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Constraining BSM theories with DM

Dark matter is not part of the Standard Model

There exist a set of theories BSM that adds a DM

candidate that can interact with SM particles through a
mediator:

Some of them are particularly motivated as they
gauge of the SM:

Cirelli, Strumia & Zupan (2024) [2406.01705]

e.Jd., U(I)L,u_Lr’ U(I)Le_Lfa U(I)LM—LQ’ U(l)B—L
(dark photon)
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U(l), 1, models

Introduction

« Gauging L; — Lj is anomaly free without adding other fermions. New boson Xﬂ

« Minimal extension of the SM, with the possibility of adding DM with Xﬂ being its
portal to the SM

Iy o I
7 =Zsu =X X" +5m)2(XﬂX”

—8X (Z’V,/i T Uy Zﬂ’ﬂfj — _jml/j) X
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U(l), 1, models
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Introduction o ESMO 5 K
1 -0 m%o
» After the rotation of the fields (normalisation and EWSB):
~ Iu Iu . 'M | P I\'LSIZEX
311“ ~ eA//tJEM I le/t ngJZ + gX S11 éJX 3| NA48/2 Balar C KLOB
U . . U Bl41
—A) ngJ)’; —(e€ cos Oy, Jo - g/(€ sin Oy, — sing)J
. . — 10 m(A') [ GeV]
« We expect ¢ < 1, colliders set strong constraints Cirelli, Strumia & Zupan (2024) [2406.01705]
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U(l), 1, models

Introduction

J. Koechler (INFN Turin)

dx8x

Probed by DD

2 2.2
O,N X Gx8xE

(oV)
(mg, — 4mz)* + mgl'3,

X li,j
dx8x 8x
A/
X li.j

Probed by ID and
relic abundance

(ov) o gxgy
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A target of DM ID: The Galactic Centre

0.5 — 5 GeV extending -
out to 10° — 20° reported by Fermi-LAT NP 1 — 126 M

(ov) = 1.3 x 10726 cm3/s

Two compelling possibillities:

» DM DM — hadronic for m, = 50 GeV with (ov)

compatible for DM as thermal relic and cusped
profile
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e Old population of unresolved millisecond pulsars
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Setup

For each U(1) model:
1) We fix m,, and (ov) by fitting the flux of DM-produced y-rays to the GCE

2) We cross-check if m, and (ov) are not excluded by positron data from AMS-02

3) For the fixed m,, we figure the gy /m,, parameter space that satisfies:

Thermal relic

Anomalous magnetic moments
Direct detection constraints
Collider contraints
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Relevant observables

Galactic Centre excess
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Most up-to-date characterisation of the GCE from
interstellar emission template fitting:

e Cholis+22 (40° X 40°,
sources masked)

b| < 2° and resolved point

e Di Mauro+21 (40° x 40°)

E2d®/dE [GeV/iem?/s/sr]

Astrophysical uncertainties up to 60% in the
normalisation

Di Mauro, Phys.Rev.D 103 (2021) 063029
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Relevant observables

Galactic Centre excess

Interactions with the ISM
(ICS, Brems, Synch)

Injection of DM-
produced ¢+ and y-rays

Secondary y

Fermi-LAT

Propagation of DM-produced ¢+
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Relevant observables =1, (7) (”9

Galactic Centre excess Einasto: pp. () = p.exp 4 —= (L)a_ 1}
)
doPompt 1 4 - dN/
Prompt emissions; ———— = ——> o F(ov) Z BR S
dE, 4 4rx m)( r: dE,

_ 1 d 0O
J-factor: 7 = _J dQJ as PDM(r(S ),
AL AL l.o.8
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Relevant observables =27 ai—apmmn

= 2 2
Galactic Centre excess 2oody |, (1 +”’”l_f2> + 602
\ m; 2m;
Relevant diagrams for DM annihilation
X fi,j, Vi X n fi,j» Vi For a given m, and gy
A’ \\/\/\/Z .. ..
/\ i Vi » Evaluates (ov), for each
/Mg Lﬂl{j, ,/l{j channel — BRf and (oV)
_ A’ Sk
X L”i,j, Vi ¥ 7. U  Evaluates dN{,C/dE}, using
e MadGraph5_aMC@NLO
(6V) x grgy Open for m, > my, but (ov) o G gs
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Inverse-Compton

scattering
Relevant observables ¢ /e’
Galactic Centre excess >
Yamb
d(I)ICS , . d
Secondary emissions: =2 o J dQJ had X
dk, 4m \ m, AQ Los. o

X J Z dE, f+(E,, X(s, Q)P cs(E,, E,, X(s,2))

m

Diffusion-loss equation:

e

of

V(DVf.-v f P f.+ 2D +OPM =
e+ cJe* loss/ e™ pp T
oK, oK,
spatial . energy momentum space
diffusion  Convection osses diffusion source
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(R,z) = (0,0.5) kpc

Relevant observables

Galactic Centre excess
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Galactic Centre excess

Dataset

(ov) [cm?® /s]

Di1 Mauro+21

2.14 x 102

Cholis+22

3.72 x 10726

Di Mauro+21

2.56 x 1026

Cholis+22

5.12 x 1026

D1 Mauro+21

7.42 x 10726

Cholis+22

1.48 x 10™2°

Di Mauro+21

1.95 x 1026

Cholis+22

3.72 x 10726
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E2d®d/dE [GeV/cm?/s/sr]

E2d®d/dE [GeV/em?/s/sr]
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Relevant observables

L,~L,, MED
m, = 8.41 GeV

(ov) = 3.72 x 1072 cm¥/s

Cholis+22
DM Prompt
DM ICS
DM Total

L.-L, MED
m, = 18.85 GeV

(ov) = 5.12 x 107%° cm®/s

Cholis+22
DM Prompt
DM ICS
DM Total
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E2d®d/dE [GeV/cm?/s/sr]

E2d®d/dE [GeV/cm?/s/sr]
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B-L, MED
m, = 17.50 GeV

(ov) = 3.71 x 1072 cm¥/s

Cholis+22
DM Prompt
DM ICS
DM Total

L,~Le, MED
m, = 49.55 GeV

(ov) = 1.48 x 107%° cm?/s

Cholis+22
DM Prompt
DM ICS
DM Total




Relevant observables

Positron flux from DM

Injection of DM-
produced e

.
e
-

AMS-02 @ ISS

Propagation of DM-produced ¢+
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Relevant observables o { oo\ N
- QQ:M(E ,)_C)) _ oV PDM e~
Positron flux from DM o 2 m, dE,

Diffusion-loss equation:

— — a afi
V(DVf+—T/’f+)+— b fo+ 2D 2 ) 4 oM =
e~ cJ e+ lossJ e™ +
oK, PP oK,
spatial . energy momentum space
diffusion convection losses diffusion Souree

obtain the positron flux at Earth
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We set then an UL on (ov) using AMS-02 positron data
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Relevant observables =27 & apmn”
DM relic density om ( m} >+ o0

l +——

w2
dn)( | .
e neecio sole dr + 3Hn, = = {ov) (n — 1y eQ) for given gy and mi,. (m)( fixed)
- : . SnY, ; |
Approximation: Q2 ~ —4—= x1.07 x 10° Gev~!—
Pe \/EMPI (oV)

Value measured by Planck: Q 2% =0.120 = 0.001
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Relevant observables g, —2 y

Anomalous magnetic moments

Aa,=a" —aM = (=144 £0.72) x 1071 y pu n P

_ex SM __ ~11
Aa,=a,"—a;" =((38+£63)x10

A
Aaf —

2 1 2,201 _ %
(&x + 266) J i 2m,gz (1 -2 . A y )
an2 | mA(1 = 2) + m2z?

U(l), _; and U(I)Lﬂ_Le can contribute to Aa, 14 14
U(l)Lﬂ_LT and U(I)LM—Le can contribute to Aa,, A A A
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Relevant observables
DM direct detection

Nuclear scattering (start from |% | )
2
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Most sensitive DD experiments for y/V:
c (Xe): 6 GeV < m, S 3.9 GeV

—

o
L
o

o)
Z
n
o
c
o
Q@
O
=
-
|
S
O
=
©
=
x
S
©
o

—h

o
L
\)

. (Xe):m, 2 8.9 GeV : - o

Dark Matter Mass [GeV/c?]
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Relevant observables
DM direct detection

DD experiments provide DM-nucleon cross-section upper limits

— to set a limit on gy

)etection

A2 p@ E;enax - \Scloction
R = — o, MQ(ER))w(Eg)n(Eg)dER
212, \ m . X .
V -
< f0) :
n(Eg) = I —dV Ep = %
Vmin ‘ V ‘ 2MT 20 40 60

Nuclear recoil energy [keVyRr]

XENONNT Coll., Phys.Rev.Lett. 131 (2023) 041003
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Relevant observables

Colliders

Most stringent constraints on gy are obtained by trying
to probe these processes (for relevant m,. masses)

v 7]
A’ 2
et _
A £
A VAVaVavVavVy
q
eTe” collisions pp collisions
BaBar, Belle Il CMS, ATLAS
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Fixed target
NAG61, CCFR
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Results

V

L,—Le

— Q,h2=0.12 | Q,h%=0.12
Allowed by GCE | Allowed by GCE
AMS-02 UL | AMS-02 UL
(g —2), UL | (g —2), UL
| XENONNT UL XENONnNT UL
m,=75GeV, gy =1 Collider UL ‘; CMS4u UL = 7.5 GeV, gy = 1

10 102 1 1450 14.75 15.00 15.25 15.50 15.75
Ma: [GeV] Mma: [GGV]
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Results

P N § W
Qyh?=0.12
| Allowed by GCE |
| — AMS-02 UL | —— Quh?=0.12
— (9-2), UL | Allowed by GCE
LZ UL = —— AMS-02 UL

| — Collider UL m, =43.8 GeV, gx =1 | Lz UL m, =43.8 GeV, gx = 1

10 10 10 103 70 80 90 100 11
Ma: [GeV] Ma: [GGV]
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Results

m, = 15.6 GeV, gx = 1

Allowed by GCE
— AMS-02 UL

(9 —2)e UL

LZ UL
—— BaBar UL

100 10!

102

Ma [GeV]
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| —— Quh?=0.12

Allowed by GCE

— AMS-02 UL

LZ UL

m,=15.6 GeV, gx=1

20 25

30

35 40 A5

Ma: [GGV]
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Results

-

Y

B—-L

|
Q,h2=0.12 |

Allowed by GCE | —— Q,h?=0.12
AMS-02 UL | Allowed by GCE
(g —2), UL | —— AMS-02 UL

| .Z UL 1.Z UL

'm, =15.4GeV, gx=1 Collider UL | —— CMS4u UL

{04 m,=15.4 GeV, gx =1

100 10t 102 1 27 28 29 30 31 32 33 34 35
Mma [GeV] Mmau [GeV]
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Summary of the results

. If the GCE is explained by DM, we can severely constrain U(1) LL models,

leaving the near-resonance (n1,. é ZmZ) region unconstrained.

* Other regions of the parameter space are available, but up to the assumption
on the value of the tree-level kinetic mixing.

» U(l)p_; is completely excluded.
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Thank for your attention!



U(1)z_; model

Introduction

« Gauging B — L is anomaly free if right-handed neutrinos are added. New
boson Xﬂ

« Minimal extension of the SM, with the possibility of adding DM with Xﬂ being
its portal to the SM

Iy o I
7 =Zsu =X X" +5m)2(XﬂX”

—8x %Z qi7,4i — Z Civiti| X
i j
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U(l), 1, models

Kinetic mixing

Since the leptons i, j are both charged under U(I)L,-—Lj and U(1)gy after the
EWSB, there are in the kinetic mixing to consider

1 2 2v(1 —
G(Q)zeo—egXJ dx x(1 — x) log(m] Ho X))

27% |, m? + Q?x(1 — x)

, , Q2 7y
A,u € A//i A,M €0 A//t A//t > A//l
AVAVAVAV. VAVAVAVA V- AVAVAVAVINVAVAVAVAVIEEREE MN\/ON-\/W
£
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U(l), 1, models

Kinetic mixing

2
egX m] ' WIMP detection W;ndow
Case 1: e =0 = ¢y =——log— e "
1 27[ ml Momentum transfer Q [GeV]

1073 1072 10~

-2 -1
Momentum transfer Q [GeV] 10 10

Momentum transfer Q [GeV]
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U(l), 1, models

Kinetic mixing

Case 3: What is the assumption we can make on € to
evade as much as possible the DD limits?

107"
L,~Le, MED
m, = 43.8 GeV 107
eyy =0
107

(€rot/9x)?

1074

Recoil rate R [s7"]

107°

107°
0.05 0.10 . 1074 1073 1072 10~ 10°

Momentum transfer Q [GeV] Momentum transfer Q [GeV]

0

For a given DM mass, we fix € so that €(Q,,,.,) =

J. Koechler (INFN Turin) The GCE via leptophilic DM in U(I)Li_Lj models



