i4imt FEXT Herriott fx %% R 83 & F 84 1L BI 2
BRE SWE BFF HER EXT N R
\]Ezl)ﬂ)

1) CHEEGRECRFRI A R G, Kb 410073)

2) (BT ERNESEARMEEE SRS, K 410073)

3) (MBI HER AR, Kb 410119
4) CGEMRZYEL R, K3/ 130012)

W=

Herriott 2 [ 3R 2 305 1E K SR 761 E H B AT sl Az S 5
(BAERE IR FEAF AL, 3 2030 A8 2 TROR 2 1) A 35 50 150 1 41 v 2 )
SO o A SCEEST T REA G EEAE R Herriott 2 SO IR 14 14X 1 2 (R A& A
B, I H R BB M RE I 0 P SR o 45 IR, AT 220 0 KA A 1
FLHRMA N FH B — Lorentzian £ 4748 9 22 A~ J5) 18 Lorentzian 7 [A] IR AL S
. M5 e e ke % 2 JE Lorentzian WiAF ., SZIGLE KR, B mBHEE
FEORWCE T FTRARUR S50, FFREREZE TR N . (IR R PRAIK A
GRS AR, AE 22 S S A ) IR R BRI A A v o B A A TR IS
DR R RRFE A RN, o B 3 B AR Bl A SRR R E
M-SR I ERFE AR TR . S AR 1 2 SO a5 e e 25 S8
JER DL AR R, N2 SO E RS IR L T 2% .

KRR JRTROIG PR, Herriott 2 TR
PACS: 07.55.Ge, 32.80.Xx, 33.25.+k

e HFEHREI S GRS U23B2066, 12174446) FIWiEd A A B HER 234
(HEHES: 20237710050) % B 5% .
+ {E/EZ. F-mail: maxborn@nudt. edu. cn

#F—1E#. E-mail: zhengjintao20@nudt..cdu:cn

1 5 =
TSR PR T AR Rk 0 3 S S REA 2RI, 32 P T2

Rt RS A R RO SR A A 55 B e 4 e T S5 00, HAE REAZ


mailto:maxborn@nudt.edu.cn
mailto:zhengjintao20@nudt.edu.cn

JrEsh IR OB R M Y SIS R 4, e A gkt 2 <k
SEAFIIN PRI BT SO AR LSS H) 2 B IR & 0E . (5518
FER e 4 RABUE

FEOL AR TRl e SR TR AR, SR, ORISR RS, Jesrlieds
55 BEERIN G 5 SR BT A O ELAE A BER Iy g oo PRI L 22 s S 5 TT 4
SINFN G R AE, EARKI BRI NERAROCRE, #imiETHes
BEHUEMREL . 22 SO AR IR TR DO S RSOl 20 e, e — il

&

KA RO & 5 5 WA RO, 9140 Sheng 55 N 1P/ Rb 2622
S RARRBE T, R 0.54 T/VHz MR RBERY . K= RIET 2 I E5H
KB EWE I, Lucivero 58 NAE BN 2 IO AR 1 IS el A e ol i 4R
JEIRIH T R T R EE, 1T R IERNDG Y Faraday JEH 72 M A R 452 A AAEAR I,
#4597 10.1 T/ (emv/Hz ) FIEE R P Yu. Sheng 45 N7/ Herriott /S
=, FHPIANAT Bell-Bloom ZRIH 1R 1 RER, s 1 386 EEREL ) #isath
FEKE ORI ER . Bhhl, AHIRWE UL HE 2 Mk T 22 S5 G54 0 SR 3R 0
W S

FUAT, B0 D0 22 S 540 AR DT 7 3 224 rP 7 38 Rl o3 H A
PEAIAL S 22 00 B BB S U5 T AL T, 223l B B i 22 [ R pR B i T 52
Wi AR SIS T AR R, 5Bk = R ST 1. ASCLAS A (Radio Frequency,
RE) YRS RO R T 1 S BN TERT R, GEAL T SRR 06 B N W LR o ) 4
AR, JFE AL Herriott 22 OB (R SCHEIKH] Herriott #530) 55
AR CAEAR D0 BN AR 8 22 5t o SRR D B R SO Y L AR L e L 2R 5
(L TRURE R AN SRR Iy e 7, DY A e A58 S Xt oo A 2 2 A SR U PRS2 o 38—
D EEEBRIETT A e LR . CCD OB RUR AT Herriott A5 2T PRl i 56 P 1 2

2



S AT S B R SRAE R A AR B AR M, JRIGUERE AR FE 7 AR R T . b3k
W9ty Herriott 22 [ B 5~ JJAXAE AR S Wb 37 0 558 A i 1 RE PR AL S A5 H Ak 1R
P T SBAK A
2 EBRKELSRHE
2.1 LRI E

ARSI SR FSOB RRFJR TR A2, A BR B EL () Fis. NS
WA, R REE T IR S SR E b, KA EIsgRm
#T7 R EINFAFIB0C, LR EYRbANE L . T mE M B, WRHL R 2
JrTE N, K/NZIN13.6 wT: REW x 7N, 5 B, 1IE38, T 3Ka0J5 1 H e
WA WK 795 nm A3 = 15t (DFB) 0G4 2236, R E S
i I 73 2 — B e ORI R R, IR 2 T N B R T, i s
T AR EE LI B 37 7 1) B ST e A o i/ NI DG s () AR 2 S0 S ER Y
B SE, Y WG HARZIN25 mm, A7 & PTAARE R SR
IR EEL N I mW em® , LUBE S B S IK T 3 R 58 . 8K 780 nm DFB ¥
TR A IR A &R 5, @ ARSI E RGN x TG, Ot
WHEARZ10.8 mm, JYGINFRAIN270 pW, SiFAEX T RbJE T D, 261541200 GHz,

LAk S5 AR E IR B 1(b) plros, BB IR R x 5 13— IR F R

i

% TEHerriottxU R, SRMDEHAL T E BRI AN Z IR, 955
5 LA TE AR N TR ORI IR 28 (R AE B 4% . SRBRAE A I U= i3 7
AL EAIPRb, I SEN Nay 47300 Torr. HLUE S = HHerriott % X 51 % H
Al —Httk %, BAMER Rb S %&M: fEHerriotti=U R, SRIDETES

= AR 23 REAT BB L B



B 1 SERESHEUABIEXNTEE @FBREREE; O)FRMERSZRBEIHTITE
SHERREE
Fig. 1. Schematic diagram of the experimental setup and probe-beam pass configurations: (a)
Experimental setup; (b) Schematic illustration of the beam-spot distributions for single-pass and

multipass modes
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Fig. 2. Absorption spectra and fitting results of the two modes under different transverse gradients:
(a) Herriott multipass mode data with Lorentzian fitting; (b) Herriott multipass mode data with
circular convolution fitting; (c) single-pass mode data with Lorentzian fitting.
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Table 1. Goodness of fit of two fitting models under different gradients.
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61.398 0.945676 0.998365
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Fig. 3. Comparison of response parameters of the two modes under transverse magnetic-field
gradients: (a) Resonance-center frequency shift; (b) Normalized central dispersive slope; (c)

Resonance linewidth; (d) Normalized comparison of characteristic parameters.
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Fig. 4. Comparison of equivalent magnetic-field noise amplitude spectral densities under different

transverse gradients.
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Fig. 5. Directional dependence of the linewidth and measured spot pattern: (a) Normalized
linewidth as a function of transverse-gradient direction; (b) CCD image of the output spot pattern.
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Fig. 6. Response parameters of the Herriott mode under axial magnetic-field gradients: (a)

Resonance-center frequency shift; (b) Resonance linewidth.
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TERAE, ANFIRAEAL B N A FJSI8 Larmor #1126, FEOLLEE % . 9F Lorentzian
M AL AN R T . M I — D 3R], 2 RN G BR AL TRR T RENS S ik
HREE, EAZH SRR R0 1KH -

B T3 TR e e SEB AT CCD BRI, SEPr Herriott Y/ A A7 £ — € EY
WAL E AR S, 22 51N A SRS 2 5 % v e P o i o s 52 00 e — 28 ]
Bt LM N2 A R b 22 G RE R E T HR L 7 1) 5 R TR pR 3 [ ok
5E o ANSCREY iR B 30 RS Rb 1 (K9 02 s AN B 33 . AR CLHRIE 1 Rb-No
P HARB Do 17 /P FEIEAREE R RO, THRARBIARSLS T BT5 Y BUKR AN
0.4 mm, ZY HUKES FBERNDEIR A R, (HE %/ T Herriott £ 4)
3.3 mm FIAERIEAAR . KR, ¥ HOAT et B A eI AW 22 7 AL 38 3
FEIFHE LRI TE, BAE— A AR T 18] A i AN A2 BASE 2 P B B O R
DSk ZE S, DRI AN S T B AR S 0 % 21 A ) 96 B2 Ji 58 AR Lorentzian 5
Ao Jy— U7, BRI AT IE L S B RO SN AL 5 R 2L T8, {HAE 300 Torr
e UEFMET, RN E LY R B RE R A BT 7, B RS
Pt B M2 T R L 99 T3 RS AR RNL o AR AT S S ™ AR 4K
FIEETH H e85, JHEUER M Bloch-Torrey 772, ST H. BEAlE 5AE5 510
TR G RNEEAT S BT

g EPR, T H BRI A LRI 2 SO IR TG4, AREDUESR
ERABOCHE, I8N PRI A RAE AR BCR T SRR T AT, DARRARRE I ES
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Abstract

Atomic magnetometers are sensitive tools for weak magnetic-field
detection. In alkali-metal atomic magnetometers, multipass cells can
extend the effective atom—light interaction length and enhance the optical
readout signal. Previous studies have mainly used such structures to
improve magnetometer sensitivity or to realize compact magnetic-gradient
measurements. However, the influence of the multipass sampling path on
the magnetic-resonance response in non-uniform magnetic fields remains
insufficiently understood.

In this work, we investigate the response characteristics of a Herriott
multipass atomic magnetometer under magnetic-field gradients, with
emphasis on transverse gradients. A spatial convolution - model is
established for an RF-driven dual-beam atomic magnetometer. The
measured magnetic-resonance signal is described as a spatially weighted
superposition of local Lorentzian responses. In this framework, the first
moment of the effective sampling function determines the
resonance-center shift, while its second central moment determines
gradient-induced broadening. The model is used to compare the Herriott
multipass mode with the single-pass mode.

Experiments are performed in a magnetically shielded system under
controlled transverse and axial magnetic-field gradients. The absorption
line shape, resonance-center frequency, linewidth, dispersive slope, and
equivalent magnetic-field noise are measured and analyzed. The results
show that the single-pass mode maintains an approximately Lorentzian
line shape under transverse gradients because of its localized spatial

sampling. In contrast, the Herriott mode gradually evolves from a nearly
18



Lorentzian profile into a broadened, flattened, non-Lorentzian line shape
with shoulder-like structures. This behavior confirms that the Herriott
response is determined by the weighted superposition of multiple local
magnetic-resonance signals with different Larmor frequencies. Further
analysis shows that transverse gradients significantly increase the
linewidth and reduce the central dispersive slope in the Herriott mode,
leading to degradation of the equivalent magnetic-field noise. Therefore,
the readout sensitivity gain obtained from the multipass optical path at
zero gradient is partially offset under large transverse gradients.
Axial-gradient measurements indicate that the axial response is mainly
determined by the effective sampling length along the cell axis rather than
by the transverse ring radius of the Herriott pattern. These results reveal
the trade-off between optical-path gain and gradient tolerance in Herriott
multipass atomic magnetometers and provide guidance for optimizing
multipass  vapor-cell ~ structures in non-uniform  magnetic-field

environments.

Keywords: Atomic magnetometer, magnetic-field gradient, Herriott multipass cell
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