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Pr im o rd ia l cu rva tu re  p er tu rb a tio n s

 X

• CM B an isotrop y, g a laxy 

d istrib utions sug g est the 

p rim ord ia l fluctuations 

• Exp la ined  very well b y ad iab atic 

(curvature) p erturb ations w ith  a 

sing le p ower-law p ower sp ectrum  

• Testab le scales o f  p rim ord ia l 

fluctuations w ith  CM B are fin ite

Planck im ag e-g allery (h ttp s://www .cosm os.esa.in t/web /p lanck/p icture-g allery)

testab le scales w ith  CM B

Planck 2 0 1 8  resu lts (2 0 2 0 ), A& A , 6 4 1 , A1

• Larg er scales?  > Causality lim it, GW ?
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A d iab a tic an d  isocu rva tu re  p er tu rb a tio n s

• Power sp ectra o f  curvature and  isocurvature (entrop y) p erturb ations

 X

Param eters fo r the curvature p ower 

sp ectrum  is fixed  b y Planck 2 0 1 8 .

} the isocurvature p erturb ations are 

p aram eterized  b y rCDM  and  n iso
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M atter  p ow er  sp ectru m

• The b lue-tilted  isocurvature 

p erturb ations enhance the 

m atter p ower sp ectrum  on sm all 

scales. 

• Increasing  rCDM , the am p litud e o f  

m atter p ower sp ectrum  is larg er. 

• Blue-tilted  isocurvature is 

exp ected  b y one o f  the QCD 

axion  scenarios (Kasuya and  

Kawasak i 2 0 0 9 ) W e fix n iso= 3 .0
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A strop h ys ica l p a ram eters

• W e use g alaxy-d riven  reion ization  m odel w ith  “2 1 cm FAST” 

• UV lum inosity function  is written  b y:

• Duty cycle is p aram etrized  b y M tu rn :

M tu rn : the m in im um  halo  m ass to  

host g a laxies d ue to  the coo ling  

and /or stellar feed b ack

A. M esing er, S. Furlanetto , &  R. Cen (2 0 1 1 ), M NRAS, 4 1 1 , 9 5 5
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A strop h ys ica l p a ram eters

• UV m ag n itud e is d eterm ined  b y the star fo rm ation  rate

• The stellar-to-halo  m ass ratio

　 　 : the typ ical star fo rm ation  

tim escale norm alized  b y the 

Hubb le tim e
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A ltern a tive  p ro b e : 2 1 -cm  g lo b a l s ig n a l

Differentia l b rig htness tem perature:

Increasing  the isocurvature 

f raction , the Ly-α coup ling  and  

heating  starts at h ig her red sh if ts. 

W e fix n iso= 2 .5

M inod a, Yosh iu ra , and  Takahash i, Phys. Rev. D 1 0 5 , 0 8 3 5 2 3  (2 0 2 2 )
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A ltern a tive  p ro b e : 2 1 -cm  g lo b a l s ig n a l

Differentia l b rig htness tem perature:

Increasing  the isocurvature 

f raction , the Ly-α coup ling  and  

heating  starts at h ig her red sh if ts. 

W e fix n iso= 2 .5

M inod a, Yosh iu ra , and  Takahash i, Phys. Rev. D 1 0 5 , 0 8 3 5 2 3  (2 0 2 2 )

The centra l red sh if ts o f  

ab sorp tion  sig nal are zm in= 1 2 .4 6  

(rCDM = 0 .0 ), 1 7 .1 1  (rCDM = 0 .0 5 ), and  

2 1 .0 8  (rCDM = 0 .1 )

zm in= 1 2 .4 6
1 7 .1 1 2 1 .0 8
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A b so rp tio n  p o s itio n  w ith  va ry in g  rCDM

• Fixing  n iso and  increasing  rCDM , 

the centra l red sh if t o f  

ab sorp tion  g ets h ig her. 

• Fixing  rCDM  and  increasing  n iso , 

the centra l red sh if t o f  

ab sorp tion  g ets h ig her.
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Con stra in ts  in  2 -D  p a ram eter  sp ace

• Once the ab sorp tion  sig nal 

can  b e ob served  around  som e 

red sh if t, we can  ob tain  the 

constra in t on  the isocurvature 

p ertu rb ations.
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Ch i^ 2  an a ly s is  in  2 -D  p a ram eter  sp ace

• Calcu lating  ch i sq uared  fo r 

d ifferent p aram  sets,  

• Finally the constra in t is
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