e a2 A alel
- - i . ‘

e ; : 5 _ _ 2z A
5 S - 2 Qe g inatha DAy o & 8
o 2o o TR oA e ER 5o ~ g R--a e s a=co ol 0 e
"

7100 1000 3_ Gy(X) = Gylk, s) = >

2 2 ,

" Educated by Euclidean results
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X

Lo rentZIan F4¢ [APC, Reichert, in prep. ]

EIErr e —— G (k) — aols) — ax(s) — as(s) | G k.5) : — ao(5) — aa(s) — aals) |
1.0—————— ——— e e 10— 1.0
[ 100} ; : [ 10} : :
| 0 . : | 0 : |
0.5 — ’/" 100l ““ - 0.5 — — 10t ‘ 0.5 _
| : : : _20} - |
5 ’,* -2000 ' . 17 -/t Nl - I
0 O-:::::' 107 102 1077 10° 10" 10 10°] OO 107 1072 107" 10° 10' 10* 10°] 0.0 el N
~0.5 -' ~0.5} 1 —o0sf
R S I - ' ' ' ' ' .
1 2 3 4 5 103 1072 107! 10° 10! 102 10°
2 2
S/Mpl S/Mpl

)
Partial Waves: 1 = — 5(1 — X) CoM frame

1!
a(s) = 327:,[ dx < ,(s, x)
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Conclusions

« Full momentum dependence G(ﬁ(ﬁh(]?, Z)

 s—channel amplitude FINITE

» Full momentum dependence (s, 1)

o (s, 1) FINITE

- [Pastor-Gutiérrez, Pawlowski, Reichert, Ruisi ‘24]
¢ G raVI ba I I? [Maas, Platzer, Pressler ’25]

Angelo P. Chiesa - “NeXT Workshop” @Cosener’s House, Abingdon - 24/08/2026




Outlook

O Include all the channels

O t—channel: for s = oo, &, x V(1) 57 f

4¢
O Feedback Fk (s, 1) q

O Eikonal?

O Graviton bound state
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LN

Spectral fRG

[Braun et al. ’22] [Fehre, Litim, Pawlowski, Reichert. ’21] [Kher, King, Litim, Reichert. '25] [Pawlowski, Reichert, Wessely ‘25]
[Assant, Litim, Reichert, in prep.]

» Casual & Lorentz Invariant R (p) = k* Lorentz

invariance

* IR finite - UV needs “flowing counterterms”

Wetterich Equation 0.1, = lTr ﬂ — 0.5
-k N 1_,]({2) f Rk ™tk

» On-shell scheme y, = 0,5, =0,n, =0
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Flowing on the cut
Candy & Triangle

T R Z !
4000 : 1500 |
: 105 I _ "\'\¢\o\
3000 - Py N s
= 107} j S 1000} 102}: S
= | : @ S
G’f 2000_— 5 10 50 100 500 1000 T @f : 5 10 50 100 500 1000
5 | - £ 500]
IOOO: '
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Box Diagram

q q -+ P4

Basically a pentagon with AN

ps — 0 (topology) \ A
q + P1 q + P3

T5=L; /7N

DoD1 DD, | n 4
D.= (g +p)? —m?+ic. PaVe reduction 7° = Z c(py) T4(0).
i=0
|
T4(n) — J' 1 -
q i#nl)i
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AN

Triangles on the cut

167
IMTW(s5,0) = ——————————[5(35 + 16) + (5§ — 18)(§ — 3)log(§ — 3) — 68O — 4),
: (3 =3)/ =43 | g |
ImT®(s,0) = o [ _ B —4)((5— 8)5 + 8) + 4(5 — 3)(6 + 5)log(§ — 3)] G —4),
(5 —30/G -3
mT3(5,0) = . fom [§(3§ +16) + (7 = 38)8 + 6)log(s — 3) — 68] O — 4)
(5 — 3/ G = 4)3

N.B: § = s/k
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