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We study the squeezed monopole (𝐵0
0) and quadrupole (𝐵2

0) moments of the 21-cm bispectrum (BS) from EoR simulations. Both 𝐵0
0 and 𝐵2

0 are positive at the early stage of EoR where the mean neutral 

hydrogen (HI) density fraction ҧ𝑥𝐻𝐼
 ≈ 0.99. The subsequent evolution of 𝐵0

0 and 𝐵2
0 at large and intermediate scales (𝑘 = 0.29 and 0.56 𝑀𝑝𝑐 

−1, respectively) is punctuated by two sign changes which mark 

transitions in the HI distribution. The first sign flip where 𝐵0
0 becomes negative occurs in the intermediate stages of EoR ( ҧ𝑥𝐻𝐼

 > 0.5), at large scale first followed by the intermediate scale. This marks the 

emergence of distinct ionized bubbles in the neutral background. 𝐵2
0 is relatively less affected by this transition, and it mostly remains positive even when 𝐵0

0 becomes negative. The second sign flip, 

which affects both 𝐵0
0 and 𝐵2

0, occurs at the late stage of EoR ( ҧ𝑥𝐻𝐼
 < 0.5). This marks a transition in the topology of the HI distribution, after which we have distinct HI islands in an ionized background. This 

causes 𝐵0
0 to become positive. The negative 𝐵2

0 is a definite indication that the HI islands survive only in under-dense regions.
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The effect of RSD on bispectrum can be studied by decomposing it into spherical harmonics

Results Interpretation
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➢ At early stage, non-Gaussinity is driven by underlying matter.  

➢ Quadrupole has similar magnitude that of monopole
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➢ Sign flips of bispectrum monopole and quadrupole 

corresponds to phase transitions of HI

➢ Bispectrum quadrupole can distinguish between inside-out 

and outside-in reionization models

➢ The information encoded in higher bispectrum multipoles is 

subject to further exploration.
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• 𝐻𝐼𝐼 𝑏𝑢𝑏𝑏𝑙𝑒𝑠 𝑒𝑚𝑏𝑒𝑑𝑑𝑒𝑑 𝑖𝑛 

   neutral background ( ҧ𝑥𝐻𝐼
 > 0.5)                      

                     To 
   distinct HI islands embedded 

   in ionized regions ( ҧ𝑥𝐻𝐼
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 𝑖𝑚𝑎𝑔𝑒 𝑜𝑓 𝑓𝑖𝑒𝑙𝑑 𝑎𝑡 𝑒𝑎𝑟𝑙𝑦 𝑠𝑡𝑎𝑔𝑒 

• 𝐻𝐼 𝑟𝑒𝑠𝑖𝑑𝑒𝑠 𝑖𝑛 𝑢𝑛𝑑𝑒𝑟 𝑑𝑒𝑛𝑠𝑒 
𝑟𝑒𝑔𝑖𝑜𝑛𝑠.  𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑖𝑒𝑠 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑖𝑏𝑙𝑒 
𝑓𝑜𝑟 𝑅𝑆𝐷 & 𝐻𝐼 𝑎𝑟𝑒 𝑎𝑛𝑡𝑖𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑
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     𝑜𝑢𝑡𝑠𝑖𝑑𝑒 − 𝑖𝑛 𝑚𝑜𝑑𝑒𝑙
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