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10cm Results & Axion Likelihood

Nick Rodd
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The Race for the Axion

Nick Rodd - ABRA-10cm & Axion Likelihood
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Source: Gray Rybka, TAUP 2019
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First result from 
ABRA-10cm!

[Ouellet, NLR+ PRD 99 (2019) 052012]
[Ouellet, NLR+ PRL 122 (2019) 121802]

Source: Gray Rybka, TAUP 2019
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30 km/s

220 km/s

0.5 km/s

Dark matter leaves a unique 
fingerprint in the data

Exploit with a Likelihood

Dark Matter’s Fingerprint

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Modified Ampere-Maxwell equation
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2 ⌧ 1
<latexit sha1_base64="UuH80wMND8CcynodR5fXbbDotxU="></latexit>

• Displacement current suppressed for small axion masses
• For details: [Ouellet, Bogorad PRD 99 (2019) 055010]
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Proposal from [Kahn, Safdi, Thaler PRL 117 (2016) 141801]
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!17Nick Rodd - ABRA-10cm & Axion Likelihood

- In Theory

r⇥B = Je↵ = ga��
@a

@t
B

<latexit sha1_base64="+wEw0T29JtJyyV02lcP8nn9xtQ0="></latexit>

B0
<latexit sha1_base64="zOfWM7FJemgwyrSh9mwBo5UpgQc=">AAACHnicbVBLS8NAGNzUV62vqEcvwSJ4kJBUqx6LgnisYB+QhLDZbtqlmwe7G6GEgP/Di3/FiwdFBE/6b9wkFbR1YGGY+fbb2fFiSrgwjC+lsrC4tLxSXa2trW9sbqnbO10eJQzhDopoxPoe5JiSEHcEERT3Y4Zh4FHc88aXud+7w4yTKLwVkxg7ARyGxCcICim5ajO1iyUWG3pOauhGgSNDb55OSalkdgDFyPPTi8w1Mlet/xjaPDGnpA6maLvqhz2IUBLgUCAKObdMIxZOCpkgiOKsZiccxxCN4RBbkoYwwNxJi2SZdiCVgeZHTJ5QaIX6+0YKA84ngScn85B81svF/zwrEf65k5IwTgQOUfmQn1BNRFrelTYgDCNBJ5JAxIjMqqERZBAJ2WhNlmDOfnmedBu6eaw3bk7qrav7so4q2AP74BCY4Ay0wDVogw5A4AE8gRfwqjwqz8qb8l6OVpRphbvgD5TPb/hcnxc=</latexit>

Je↵
<latexit sha1_base64="i4Hndl5KV+xeOWoi9hbzgn5frH8=">AAACJnicbVBLS8NAGNzUV62vqEcvi0XwICWpil6EgiDiqYJ9QBLCZrtpl24e7G6EEgL+Fy/+FS8eKiLe/Clumha09YOFYWb229nxYkaFNIwvrbS0vLK6Vl6vbGxube/ou3ttESUckxaOWMS7HhKE0ZC0JJWMdGNOUOAx0vGG17neeSRc0Ch8kKOYOAHqh9SnGElFufpVak+WWLzvOalROzfyOTFqxgwUTGYHSA48P73L3NTmASS+n2WuXp054SIwp6AKptN09bHdi3ASkFBihoSwTCOWToq4pJiRrGIngsQID1GfWAqGKCDCSScJM3ikmB70I65OKOGE/X0jRYEQo8BTzjysmNdy8j/NSqR/6aQ0jBNJQlw85CcMygjmncEe5QRLNlIAYU5VVogHiCMsVbMVVYI5/+VF0K7XzNNa/f6s2rh5KuoogwNwCI6BCS5AA9yCJmgBDJ7BKxiDd+1Fe9M+tM/CWtKmFe6DP6N9/wDFCaLC</latexit>
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<latexit sha1_base64="jN/vLUKhQrRlndu06NaYQBtKFVI=">AAACHXicbVDNS8MwHE3n15xfVY9egkPwIKXdBu44FMTjBPcBaylplm5h6QdJKoxS8O/w4r/ixYMiHryI/41pt8PcfJDweO+X5OV5MaNCmuaPVlpb39jcKm9Xdnb39g/0w6OuiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6XmT69zvPRAuaBTey2lMnACNQupTjKSSXL2R2sUlAz7ynNQ06lbzYmHPoN0eUze1AyTHnp9eZS7KMlevmoZZAK4Sa06qYI62q3/ZwwgnAQklZkiIgWXG0kkRlxQzklXsRJAY4QkakYGiIQqIcNIiWAbPlDKEfsTVCiUs1MUTKQqEmAaemsxTimUvF//zBon0m05KwziRJMSzh/yEQRnBvCo4pJxgyaaKIMypygrxGHGEpSq0okqwlr+8Sro1w6obtbtGtXXzOKujDE7AKTgHFrgELXAL2qADMHgCL+ANvGvP2qv2oX3ORkvavMJj8Afa9y88KKCb</latexit>

Pickup loop in 
the centre reads

Proposal from [Kahn, Safdi, Thaler PRL 117 (2016) 141801]
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Ba
<latexit sha1_base64="1UKIiRjwKkH+vU00QgubC3Tx0ag="></latexit>

- Experiment

Proposal from [Kahn, Safdi, Thaler PRL 117 (2016) 141801]



!19Nick Rodd - ABRA-10cm & Axion Likelihood

B0 = 1 T
<latexit sha1_base64="eBVRVgkY6UsO6eR4vESjHHPCGXc="></latexit>

- Experiment

12 cm
<latexit sha1_base64="lCFqvgBMSxDRUjfEC5S5bVGXCyk=">AAAB8nicbVDJSgNBEO1xjXGLevTSGARPYSYKegwI4jGCWWAyhJ5OT9Kkl6G7RghDxJ/w4kERr36NN//GznLQxAcFj/eqqKoXp4Jb8P1vb2V1bX1js7BV3N7Z3dsvHRw2rc4MZQ2qhTbtmFgmuGIN4CBYOzWMyFiwVjy8nvitB2Ys1+oeRimLJOkrnnBKwElhUH3MO0ZiKsfdUtmv+FPgZRLMSRnNUe+Wvjo9TTPJFFBBrA0DP4UoJwY4FWxc7GSWpYQOSZ+FjioimY3y6cljfOqUHk60caUAT9XfEzmR1o5k7DolgYFd9Cbif16YQXIV5VylGTBFZ4uSTGDQePI/7nHDKIiRI4Qa7m7FdEAMoeBSKroQgsWXl0mzWgnOK9W7i3Lt5mkWRwEdoxN0hgJ0iWroFtVRA1Gk0TN6RW8eeC/eu/cxa13x5hEeoT/wPn8A8ziRdA==</latexit>

12
cm

<latexit sha1_base64="lCFqvgBMSxDRUjfEC5S5bVGXCyk=">AAAB8nicbVDJSgNBEO1xjXGLevTSGARPYSYKegwI4jGCWWAyhJ5OT9Kkl6G7RghDxJ/w4kERr36NN//GznLQxAcFj/eqqKoXp4Jb8P1vb2V1bX1js7BV3N7Z3dsvHRw2rc4MZQ2qhTbtmFgmuGIN4CBYOzWMyFiwVjy8nvitB2Ys1+oeRimLJOkrnnBKwElhUH3MO0ZiKsfdUtmv+FPgZRLMSRnNUe+Wvjo9TTPJFFBBrA0DP4UoJwY4FWxc7GSWpYQOSZ+FjioimY3y6cljfOqUHk60caUAT9XfEzmR1o5k7DolgYFd9Cbif16YQXIV5VylGTBFZ4uSTGDQePI/7nHDKIiRI4Qa7m7FdEAMoeBSKroQgsWXl0mzWgnOK9W7i3Lt5mkWRwEdoxN0hgJ0iWroFtVRA1Gk0TN6RW8eeC/eu/cxa13x5hEeoT/wPn8A8ziRdA==</latexit>

• 10cm experimental parameters
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- Experiment

• 10cm experimental parameters
• Experiment exists!



!21Nick Rodd - ABRA-10cm & Axion Likelihood

- Experiment

• 10cm experimental parameters
• Experiment exists!

Experimentalists for scale

Shielded and cooled < 1 K
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- Experiment

• Data: 1 month magnet on; 2 weeks magnet off; 10 MS/s
• Collected in the broadband readout (add resonator in future)

• For a discussion of optimal readout: [Chaudhuri+ 1904.05806]

SQUID noise floor

[Ouellet, NLR+ PRD 99 (2019) 052012]
[Ouellet, NLR+ PRL 122 (2019) 121802]



• Data: 1 month magnet on; 2 weeks magnet off; 10 MS/s
• Collected in the broadband readout (add resonator in future)

• For a discussion of optimal readout: [Chaudhuri+ 1904.05806]
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- Experiment

SQUID noise floor

Is there an axion hiding in this data?

[Ouellet, NLR+ PRD 99 (2019) 052012]
[Ouellet, NLR+ PRL 122 (2019) 121802]
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]

• Experiments all sample the local axion field

a(t) =
NaX

i=1

p
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Axion PSD inherits an exponential distribution
• Can include Gaussian backgrounds
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Analytic sensitivity: Asimov
• [Cowan+ EPJ C71 (2011) 1554]
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Analytic sensitivity: Asimov
• Disentangle DM’s fingerprint
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Analytic sensitivity: Asimov
• Disentangle DM’s fingerprint
• Analytical look elsewhere effect
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- Likelihood

[Foster, NLR, Safdi PRD 97 (2018) 123006]
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• Analytic sensitivity: Asimov
• Disentangle DM’s fingerprint
• Analytical look elsewhere effect
• Analyse experimental datasets!

• Establish rigorous 95% CL limits
• Establish 5 !  discovery thresholdσ



!34

• ABRA data + likelihood framework

• ~10 million mass points, down sampled by a factor of 104

• 87 5 sigma excesses - all seen in magnet off data, so vetoed
• ~30% of the data removed due to large amounts of noise

• Confirmed this did not bias our analysis via injected signal test
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-           & Data

[Ouellet, NLR+ PRD 99 (2019) 052012]
[Ouellet, NLR+ PRL 122 (2019) 121802]
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• Statistics in action:
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• Look elsewhere effect is included
• Extremely well described by Gaussian noise

[Ouellet, NLR+ PRD 99 (2019) 052012]
[Ouellet, NLR+ PRL 122 (2019) 121802]
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- Future
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- Breaking News

• In the process of forming a collaborative effort with DM-radio 
to construct 1m3 experiment capable of probing the QCD axion

• Project has funding to begin engineering studies at SLAC
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• Lots of exciting axion data in the coming years
• In particular, new results from ABRA-10cm soon!

• A likelihood framework allows a rigorous analysis of the data
• Uncover dark matter’s fingerprint
• Unique effects when look at multiple experiments (ongoing)
• Tools are public: https://github.com/bsafdi/AxiScan
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