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Neutron Lifetime

®Neutron discovered almost 90 years ago

®Lifetime roughly half the duration of seminar
®Simplest example of B decay

®(Can extract Vud without nuclear matrix elements
®Lifetime uncertainty : uncertainty in Helium abundance

predicted by BBN

®How accurately do we know it? - two ways to measure



Beam Method
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®Lifetime measured by counting protons from B decay of

cold neutrons (40 K)
@/ neutrons inside trap, counted by subsequent LiF deposit
®Protons trapped inside through E & B fields

®Subsequently accelerated and counted



Bottle Method ®
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¥

0.8 T at 2-mm

Source: UCNtau

® - trap for measuring UCN lifetime

® Trapped neutrons measured often



Bottle Beam disagreement ®

.O@E.l
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Average beam result:

888+2.1 seconds —\

+ Average bottle result:
879.3+0.75 seconds\
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Possible BSM explanation?

®Beam measures protons, hence only B decay

®Bottle measures inclusive

®BSM decay channel? -1801.01124 Fornal & Grinstein
®Highly restricted parameter space: larger nuclei stable

®Can neutrons in trap scatter with DM and disappear?



Scattering with DM ®

RowB RowA

¥

0.8 T at 2-mm

Source: UCNtau

® - trap for measuring UCN lifetime
® DM can kick neutrons off trap affecting measurement
® - DD detector with small exposure

® How much and what cross-section do we need?



Bottle results

rap potential eV

Pattie Jr 18 [2]

P. Serebrov 18 [17] UCN

ARZUMANOV 15[18]
STEYERL 12[19]
PICHLMAIER 10[20]
SEREBROV 05[21]

grav + magnetic
no extrapolation
grav —oil
double bottle
material bottle
material bottle

grav+oil trap

877.7+0.74 0.4/ — 0.2

881.5 = 0.7 = 0.6
880.2 = 1.2
8832.0 = 1.4 1.5
880.7 = 1.3 = 1.2
878.50 = 0.7 0.3
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How much DM?
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®This is no ordinary virial dark matter

o =5.35x 10" *cm”

®\Where have we seen DM with large x-section and densities?

®May 04 2020 Maxim Pospelov’s talk on metastable isomers



Models with large cross-sections



|
Large x-section: Model Variations

®Heavy quark - SM quark hybrid hadrons with strong interactions
®|nspired by Gluinos -

®Milli-charged particles
®Recent interest due to EDGES anomaly

®Blobs with large long range force

®Why are these models alive?
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Atmospheric/Rock overburden stops DM from reaching experiment

with enough kinetic energy




What happens to the shielded DM?



Dark matter accumulation

®\With large x-sections, O(1) capture on earth

®(Can lead to large enhancements

n At R?
) = 72 .> ~ 4/%53
vir E

® Thermalized with Troom= 0.025 eV

voir Te ~ 2.2 x 1010

®Does not show up in traditional DD

®But how much collects near the surface?



Evaporation

DM below GeV rapidly evacuates since
thermal velocity is larger than escape velocity

Vth> Vesc

0.010  0.100 1
mq(GeV)

100
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Equilibrated population

®gravity, temperature, density variations on earth
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DM heavier than 1 GeV sinks
DM lighter than 1 GeV evaporates



Detection Strategies

Cryogenic Detectors (ongoing)

lectrostatic accelerator Neutron Bottle

Millicharge DM

Nuclear Isomers

Strongly interacting
DM

Composite DM

Ongoing This talk



Candidate for neutron bottle

®Dark Matter very slow: 300 kelvin or KE~ 0.025 eV
®Higher than neutron bottle trap ~ 50 neV

®Huge Number densities and x-sections

®Perfect for explaining neutron bottle

®Couple to SM with long range force

®|ncreased x-section at low momentum transfer



Composite DM

®Confined dark sector forming blobs with large Nt

fermions f

®Easily have large charge ghiob >>1 under a long

range force A (ma ~ 10 eV)

®Couple A to SM through neutron dipole moment

1 , _
L2 FnowysFyn+ flmy + Dy f+ m A7



Large self-interactions ®

®Large DM-DM interactions

®Coupling large enough - incoming DM trapped

®|ntermediate regime - some trapping

subsequent ejection due to self-interactions with virial population
®|nvoke blobs of different sizes

heavier population traps lighter population

®5eed population effective at trapping subsequent virial DM



Large self-interactions

®Masses > GeV sink
®Self interactions can arrest this

®Repulsive PE ~ Temperature
2
9blob €

— TN ATint

— Troom

®Maximum density anywhere

2 % 1013 ( ma >8 log 104 ***
Nmax ~
cms 10 eV log gp

®Can prevent sinking and cause uniform density



Blobs and Long Range ®

®Blobs have non-zero radius

3 4 9

Rion = Nf _ X?Yplob
= — =

Ap Mblob

®(Coherence at low momentum

®Long range force further prefers smaller

momentum transfers



Parametrics

|
LD K”UW%F“ n+ f(my + D) f+miy A°

Cross-section to scatter the neutron from the trap is given by,

do
Oneut — /dQQd—qZ

Integrated between

— Min (R} s
Qmin = \/ 2B apmy, = 9eV. And Imax = ( blob? M th)

To obtain,

498101, 108 (77%24 T qr2na,x)
mA2v2, log (m? + ¢2:,)

_ M plob
~ 10 34(3111 gblob GeV LR(Qmin)

Oneut —

Finally,

7.1 x 10 ( GeV >i 1014 /cm3
gblob ~
v/ Lr(9eV) \ Mbiob Nsurf



An explanation?

DM blobs made of DM fermions
Blob charge: gpiob
Neutron dipole moment: below SN bounds

500

1000
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Measuring DC heating ®

®Dilution refrigerators ubiquitous in (ultra)cold

experiments
®Local DM deposits energy on component kept cold
®Stability of cold component can set limits on DC heating

®Current Limit: 63 nW/mole in copper - private

communication - Billard & Pyle



Best limits on DC heating  ®

Current limit from dilution fridges
private communication - Billard & Pyle
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Ongoing work, 10-12 Watt (surface), 10-1¢ Watt (deep UG)
with J.Billard, M.Pyle, SR




Conclusions ®

®Persistent discrepancy in neutron lifetime between bottle
and beam methods

®large accumulation of DM blobs possible due to large
interactions / self interactions

® Thermalized Blobs can kick neutrons out of bottle
explaining the anomaly

®Future cryogenic detectors can test parameter space



Thank you



Backup



Equilibrated population

DM heavier than 10 GeV sinks
DM lighter than 1 GeV evaporates



Heavier population

®5inking not immediate:

®Diffusion
Uth

hnrock oT

Udiff —

® Terminal velocity is set up
3m g1’

Uterm —

méasngas <0TU3>

®Traffic Jam on the way

Nqdiff(term) Uyir

Tdiff(term) =
Nvrir Udiff(term)




Heavier population

Contact interactions

M, =100 GeV

10~2° 1028

ArXiv: 1907.00011

Transfer x-section saturated by size of rock nuclei




A ceiling for large coupling

Spin-Independent Scattering, f, = f,

10—24

XQC - Rocket

Surface/Deep UG

® Ceiling: DM thermalizes in
overburden




