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GENERAL STRATEGY

Lay = _Zgay FHY kv a

HALOSCOPE DISCOVERY LSW FOLLOW-UP

[Van Bibber et al. (1987), Arias et al. (2010)]

[Sikivie (1983)]
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[Irastorza (2021)]
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mg, measured with extreme precision. Pure laboratory experiment to measure g, .
[O’Hare & Green (2017)]
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OPTMIZING LSW SETUPS

[Van Bibber et al. (1987), Arias et al. (2010)]
Single long magnet not sufficient to probe the QCD band (coherence is lost when L ~ 2w w/m32)

y=m>l(1+6)/4w

o 1/N /2 )
2 Optmize magnet configuration = Alternating magnets
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SENSITIVITY FOR BENCHMARK SETUPS

Setup B [T] a [m] £ [m] Amin [m] P W] B, B A[nm] e 7 [B] b[s7'] 220pe [km] Serit Avoid clipping losses:
S1 9 13 40 20 3 10°  10° 1064 0.95 100 107* 2x94 186.42 )
S2 11 1.8 100 3.0 3 10° 10° 1064 0.95 100 10~* 2x 181 186.42 N 1064 nm a
01 9 13 40 20 300 10°  10° 1064 0.95 5000 10°°  2x79 172.55 Zopt = 94.2 km 1 13
02 11 1.8 10.0 3.0 300 10° 10° 1064 0.95 5000 107° 2 x 152 172.55 O M
g I IIIIII| I | IIIIII| I I IIIIII| I I IIIIII| I I IIIIII| I I IIIIII| [Arias et aI. (2010)]
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CHALLENGING REALIZATION

costo  Long tunnel + many strong magnets = 0(100) GEur
™ Grose (2021)] [Calvelli et al. (2020, 2023)]

. L0 IMprovements in the optical setup can help:
107" - pick the cheapest solution!
o0 107t
'g - ] TAKE-AWAY MESSAGES
?g; 102 ¢ HyperLSW experiments sensitive to KSVZ axions
with 3 ueV < m, < 45 meV.
10-14 - "
i Very costly, error control and magnetic field profiling
required.
1071 ! [ 107
0% 105 10¢ 100 10?2 10  BUT No technological breakthroughs needed and
My [eV] infrastracture useful for non-axion physics!
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BACKUP
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FORM FACTOR

[Arias et al. (2010)]

1 L . m?2
P= ) & fee 4= 1w — P —mE (Dt 2
* General configuration
Fo o (2:6) = sinc(z) tan (nsy) [ sin (nsngy) if ng is even
Mamgl TS ngns  sin(y) cos (ngng y) if ng is odd
where sinc(z) = sin(z)/z, x = ¢4/2, y = z(1 + §), and 6 = A/L
i — M Fns,ng(x§5) 1 N 2
Maxima close to T = ope 1 o) orkeNo Fr1(z;9) nosin (/o) | = 7 @7 %)
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1 OPTIMAL SETUPS
= 10'f _Slm Wwf | At large masses we modify £ — £’ to maximize
o | the single magnet form factor.

1070 | ;

Fl,N(x) - Fi1(x) (x> xy)

F; ; = sinc(x)

_ (2k+1)m
 2ng(1+9)

(1) ¢(1+6)=2'(1+6")

Tk for k € Ny

sinc(x") maximized at

(2) zp = g +k'nm for k' e N

£I

where x' =g 5

- 1> Find the largest ¥’ < ¢

1] ! N

104 0 102 10!  satisfying (1) and (2).
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SENSITIVITY

P/l'l' 2
S = geffT ﬁg B Pyea

S
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Signal threshold for precision II: Scrit = 39 12 (1 + \/1 + 64BH2)

= 2%
/\/

Setup B [T] a [m] £ [m] Auwin [m] Py (W] B, - Alnm] eor 7 [0] b[s™"] 2z0pe km[ Ser )

S1 9 13 4.0 2.0 3 10° 10° 1064 0.95 100 104 2%x94 186.42
S2 11 1.8 10.0 3.0 3  10° 10° 1064 0.95 100 107%* 2x 181 186.42
01 9 13 4.0 2.0 300 10° 10° 1064 0.95 5000 10~ 2x79 172.55

02 11 1.8 10.0 3.0 300 10° 106 1064 0.95 5000 107% 2 x 152 172.55
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OPTIMAL LENGTH

[Arias et al. (2010)]
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Fraction of power transmitted through a circular
aperture of diamater a: 1 — e~4°/2W*

L~Z7

/

»Y e
> <

Y

A

waist

Jsens X L7172 = [71(Bgt + 6_5)1/2 m) Minimumat e~¢ (Z 1) —B5t =0, (=ma?/42Z

B =By =10 2zy, =~ 94.2km

A 1.3 m

1064nm( a )2
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Setup B [T] a [m] £ [m] Amin [m] Py [W] By Br A [nm] eeg 7 [h] b [s_l]QZzopt [kmD Serit
S1 9 1.3 4.0 2.0 3 10° 10° 1064 0.95 100 10~% 2x94 186.42
S2 11 1.8 10.0 3.0 3 10° 10° 1064 0.95 100 107%* 2x 181 186.42
01 9 1.3 4.0 2.0 300 10° 10° 1064 0.95 5000 10° 2x79 172.55
02 11 1.8 10.0 3.0 300 10° 106 1064 0.95 5000 107% 2 x 152 172.55
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