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The extremely successful SM ...

] . ' ' 6000_—' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5
Something is missing: ; .

5000 |-
40005-

3000 F

DI [uK?]

2000 }
1000 | —

llllllllllllllllllllllll

600:' :i:::: } Teo

| ot i """""""""""""
300 | + 330
_:_ 1 1 l*+l‘ ‘+ 14 4 S48y $u0000s0 .saatads 211 1 AL*1+.*. - 0
: ‘l' Tv I'+ ’Y" [} "1 v VV. L AL 4 g vom,y'*l]Y * * :
-300 :—l | + l 3-30

ADIT
o

600 E +4-60

nnnnnnnnnnnnnnnnnnnnnnnn

i1 a3l ' I
2 10 30 500 1000 1500 2000 2500

[Planck Collaboration; 1807.06209]
Possible hints for New Physics:

- (9 — 2),, anomaly

- flavor anomalies Ry (1) and R+ (BaBar, Belle, LHCb)

- DAMA/Libra annual modulation®?

- Cosmic ray positron excess (PAMELA, FermiLAT, AMS-02)
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Portals to New Physics

- Can build three renormalizable dim 4 portal interactions from the
SM singlets'H H ,[BH and By, by combining them with
Dark Sector singlets

Higgs Portal lhs &S SH H

Neutrino Portal YN LHN

—E—YBWXW Y < Requires new U(1)x
2 - symmetry

- Plus non-renormalizable dim-5 portal interaction:

GZgg aTr[G,, G|

Axion portal



A New Dark Symmetry

SM fields remain uncharged under the new U(1) symmetry.

SU3)e x SU©2) x U(1)y U(1)x



The secluded Hidden Photon

M2

1
S X X = ga S X

L= Lon— ;X X" - %BWX‘“’

[Holdom; PLB 166, 196 (1980)]

Minimal choice is pure secluded U(1) symmetry with

T =0

Kinetic mixing term can be diagonalized by a field redefinition.
For light bosons (M4 < My ~ O(v)):

A —s AP — A = eA Jh —

Hidden Photon couples to EM current suppressed by € !



Secluded U (1) x - current status
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e New LHCD results
m z [1910.06926]
: Secluded |
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Secluded U (1) x - future sensitivity
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Anomaly-free gauge groups

Certain SM fields are charged under the new U(1) symmetry.



Charging SM fields under extra U(1)

Four extra anomaly-free groups within the SM:

B-L

charging
quarks &
leptons

charging 1st & charging 1st &  charging 2nd &
2nd generation 3rd generation  3rd generat
leptons leptons leptons

+ Loop-induced mixing is unavoidable!
However, it is finite and calculable for L; — L;:

€i;(q%)
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€ij (0°) v 1
= : FYF,,
3eqgii [ 2 ¢ ¢*x(x —1
~ 692]/ drx(1 — x)log (m; q2a:‘(x )>
472 |, m: + ¢*z(r — 1)




Example1: searches for U(1)g_r.

1 1 - _ _
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B—TL SQ”Y Q+3 3

- Gauge couplings to all fermions
Loop-induced mixing practically irrelevant

- New feature: sizeable couplings to neutrinos
E.g. scattering of solar neutrinos (Borexino) off electrons

—
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B — L - current status

iy

E141 .- Texono

LHCb probes beyond BaBar
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- - future sensitivity
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Example2: searches for U(1)r,, 1.

’T

Jo = B! Lo+ ar! "R B3l Ll ! R

- Large coupling hierarchy of loop-induced kinetic mixing to gauge
coupling:

LR ba log <&> ~ O(1072)

9ur T my,

- Couplings to electrons and hadrons strongly suppressed
Typical collider and beam dump searches become insensitive

What about LHCDb?
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- Neutrinos and muons become important!

§ ,
N U

[Altmannshofer et al., 1406.2332] [BaBar, 1606.0350; CMS, 1808.03684] '


http://arxiv.org/abs/arXiv:1406.2332
http://arxiv.org/abs/arXiv:1808.03684

L, ! L, -currentstatus
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Lu | L, - future sensitivity
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Pseudo-scalar decays!
[Krnjaic et al.; 1902.07715]
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Opportunities and Challenges

“IWe choose to go to the moon In this decade and do the other things, not
because they are easy, but because they are hard [...]”
— John F. Kennedy
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Leptonic forces - Four lepton searches

. 2
(q@! "PA") " 1?)52 O(fb)

(@MA ! 20GeV

My [GeV] My [GeV] K



Muonic forces - Pseudo scalar decays

Ly! Le Ly! L,

3 @ AL o@1) O
# |
W' A"l BR, A" ee  O(1) \O(")# 10 ¥
- A o) o) \
u, Golden channels for (g-2)

- Test muonic forces in decays of PS decays with O(1) BR into
muons: ™ — prr, BR~100%
K* 1 ui!pl BR " 64%

- Can we make use of copious production of | , K @ LHCb?

Ox 2
10 4

BR(K* | pfl, A" 10°8...10 ¢

(CMS) Ot - = 26.0 = 0.3 (stat) &= 5.0 (syst) = 1.1 (lumi) ub.
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EvVen more crazy 1deas




Muonic forces - Meson decays

- Can we make use of LHCb’s good resolution of B- and D-

decays M M
w . u

BR I M [GeV] g,

DO1I KO 1" " 4(12)% 1.266 (0.867
D1 KO =" 9 (5% 1.266 (0.872
Bo1 DM 1" " 2(5)% 3.304 (3.164

B+ 1 DO =" 2(6) % 3.309 (3.167

—» Much higher mass reach than Kaon and Pion decays!
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Muonic forces - Vertex corrections

- \ertex correction at the Z-pole: EW precision

.
Z Powerful constraints from
4 =% 7 line measurement @ LEP

.

-+ Can we observe deviations in Pion or Kaon decays”

*

E.g. deviations from SMrate K* I p* |
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And now
for something
completely different...




DM Deep Inelastic Scattering @ LHC

- E.qg. light stable DM (Z2-symmetric) coupling to Higgs portal and

gluons 1 C

L=1!21,"*H H +

> =" TGy GH ]

- Produce In Higgs decays on threshold; scatter off detector
nucleus (typically Fe or Pb)

V5= /2M\ E, ~ O(100) GeV
|

— Signature: appearing jets with E; | O(10" 100) GeV

In progress with Martin Bauer, Peter Reimitz, Tilman Plehn 2



DM Deep Inelastic Scattering @ LHC

Log(NV)

- |s this feasible?

- Need interaction with

A <10 GeV 6

T
2
- Very limited production £
via Higgs decays! =
QO
%
. S 3
- Include new mediator > >
coupling to gluons 5 __
S = |
7 E, =62.55 GeV |
L I ' Sl 82" 2 + gSgg S Tr[Gp" Gu"] “““““““ L 7
Log(Agn)

In progress with Martin Bauer, Peter Reimitz, Tilman Plehn 24



Conclusions



Conclusions

- Gauge couplings to SM particles can dramatically reshape the
landscape of HP constraints.
=P |Jse full complementarity of experimental searches!

- Neutrinos important to test more general models of gauged U(1)

* Meson decays could close the (9! 2), gapin U(1)L .,
obut might be more general probe.

- DM with hadronic couplings might be testable in DIS with soft
hadronic jets iIn ECAL and HCAL.

Thank you for your attention!
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L, ! Le -current status
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!—_u ! L@ - future sensitivity
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Le! Ly - future sensitivity
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