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- How atoms respond to general dark matter-
electron interactions = | |

' Dire‘Ct Searcheé for subiGeV'_DM via.
EIectron scatte'rings | |

. General DM- electron mteractlons and
atomlc responses
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Dlrect Searches for sub GeV DM
\E electron scatterlngs '
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Direct Detection of Dark..Matte'r E elettron recoils

Instead of nuclear recoils, search for DM-electron.interactions.

X Y4
p p'=p-q
Excitation. - ) lonization
Different kinematics from nude.a‘r' recoils: - Nuclear recoils:
Eénax o l//l)(NVZ | g 3 CV ( m){ - > - “ - EY :myE)(
Wl ~ MeV y v 44 < 1 for m, < my
Lowest DM mass to excite/ionize an electron in..
..anisolated atom: .~ . ..a semiconductor:
Ep~10eV = mM'~3MeV " SN, Eg ~leV = m);nm~300kev
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https://arxiv.org/abs/0907.3159
https://arxiv.org/abs/1108.5383
https://arxiv.org/abs/1508.07361
https://arxiv.org/abs/1509.01598

‘DM induced electron ionizations
n: Target -eIectre_ns ate bound states: |
jEIect_rohs are not in a momentum eigenstate.

« Examiple: lonization spectrum for isolated atoms:

dRion- 1 '0)( z <d -10n >
dEe' mN ){I .

N dE,

nl

d{ottvy
dEe 8/4; 7 quq ‘FhM(CI)‘

ji’Z,’n(k’ q)\ Vin( AE, )
Predictions require the evaluat'ion of an

There is still theoretical uncertalnty in the evaluation of the |on|zat|on
form factors

e For crystals‘, fthis requires. methods from condensed matter physics.
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https://arxiv.org/abs/1904.07127
https://arxiv.org/abs/1812.11759
https://arxiv.org/abs/1509.01598

Atomlc |on|zat|on form factors
: Target electrons are bound states.

The electron transmon IS descrlbed by a |on|zat|on form factor”:
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General DM electron mteractlons
and atomlc responses
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The “Standard Model” of direct searches for sub-GeV DM
Ex-’tend the SM by a DM pafticle and a U(l)Ag’aug'e gr'o.up with kinetic mixing.
. s UTYy | 1 Al ‘2:/ ‘W "/,w
ZLp=x0y"D, —m,)y + ZF”VF + mA,AHA L+ EF.P‘”F ,

o Scattering amplitudes only depend on the momentu'm transfer.
Transition rate between two electronic states 1 — 2:.

5.

RI—>2 X

d3k 2 ST ‘
J(Z]Z')S 1/12(1( * q) ﬂfree(Q) llfl(k)

The DM and atomic physics “factorize” convénienfly.
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https://www.sciencedirect.com/science/article/abs/pii/0370269386913778?via=ihub

Effective de’stripﬁcjn of DM-electron scatterings

General non-relativistic amplitude:

'

_ _ : .‘ ‘2 | '
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| Eff'ective operators
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»

A general expression (0] § the event spectrum

The general scattering amplltude /%ﬁee(q, ) depends on the initial electron S

momentum K via |
| | ol p’) (& +K)

el

2m 2m

9% Rt

The.am_p_l'itude can no Ionger'be taken out of the integral; :

Ry,

[k
J (2 ) 1/12( =T q) ﬂfree(Qv )Wl(k)

The ene.rgy spectrum can be written as

ng;' fics [d Jd3 f( )@( ) /%f e
e il s A% v o )
dInE, 1287 mm? 14 Vimin) | #ion|

Using the general effective amplitude, the ° |on|zat|on amplltude canbe.written as

e

|ﬂ?§1 ZRM< el’_> x Wr(k, q).'_‘ |
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‘The four atomic response functions Of x_ehOn'.S_'.p |
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Exclusion limits on individual operators or BSM models
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Summary

DM-electron scatterings allow direct searches for sub-
- GeV DM masses. |

So far, only one class of DM- electron mterachons has
‘been studied.

General interactions give rise to new atomic response
functions. - |

We studied the-example of isolated ' ‘and
“atoms and derived first constraints based on
DarkSide-50, XENON10, and XENON1T.

Outlook
DM-electron interactions could probe com,pletely new,:
so far hidden properties of materials. |

Apply the idea to more complex targets:--
semiconductors, Dirac materials, liquid nobles,...

Study of atoms as a 'starting point of ah interdisciplinary
program with many interesting directions to go.
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The four atomic response functions

The general interactions give rise to four atomic response functions:
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C-onstructed from the scalar and vectorial atomic form fattor: |

REN?

(2m)?

d’k

.(2,;)3

fron(@) = J WK+ QUK F (@) = [ Vi K @) = ()

e

23.11.2020 Partikeldagarna 2020 ‘ Timon Emken, Chalmers University of Technology 15



