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What is this talk about?

* The lensing anomaly: a problem between ACDM and the bending of primordial light.

* We re-interpret it by:

1. Modifying the standard growth of structures.
2. Letting the total neutrino mass free to roam.
3. Allowing the universe to ‘curve’ freely.
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The CMB in ACDM

« DT =20+ 1)C;"/(2m),
where C;" is the temperature
spectrum of the CMB.

* The close match between
theory and data exemplifies
the success of ACDM.

* We can use these
measurements to do
cosmology: change ACDM
and seel!
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The CMB in ACDM
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The CMB is sensitive to the ACDM
parameters like the baryon (Q,h?) or
the CDM (Q0.h?) densities.

The variations shown here are much
larger than what the PL18+ACT DR6
error bars allow.

This explains the sub-percent precision
of the CMB constraints.
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A CMB problem: the lensing anomaly

* Lensing consistency check: introduce the lensing parameter A; as Z);,'bqb = ALDfd’.
 IsA; =1, as expected within ACDM? Not according to Planck [Aghanim et al., 2018; 1807.06209].
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* Another possible resolution: consider a beyond-ACDM scenario.
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Recasting A; into X

 Take the following modification to the lensing equation: k(¥ + ®) = —8rnGa?(Z + 1)p,,,,.

[Abbott et al., ‘22; 2207.05766]

gggff;ﬂw [ES, Giare, Di Valentino, '24; 2411.03896]
— Planck '
11 Eﬁléfﬁims\ 1.4 = i Plik
Il All data :
Camspec
19 4 HiLLiPoP
3:1 O froreresirenarceinnnsisanarand | ~]
1.0 === N v N -\
L 0.8
T T
_.1 0.0 0.5
>




. 2 . b, . AR Lol g | Y L
* . o o S e & T SR A IR R R Ty i YR s
. & Le% e e w “3 45ed .....x_._-!..w..,..s...-d f o R
L oso.fo J...,G.r,.(.ﬁ._ra..ym‘ .¢. .e.u ./
.- - ,...a__ s, Lt N
e 37....0... _.'\c..hrw...hm. ” .\:nﬂsr .—... BT
Ty, WAL e 5
- " | —

.-".‘.!l = e ’ > . )
-a..\q.i. ’\ L “:‘.‘* .‘\s ‘.A\.‘Q . . s 1
.-A....ﬁ.»... ..“M-‘M-. > “..l&...ﬂ.. FYE R e o l.s,q.“.n.}ﬁ e ....5.(.. N . » 3
'o \'ﬁ- / -‘..‘.c‘.‘ ’.\..‘s" A-‘”\..‘i ..\ ..o.,m Ao .50..‘. ’."!-‘ .Yha‘.. X ﬁ..f..o“ 2 .\. ; :..-.. %
..A\ o’ [ "‘.D AS..\..Q ..5...50..‘.\! ’“.h-‘!\.....f-o .-.lan ..\ ..\.}l.\. -
| Ll . o TARE S

T .
A .\.‘... ‘.\uﬁ-’hﬂ A ' %’ }
2T ™M AP T \‘.o.uﬂ.xt~¢. € 42 B9 €2 giipl, . 4 :
wﬂ.."..@.ﬂ.%sm'..tﬁn..ﬂ.ﬂ.n\n. ns“. A.. € 0N 4 .....ﬁ.wﬂﬂﬂ.-“”.””.“ ‘.:..,...(,. ks ,.;.w. 2 s ) ‘..u
€S @ 20O VO OO O O il I :@.g‘)
v ..n....e&.,e..n%...w\.».f_f UL OO © ikl ﬁw“ LN % L ; .,....m
Cut et . o3 1 PR 5
kSee e L UU COE OE G & Ut LR
P LY eV € 62 6 €0 B2 B0 S0 admiipy g g %m{a OO ;
. ..QQ.CCCG.Tf..;....r..t..s._.smg uf BB og e N
?.,GA.A...AQ;.C.A.-....._.-..C..:_._._... .ts b | R .@
f.ﬂhtffns.’\.fff‘»a‘: ...::P._.ﬂ! . A ,_1 o 5 T b, > S
[ ee ’\‘\’. ‘».A.‘.. LR N P t..b A . .......gh...;..‘. ” ”\ ‘
ueﬂ..ﬂuﬂsen.n»A. LEA A S & ‘.CAN%* T 5
VEe U e Ve CO O O Ginn | |
‘& CUOU OO0 77 kel
A L a s ;
CUEC GO QUG VOO v, Wit

oo en COO e W
e O T L L L L -1......;.*. :
] ..F.As F..P..A» v o W nv,:A..o...
IGEOO CEO GO0 OO (¢ wasley
e o e e “ad
CEECEEOE 00000 ey
CEe U0 OE 0 COO T
« Lo L P LS .
a. . 1 8 ANA..A» A..A.. @
CECEEO OO0 000 4ol

i\

A

-~

e
ol
o
.
e

GOV
SRS L O S R S L
‘
.

'

e O CvO o
WP LPSPRPEPS r OB
‘ ”n”\-‘d .c.‘b‘. 6‘..‘0 ‘OAG‘J 5'
{ OA. AJAAA. OO G A.\W
“a‘l‘o‘o‘o . : g
et COCe COt v . AT
a.n.,..,.a..a.rum“.....i. ©.0 6 € 0 ambiartr o) P
P30 g g -t Al = e tand R £
a,a._ak.u...._..n...._.......,.....1. e
s e sttt coed™
CECE ¢ele A..a.... O
COOC o o SR SR L S
Db th R ass oL
A;.QA..A«A.,A_«A..A..M..A. .A..A.A. L B SR v
B al.‘uA¢ ‘Au.‘.““- ‘c‘o‘- ‘. Aoﬁo » A‘..,
. A._n.‘. ¢ LER BE S A-.Aoﬂ. i & .i ) .. .
ﬂ..n..%._a..a. A..A..A. OO oo ...:.\!.L.i. :
L4 VPGP i i b andendy
<« n.,.a..a.n.\u”.a. R L
O g SOLL G®S . ~
oo a.a.“.a. i 1 i i el
DT e0sS s ol
SHGCee e et oot e iy
a..;“‘....‘.. Q..A,.A Ao-,-‘. 'SR B .-.‘c...g-“‘-i".q.v
CCo Clele G 66 © 66 O Ol
‘O G AJ.A.A,....,..........1..".‘.;‘”“‘ !
.a.n. A.“-A“‘..‘..A. drdray O Q?...}.t ~h. . a1
M.M.R .J.A_.AJ M..A.A. 00 q~c1.t.. :..\b)s\
Pl ST 1 YD D @ € O 6 O ey
.A;.AJA. A...“u.“.. oo -.-L_..“‘".} e
el o OO oon -.-...t.«.wa.t
6 Aaul. r ey 4 e .«-.._..\r...\ -t
.h.c-./ . AJ."W "o.a.c ST R = lqrﬁﬁ..a"o.k{‘
AJ.A.»A.A,A.‘ «.A.A. RS R R e —&3\9‘
- Qv.l. A,..[.A..“...l_l, SRR B -..g.r........t...t. A
e e Leg Dow O i
' AL M o) ...:. ey e @ - N
'.- 0‘.’ .. .... .Ql“‘ . e SR R R B
Pet o e Lavg SO0 VS W s By € Gl
r OV ey, ©o O e © & & & s @ W L
LIPS 1 Sl S € iy oy @ O N i
e 5 0 O N Sy, '8 ey & k[T y A 5%
- *- e - ..-... i RN . . .d.ah«...'-.\-|ﬂt :
.o.........lv l‘c..b.'db.. ‘.M..f... .o"-lo LAR B ) Aou.or..‘.vinnﬂul’ow....
. L .0.4 r.!.t.c‘o‘t.,v‘..‘.l...‘l—.a‘l ..‘
oo § S

.ia b ¥ »

- . “ '

. . LAY W s s W WM A
e Aoy oA



10

June 23rd, 2026

Modified Gravity & Friends

Growth suppression induced by Xm,, > 0 eV

* We now compare the growth suppression induced by Xm,, # 0 eV against modified gravity described by y.

* Can a modification by y relax DESI’s constraint on ¥m,,?
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Im, < 0.0295 eV [Giare, Mena, ES, Di Valentino, '25; 2507.01848]
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Relaxing DESI’s Zm,, constraints (kind of)

* ‘NO’ is the case enforcing Xm,, > 0.06 eV.

[Giare, Mena, ES, Di Valentino, '25; 2507.01848]

[Giare, Mena, ES, Di Valentino, '25; 2507.01848]
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Primordial perturbations suppression by Q¢ < 0

(k2-4K)
k(k2-K)

 Byassuming PZ X fns—1 , Planck’s 2018 data show mild evidence for Qg < 0.

* Does this still hold if P is calculated for K = 1 explicitely [Vardanyan & Kiefer, '23; 2302.07001]?
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—— ACDM+0
—— ACDM+Ajens
—— ACDM flat

161 162
/
[Di Valentino, Melchiorri & Silk, ’19; 1911.02087]
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Consistency with Q¢ =0

* We looked for evidence of P; suppression in the data.
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PL18

PL18+lensing

Qg (our model) | —0.02613:913

—0.0083+5-9¢2

Qg (Planck) < —0.0304

—0.01075:3979

« »n PLIS
mm PS4 Jensing
» = m Camspec

Camspec + lensing

[Giare, ES, Vardanyan & Di Valentino, ‘25; 2509.26263]
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Conclusions

We considered a series of extensions of the ACDM model, connected through their impact on the CMB power

spectrum and the growth of large-scale structure.

While solving the A; anomaly, Planck’s PR4 data also show consistency with general relativity.

The ¥m,, constraint by DESI can be slightly relaxed by introducing the growth index y in the evolution of 6,,.

Even when the inflationary spectrum changes w.r.t. ACDM, we find consistency with Qg = 0.



THANK YOU ©

Enrico Specogna
especognal@sheffield.ac.uk
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Standard Model Tests

CASE 1
[Amendola, Kunz & Sapone, ‘07; 0704.2421]

CASE 2
[Linder, ‘02; astro-ph/0208512]

Change the Poisson equation:

k*Y = —4nGa?(u + 1) p,, 6.

Change the lensing equation:

k*(¥Y + ®) = —8nGa?*(Z + 1)p,,0,,

Change 6,, itself:

1 QY
O~ EXP <— f da' —T)
a a
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* Primordial spectrum of [Vardanyan & Kiefer, '23; 2302.07001].

* 4, € are the slow roll parameters.

e n®=k*+K

(I)(?’L, €, 6) |n:aH —

£(n) := lim f.(n)

e—0

n=aH

€ K K K —2v—3
(e + %) (1 nz) bt n? — 4K (E T nz) (f(m))
_ |y E B K - K OKC | E
- \ n?2 n?2—4K n2 n?2—-4K n2
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