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The cosmic microwave 

background – the afterglow  

of the Big Bang – is loaded 

with clues about how the 

Universe formed
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Left over from the Big Bang, the 
cosmic microwave background 

gives astronomers an insight into 
the entire history of our Universe.

Ezzy Pearson explains
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L
ight is the window through 

which astronomers view the 

FRVPRV��,W�ƅOOV�WKH�8QLYHUVH��

2QFH�OLJKW�KDV�EHHQ�HPLWWHG��

LW�WUDYHOV�RQ�DQG�RQ��PRYLQJ�

FRQVWDQWO\�DW�WKH�VSHHG�RI�OLJKW��,W�RQO\�

VWRSV�ZKHQ�LW�KLWV�VRPHWKLQJ��EH�LW�D�JDV�

SDUWLFOH��D�SODQHW�RU�HYHQ�D�EODFN�KROH��

%HFDXVH�RI�OLJKWŝV�HWHUQDO�QDWXUH��ZH�

VHH�GLVWDQW�JDOD[LHV�QRW�DV�WKH\�DUH�QRZ��

EXW�DV�WKH\�ZHUH�ZKHQ�WKHLU�OLJKW�ZDV�

HPLWWHG��,I�LW�KDV�WDNHQ�WKH�OLJKW�IURP�DQ�

REMHFW�D�ELOOLRQ�\HDUV�WR�UHDFK�XV�IURP�D�

JDOD[\��WKHQ�ZH�VHH�WKDW�REMHFW�DV�LW�ZDV�

D�ELOOLRQ�\HDUV�DJR��/RRN�IDU�HQRXJK�DZD\��

DQG�\RX�FRXOG�YLHZ�DOO�WKH�ZD\�EDFN�WR�

ZKHQ�WKH�ƅUVW�VWDUV�EHJDQ�WR�VKLQH��

/RRN�EDFN�HYHQ�IXUWKHU�DQG�LWŝV�

SRVVLEOH�WR�VHH�OLJKW�IURP�WKH�YHU\�HDUOLHVW�

GD\V�RI�RXU�8QLYHUVHŝV�H[LVWHQFH��ZKLFK�

we see now as the cosmic microwave 

EDFNJURXQG��&0%��

ş7KH�VLPSOH�ZD\�WR�H[SODLQ�WKH�&0%�LV�

DV�WKH�YHU\�ƅUVW�OLJKW�HYHU�HPLWWHG�LQ�RXU�

8QLYHUVH�Š�VD\V�(UPLQLD�&DODEUHVH�IURP�

&DUGLII�8QLYHUVLW\��ş,WŝV�EHHQ�WUDYHOOLQJ�

IURP�WKDW�PRPHQW�DOO�WKH�ZD\�WR�WRGD\�Š

In the beginning…
7KH�%LJ�%DQJ�WKHRU\�VWDWHV�WKDW�LQ�WKH�

YHU\�ƅUVW�PRPHQW�RI�WKH�8QLYHUVH��DOO�WKH�

HQHUJ\�DQG�PDWWHU�RI�WKH�FRVPRV�ZDV�

DW�DQ�LQƅQLWHO\�GHQVH�SRLQW��,Q�WKH�LQLWLDO�

IUDFWLRQV�RI�D�VHFRQG�RI�H[LVWHQFH��WKLV�

UDSLGO\�H[SDQGHG��FRROLQJ�DV�LW�ZHQW��

:KHQ�WKH�8QLYHUVH�ZDV�D�VHFRQG�ROG��LW�

ZDV�FRRO�HQRXJK�IRU�WKDW�HQHUJ\�WR�WDNH�

RQ�WKH�IRUP�RI�PDWWHU�SDUWLFOHV�Ś�VXFK�DV�

SURWRQV��QHXWURQV�DQG�HOHFWURQV��,W�DOVR�

IRUPHG�OLJKW�SDUWLFOHV�NQRZQ�DV�SKRWRQV��

VHWWLQJ�WKH�HQWLUH�8QLYHUVH�DJORZ�ORQJ�

EHIRUH�WKH�ƅUVW�VWDUV�EHJDQ�WR�VKLQH� X
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S In 2013, the 

Planck mission 

captured the CMB, 

imprinted on the 

sky when the 

Universe was just 

380,000 years old, 

in greater detail 

than ever before 
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:LWKLQ�WKH�ƅUVW�IHZ�PLQXWHV��SURWRQV�DQG�QHXWURQV�

MRLQHG�WRJHWKHU�WR�IRUP�SRVLWLYHO\�FKDUJHG�QXFOHL��EXW�

WKH�QHJDWLYHO\�FKDUJHG�HOHFWURQV�ZHUH�VR�KRW�WKH\�

FRXOG�HYDGH�EHLQJ�FDXJKW��7KH\�ƆRDWHG�IUHH�DQG�

VR�ZHUH�DEOH�WR�HDVLO\�DEVRUE�DQG�UH�HPLW�WKH�OLJKW�

SKRWRQV�WKDW�ƅOOHG�WKH�FRVPRV��)RU�RYHU���������

\HDUV��WKH�8QLYHUVH�ZDV�ƅOOHG�ZLWK�DQ�LPSHQHWUDEOH�

IRJ�WKDW�SUHYHQWHG�OLJKW�IURP�WUDYHOOLQJ�PRUH�WKDQ�

D�IHZ�IUDFWLRQV�RI�D�QDQRPHWUH�

7KHQ�FDPH�D�WLPH�NQRZQ�DV�5HFRPELQDWLRQ��7KH�

8QLYHUVH�KDG�FRROHG�HQRXJK�WKDW�HOHFWURQV�FRXOG�

QR�ORQJHU�HVFDSH�WKH�HOHFWURPDJQHWLF�SXOO�RI�QXFOHL�

DQG�ZHUH�FDSWXUHG��IRUPLQJ�WKH�ƅUVW�K\GURJHQ�DQG�

KHOLXP�DWRPV��/RFNHG�DZD\��WKH�HOHFWURQV�QR�ORQJHU�

DEVRUEHG�SKRWRQV��VR�OLJKW�FRXOG�WUDYHUVH�WKH�QRZ�

WUDQVSDUHQW�FRVPRV��7KLV�ZDV�WKH�PRPHQW�ZKHQ�WKH�

&0%�ZDV�IRUPHG�

)RU�WKH�QH[W����ELOOLRQ�\HDUV��WKLV�OLJKW�KDV�MRXUQH\HG�

WKURXJK�WKH�VWDUV��EXW�LW�KDV�

QRW�UHPDLQHG�XQFKDQJHG��7KH�

YHU\�IDEULF�RI�VSDFH�WLPH�KDV�

H[SDQGHG�GXULQJ�WKLV�WLPH��

VWUHWFKLQJ�WKH�OLJKW�WUDYHOOLQJ�

WKURXJK�LW��7KLV�LQFUHDVHV�LWV�

ZDYHOHQJWK��PHDQLQJ�YLVLEOH�

OLJKW�KDV�EHFRPH�UHGGHU��7KH�

UDGLDWLRQ�IURP�WKH�%LJ�%DQJ�

KDV�EHHQ�WUDYHOOLQJ�IRU�VR�ORQJ�

LWŝV�EHHQ�VWUHWFKHG�EH\RQG�

YLVLEOH�ZDYHOHQJWKV��WKURXJK�

WKH�LQIUDUHG��WR�EHFRPH�

PLFURZDYH�UDGLDWLRQ��

7KLV�UDGLDWLRQ�H[LVWV�

HYHU\ZKHUH�LQ�WKH�8QLYHUVH��

WUDYHOOLQJ�LQ�HYHU\�GLUHFWLRQ��

EXW�ZKDW�ZH�VHH�DV�WKH�&0%�LV�

WKH�OLJKW�WKDW�RULJLQDWHG�RYHU�

���ELOOLRQ�\HDUV�DJR��DQG�LV�RQO\�QRZ�UHDFKLQJ�XV��7KH�

SUHVHQFH�RI�WKLV�UDGLDWLRQ�ZDV�SUHGLFWHG�LQ�WKH�����V��

EXW�LW�ZDVQŝW�DFWXDOO\�GLVFRYHUHG�XQWLO�������

(YHQ�WKHQ��UDGLR�DVWURQRPHUV�$UQR�3HQ]LDV�DQG�

5REHUW�:RRGURZ�:LOVRQ�DW�WKH�%HOO�7HOHSKRQH�

/DERUDWRULHV�LQ�WKH�86$�LQLWLDOO\�WKRXJKW�WKH�VLJQDO�

ZDV�DQ�HUURU�LQ�WKHLU�HTXLSPHQW��%XW�ZKHQ�WKH\�

UHSRUWHG�LW�DV�D�şUDGLR�WUDQVPLVVLRQ�RI�XQNQRZQ�

RULJLQŠ��WKHRULVWV�LPPHGLDWHO\�UHFRJQLVHG�WKH�VLJQDO�

WKH\ŝG�EHHQ�ORRNLQJ�IRU��&RVPRORJLVWV�KDYH�EHHQ�

PDSSLQJ�WKH�&0%�LQ�LQFUHDVLQJ�GHWDLO�HYHU�VLQFH�

Noise reduction
ş:H�KDYH�HQWLUH�WHDPV�DQG�LQVWLWXWLRQV�WKDW�

VLPSO\�IRFXV�RQ�GHVLJQLQJ�WKH�WHFKQRORJ\�DQG�

LQVWUXPHQWDWLRQ�WKDW�LV�UHTXLUHG�WR�JR�DIWHU�WKHVH�

WLQ\�VLJQDOV�Š�VD\V�&DODEUHVH��ş7KHUH�LV�D�KXJH�HIIRUW�

LQ�GHYHORSLQJ�YHU\�SUHFLVH�FDPHUDV�DQG�VHQVRUV�WKDW�

\RX�WKHQ�SXW�RQ�YHU\�DGYDQFHG�

WHOHVFRSHV��HLWKHU�RQ�WKH�

JURXQG�RU�WKDW�\RX�ODXQFK�LQWR�

VSDFH�ZLWK�D�VDWHOOLWH�Š

(DUO\�PDSV�FRXOG�RQO\�PDNH�

RXW�WKH�YDJXH�VKDSH�RI�WKHVH�

UHJLRQV��EXW�WKH�PRVW�UHFHQW�

PDS�E\�(6$ŝV�3ODQFN�VDWHOOLWH�

FRQWDLQV�D�VWULNLQJ�DPRXQW�RI�

GHWDLO��5HYHDOLQJ�WKLV�GHWDLO�

LV�VRPHZKDW�RI�D�FKDOOHQJH�

KRZHYHU��DV�LW�LV�EXULHG�XQGHU�

DOO�WKDW�WKH�&0%�KDV�SDVVHG�

WKURXJK�GXULQJ�LWV����ELOOLRQ�

\HDU�MRXUQH\�WKURXJK�VSDFH��

7KH�PRYHPHQW�RI�RXU�*DOD[\�

DQG�WKH�GXVW�ZLWKLQ�LW�DUH�MXVW�

WZR�VRXUFHV�RI�QRLVH�WKDW�

FKDQJH�DQG�WZLVW�WKH�YLHZ�RI�

T Arno Penzias and 

Robert Woodrow 

Wilson were the 

first to detect the 

CMB in 1964

X
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Taking a look at the CMB

WKH�&0%�ZH�VHH��,Q�

IDFW��WKH�&0%�LV�MXVW�

D�WLQ\�IUDFWLRQ�RI�WKH�

LQLWLDO�PHDVXUHPHQW�

WKH�WHOHVFRSH�SLFNV�

XS��7KURXJK�PHWLFXORXV�

FRUUHFWLRQV��DVWURQRPHUV�FDQ�

FOHDU�DZD\�WKLV�REVFXULQJ�QRLVH��

7KRXJK�WKH�UHVXOWLQJ�PDS�ORRNV�OLWWOH�

PRUH�WKDQ�D�VHD�RI�EOREV�WR�WKH�XQWUDLQHG�H\H��

WR�WKRVH�WKDW�NQRZ�KRZ�WR�ORRN��WKHVH�FRORXUIXO�

SDWFKHV�UHYHDO�WKH�KLVWRU\�RI�RXU�8QLYHUVH�IURP�WKH�

ƅUVW�PRPHQW�RI�WKH�%LJ�%DQJ�XQWLO�WRGD\��

ş%HFDXVH�LWŝV�EHHQ�WKHUH�IRUHYHU��IURP�WKH�

YHU\�EHJLQQLQJ�DOO�WKH�ZD\�WR�WRGD\��WKH�FRVPLF�

PLFURZDYH�EDFNJURXQG�KDV�SLFNHG�XS�VLJQDOV�DQG�

LQIRUPDWLRQ�Š�VD\V�&DODEUHVH��ş,WŝV�EHHQ�ZDWFKLQJ�RXW�

IRU�XV��6RPHWLPHV�,�XVH�WKH�H[DPSOH�RI�\RXU�JUHDW�

JUHDW�JUDQGIDWKHU�ZKR�KDV�ORWV�RI�VWRULHV�WR�WHOO�\RX�

RI�DOO�WKH�WKLQJV�WKH\ŝYH�JRQH�WKURXJK��DQG�WKH\�DUH�

QRZ�KHUH�WR�WHOO�\RX�DOO�DERXW�LW�Š

7KHUH�DUH�WKUHH�

PDLQ�DUHDV�WR�

H[DPLQH�ZKHQ�

ORRNLQJ�DW�WKH�

&0%��)LUVW�LV�WKH�

WHPSHUDWXUH�RI�WKH�

UDGLDWLRQ��7KHVH�ƆXFWXDWLRQV�

UHYHDO�WKH�8QLYHUVH�DV�LW�ZDV�DW�

5HFRPELQDWLRQ��IUR]HQ�LQ�WLPH���������

\HDUV�DIWHU�WKH�%LJ�%DQJ��

A journey through time
7KHQ�WKHUH�LV�WKH�SRODULVDWLRQ�RI�WKH�OLJKW��ZKLFK�

VKRZV�KRZ�WKH�&0%�SKRWRQV�VFDWWHUHG�RII�RWKHU�

SDUWLFOHV��7KLV�VKRZFDVHV�WZR�NH\�HSRFKV�LQ�FRVPLF�

KLVWRU\��7KH�ƅUVW�LV�5HFRPELQDWLRQ��ZKHQ�WKH�&0%�

ZDV�VHW�GRZQ��7KH�RWKHU�LV�NQRZQ�DV�5HLRQLVDWLRQ��

D�WLPH�MXVW�DIWHU�WKH�ƅUVW�VWDUV�EHJDQ�WR�VKLQH��7KHLU�

OLJKW�LRQLVHG�WKH�VXUURXQGLQJ�JDV��NQRFNLQJ�DQ�

HOHFWURQ�RII�HDFK�DWRP�VR�WKH\�FRXOG�LQWHUDFW�ZLWK�

OLJKW�SKRWRQV�DJDLQ�

7KH�ƅUVW�REVHUYDWLRQV�RI�WKH�&0%�ZHUH�

PDGH�IURP�WKH�JURXQG��DQG�WKHUH�LV�

RQH�ELJ�DGYDQWDJH�WR�GRLQJ�VR��WKH�

SLFWXUH�FDQ�EH�SXW�WRJHWKHU�ZLWK�YHU\�

ODUJH�GLVKHV��7KH�ODUJHU�D�WHOHVFRSH�LV��

WKH�JUHDWHU�LWV�UHVROXWLRQ��PHDQLQJ�D�

JURXQG�EDVHG�WHOHVFRSH�FDQ�REWDLQ�D�

JUHDW�DPRXQW�RI�GHWDLO��+RZHYHU��WKH\�

DUH�DOVR�ORFNHG�WR�D�VLQJOH�ORFDWLRQ�

DQG�VR�DUH�XQDEOH�WR�PDS�WKH�HQWLUH�

VN\��3OXV��ZDWHU�DQG�R[\JHQ�LQ�WKH�

DWPRVSKHUH�DEVRUE�PLFURZDYHV��

EOXUULQJ�WKH�YLHZ��:KLOH�WHOHVFRSHV�EXLOW�

RQ�WRS�RI�PRXQWDLQV�FDQ�JHW�SDVW�WKH�

ZRUVW�RI�WKH�DWPRVSKHUH��WKH�RQO\�ZD\�

WR�DYRLG�LW�HQWLUHO\�LV�WR�JHW�DERYH�LW��

2QH�ZD\�WR�GR�WKLV�LV�WR�JR�LQWR�

VSDFH��7KHUH�KDYH�EHHQ�WKUHH�VXFK�

PLVVLRQV�WR�GDWH��1$6$ŝV�&RVPLF�

%DFNJURXQG�([SORUHU��&2%(��IURP�

WKH�����V��WKH�:LONLQVRQ�0LFURZDYH�

$QLVRWURS\�3UREH��:0$3��LQ�WKH�HDUO\�

����V�DQG�(6$ŝV�3ODQFN�VDWHOOLWH�LQ�

WKH�����V��$�IRXUWK��/LWH%,5'��LV�EHLQJ�

GHYHORSHG�E\�WKH�-DSDQHVH�VSDFH�

DJHQF\��ZLWK�D�SODQQHG�ODXQFK�E\������

Examining the CMB is difficult, but astronomers have found 
many ways to go about it

�VHH�SDJH����IRU�GHWDLOV���6XFK�PLVVLRQV�

FDQ�PDS�WKH�HQWLUH�VN\�ZLWK�LQFUHGLEOH�

SUHFLVLRQ��EXW�WKH\ŝUH�H[SHQVLYH�DQG�WKHLU�

VL]H�LV�OLPLWHG�E\�ZKDW�ZLOO�ƅW�RQ�D�URFNHW�

7KH�ƅQDO�JURXS�RI�REVHUYDWRULHV�VSOLW�

WKH�GLIIHUHQFH�E\�GDQJOLQJ�D�WHOHVFRSH�

IURP�EHQHDWK�D�ZHDWKHU�EDOORRQ��7KHVH�

FDQ�UHDFK�DOWLWXGHV�RI���NP��ZKHUH�

WKH�DWPRVSKHUH�LV�SUDFWLFDOO\�QRQ�

H[LVWHQW��DQG�ZKLOH�WKH\�FDQŝW�ULYDO�WKH�

VL]H�RI�JURXQG�EDVHG�REVHUYDWRULHV��

WKH\�FDQ�EH�PDGH�ODUJHU�WKDQ�VSDFH�

EDVHG�WHOHVFRSHV��7KH�WUDGH�RII�LV�

FRQWUROODELOLW\��WKHUH�LV�QR�ZD\�WR�VWHHU�D�

EDOORRQ��VR�\RX�DUH�OLPLWHG�WR�REVHUYLQJ�

IURP�ZKHUHYHU�WKH�ZHDWKHU�WDNHV�WKHP��

:KDWŝV�PRUH��ZHDWKHU�EDOORRQV�FDQ�

RQO\�VXUYLYH�VR�ORQJ�EHIRUH�EXUVWLQJ��

PHDQLQJ�\RXU�WHOHVFRSH�KDV�WR�EH�DEOH�

WR�VXUYLYH�D���NP�GURS��0RVW�EDOORRQ�

REVHUYDWRULHV�XVH�SDUDFKXWHV�WR�FXVKLRQ�

WKH�ODQGLQJ��EXW�HYHQ�WKLV�LV�IUDXJKW��,Q�

������RQH�PLVVLRQŝV�SDUDFKXWH�IDLOHG�

WR�GHWDFK�RQFH�LW�ODQGHG��GUDJJLQJ�WKH�

WHOHVFRSH�DFURVV�WKH�$QWDUFWLF�ODQGVFDSH�

DQG�GHVWUR\LQJ�LW�

Balloon-

mounted 

observatories 

are a cheap, but 

risky, way to 

study the CMB

S In the 1990s, 

NASA’s COBE  

revealed the large-

scale shape of the 

entire CMB, but it 

lacked fine detail

X
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S A brief history  

of Recombination 

and Reionisation

Finally, there is the weak lensing signal. The gravity 

of large objects can bend the path of light travelling 

past. During its travels, the CMB photons traverse 

along chains of galaxies and through clusters, all of 

ZKLFK�GHƆHFW�WKH�SDWK�RI�SKRWRQV��OHDYLQJ�WKHLU�PDUN�

RQ�WKH�&0%�PDS��

ş7KLV�LV�VRPHWKLQJ�WKDW�ZH�JHW�E\�FRPELQLQJ�

WHPSHUDWXUH�DQG�SRODULVDWLRQ�Š�VD\V�&DODEUHVH��

“What this is capturing is all the deviations and 

ƆXFWXDWLRQV�WKDW�WKHVH�SKRWRQV�IHOW�DV�WKH\�ZHUH�

WUDYHOOLQJ�IURP�5HFRPELQDWLRQ�WKURXJK�WKH�ODUJH�

VFDOH�VWUXFWXUH��:H�ZDQW�WR�PDS�DQG�PHDVXUH�

[the weak lensing signal] really well 

because the gravitational lensing 

effect directly translates into 

WKH�JHRPHWU\��PDWWHU�

content and distribution  

RI�WKH�8QLYHUVH�Š

But getting all this 

LQIRUPDWLRQ�RXW�RI�WKH�

PDSV�LV�IDU�IURP�D�WULYLDO�

PDWWHU��DV�&DODEUHVH�

explains. “It’s not like 

GLVFRYHULQJ�D�QHZ�JDOD[\�Š�

she says. “It’s not like saying, 

,�ZDQW�WR�ƅQG�RXW�LI�WKHUHŝV�DQ�

object over there and going and 

spotting it. All the different physics is baked 

together in those blobs that 

we see. To understand it, we 

QHHG�WR�FRPH�XS�ZLWK�VRPH�

quantities that then we can 

PRUH�HDVLO\�LQWHUSUHW�Š

They do this by conducting 

a statistical analysis of the 

PDSV��H[DPLQLQJ�IDFWRUV�VXFK�

as the size of the blobs, their 

WHPSHUDWXUH�RU�KRZ�WKH\�

are grouped together. But 

WKLV�LVQŝW�ZKDW�FRVPRORJLVWV�

really want to know. They 

ZDQW�WR�ƅQG�RXW�ZKDW�DJH�

the Universe is, what kind of 

PDWWHU�LWŝV�PDGH�XS�RI�DQG�

what rules control how it has 

JURZQ�RYHU�WLPH��7R�EH�DEOH�

WR�H[WUDFW�WKDW�LQIRUPDWLRQ��

FRVPRORJLVWV�PXVW�ƅUVW�FUHDWH�

their own universes.  

ş:H�ZULWH�GRZQ�VRPH�YHU\�

FRPSOLFDWHG�HTXDWLRQV�DQG�

predict what a CMB signal 

would look like if the Universe 

KDG�D�VSHFLƅF�FRPSRVLWLRQ��RU�

DJH��RU�SURSHUW\�Š�H[SODLQV�&DODEUHVH�

These equations are based on our current 

understanding of how the Universe operates. Using 

WKHVH��ŜPRGHOŝ�XQLYHUVHV�DUH�FUHDWHG�WKDW�FDQ�WKHQ�EH�

DQDO\VHG��ş<RX�WDNH�WKH�PRGHO�DQG�ORRN�DW�WKH�EORE�

GLVWULEXWLRQ�DQG�FRPSDUH�LW�ZLWK�\RXU�REVHUYDWLRQV��

<RX�UHYHUVH�WKH�SURFHVV�Š�VD\V�&DODEUHVH�

,Q�WKLV�ZD\��FRVPRORJLVWV�DUH�DEOH�WR�UHYHUVH�

engineer the properties of our Universe. With 

LQFUHDVLQJ�DFFHVV�WR�VXSHUFRPSXWHUV�DQG�DGYDQFLQJ�

T An all-sky map 

showing the lensing 

effect massive 

cosmic structures 

have on the CMB

W Recombination 

occurs. The 

Universe becomes 

transparent, 

creating the CMB

7KH�8QLYHUVH�ƅOOV�

with ionised gas

Galaxies and 

quasars begin  

to form. 

Reionisation starts

W Reionisation 

complete, the 

Universe becomes 

transparent again

Galaxies evolve

The Solar System 

forms

Today: 

Astronomers 

ƅJXUH�LW�DOO�RXW�

Time since  

the Big Bang

(years)

~ 380,000 X

~ 500  

million X

~ 1 billion X

~ 9 billion X

~ 13 billion X
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analytical techniques, they’re able to develop 

HYHU�PRUH�GHWDLOHG�VLPXODWLRQV�WR�SLFN�DSDUW�WKH�

LQFUHDVLQJO\�SUHFLVH�PDSV�EHLQJ�SURGXFHG�E\�HYHU\�

new generation of telescope.

ş2YHU�WKH�ODVW�WZR�GHFDGHV�ZHŝYH�KDG�D�KXJH�MXPS�

LQ�TXDOLW\�DQG�TXDQWLW\�RI�RXU�GDWD�Š�VD\V�&DODEUHVH��

ş7KDW�PHDQV�WKH�DQVZHUV�ZH�JHW�RXW�IURP�WKHP�DUH�

H[WUHPHO\�SUHFLVH�Š

Ever-sharper focus
:KHQ�ORRNLQJ�DW�VXFK�KXJH�GLVWDQFHV�ZLWK�VR�PDQ\�

VRXUFHV�RI�LQWHUIHUHQFH��WKH�HUURU�PDUJLQV�KDYH�WKH�

SRWHQWLDO�WR�EH�KXJH��%XW�ZKLOH�FRVPRORJ\�KDV�

KLVWRULFDOO\�EHHQ�D�YHU\�LPSUHFLVH�VFLHQFH��WKDW�LV�QR�

longer the case. 

7R�JLYH�RQH�H[DPSOH��ZKHQ�DVWURQRPHUV�ORRNHG�

DW�WKH�GDWD�IURP�&2%(�EDFN�LQ�WKH�HDUO\�����V�DQG�

DWWHPSWHG�WR�GHWHUPLQH�KRZ�PXFK�QRUPDO�PDWWHU�

PDGH�XS�RXU�8QLYHUVH��WKH\�FRXOG�RQO\�VD\�LW�PDGH�

XS�VRPHZKHUH�EHWZHHQ���DQG���SHU�FHQW�RI�RXU�

8QLYHUVHŝV�PDVV��+RZHYHU��ZKHQ�WKH\�UHSHDWHG�WKH�

PHDVXUHPHQWV�ZLWK�WKH�PRVW�UHFHQW�PDSV�IURP�

3ODQFN��WKH\�FDOFXODWHG�WKDW�LW�PDGH�XS�����SHU�FHQW�

RI�WKH�RYHUDOO�PDVV�RI�WKH�8QLYHUVH��ZLWK�DQ�HUURU�

PDUJLQ�RI�MXVW�������SHU�FHQW�

“What we see is really an astonishingly perfect 

DJUHHPHQW�EHWZHHQ�WKH�REVHUYDWLRQV�DQG�WKH�

PRGHOV�Š�VD\V�&DODEUHVH��ş7KH�GDWD�LV�VR�JRRG�WKDW�

DOO�WKH�NH\�SDUDPHWHUV�RI�WKH�PRGHO�DUH�FRQVWUDLQHG�

WR�VXE�SHU�FHQW�SUHFLVLRQ�Š

7KLV�SUHFLVLRQ�KDV�PDGH�WKH�&0%�D�SRZHUIXO�WRRO�

LQ�PDQ\�RWKHU�DUHDV�RI�DVWURQRP\�DV�ZHOO��8SFRPLQJ�

REVHUYDWRULHV�VXFK�DV�9HUD�5XELQ��(XFOLG�DQG�WKH�

'DUN�(QHUJ\�6XUYH\�DUH�DOO�VHW�WR�PDS�RXW�KXJH�DUHDV�

RI�WKH�VN\�RYHU�WKH�QH[W�IHZ�\HDUV��7KHLU�DLP�LV�WR�

EXLOG��'�PDSV�RI�WKH�8QLYHUVH�WR�XQGHUVWDQG�WKH�

GLVWULEXWLRQ�RI�PDWWHU�WKURXJKRXW�WKH�FRVPRV�Ś�MXVW�

DV�WKH�ZHDN�OHQVLQJ�GDWD�IURP�WKH�&0%�ZLOO�GR��

“This will give a lot of opportunities for science 

across different surveys that will enable things that a 

VLQJOH�H[SHULPHQW�ZRXOGQŝW�EH�DEOH�WR�GR�RQ�LWV�RZQ�Š�

says Calabrese. 

7KH�&0%�LV�D�PDJQLƅFHQW�WRRO��DQG�WKURXJK�

VWXG\LQJ�LW�DVWURQRPHUV�DUH�DEOH�WR�JHW�FORVHU�WR�

understanding the true origins of our Universe with 

every passing year. 

Drowning out the noise
Astronomers have to wade through a sea of information to get to the CMB signal 

One of the biggest issues with studying 

the CMB is noise. Each CMB photon 

has picked up information from every 

stage of the Universe it’s travelled 

through, meaning the initial 

ƆXFWXDWLRQV�PDNH�XS�RQO\�D�IHZ�

per cent of the signal picked 

up by an observatory. 

Throughout its journey, 

a light photon has been 

bent and distorted by the 

large-scale structure of the 

Universe, resulting in the weak 

lensing signal. This not only 

changes its path slightly, but also 

distorts both its temperature and 

polarisation, and so using these two 

measurements in concert can be used 

to extract that signal.

Next, the photon enters our Galaxy, 

where it encounters a variety of 

obstacles. The Milky Way’s magnetic 

ƅHOG�DJDLQ�DIIHFWV�WKH�SRODULVDWLRQ��

which needs to be compensated for. Dust 

and gas add in more radio waves that 

pollute the signal, meaning these areas 

need to be carefully mapped or masked.

S Planck’s one-year all-sky survey data 

from 2010 was initially polluted by bent 

photons and galactic dust (left), but was 

carefully cleaned to produce the CMB map

Ezzy Pearson is 

BBC Sky at Night 

Magazine’s features 

editor. Her book 

Robots in Space is 

available through 

History Press

ESA’s latest 3D Universe-

mapping mission, Euclid, 

launched from Cape  

Canaveral in July 2023
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