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Ýêñïåðèìåíòû, ðåãèñòðèðóþùèå êîñìè÷åñêèå ëó÷è ñ
ýíåðãèåé âûøå 1018 ýÂ

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 2



Ýêñïåðèìåíòû ïî ÊËÑÂÝ (E & 1018 ýÂ)

Yakutsk array Pierre Auger Telescope Array

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 3



K. Kampert, ICHEP'10, Paris



Ôëóîðåñöåíòíûé òåëåñêîï è íàçåìíûé äåòåêòîð Auger



Îáñåðâàòîðèÿ Telescope Array

I Þòà, 2 ÷àñà íà
ìàøèíå îò
Ñîëò-Ëåéê-Ñèòè

I 507 SD, S = 3m2,
øàã 1.2 êì

I 3 FD

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 6



Äåòåêòîð íàçåìíîé ðåøåòêè TA
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Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 7



Telescope Array Middle Drum & TALE FD

ôîòî Îëåãà Êàëàøåâà



Ïðèìåð ãèáðèäíîãî ñîáûòèÿ TA



Ïëàí äîêëàäà:

I. Auger & TA

I Ñïåêòð

I Õèìè÷åñêèé ñîñòàâ

I Èñòî÷íèêè

II. Auger + TA

I Ñîâìåñòíûå ðàáî÷èå ãðóïïû

I Êðóïíîìàñøòàáíàÿ àíèçîòðîïèÿ: âñå íåáî (ñåâåð + þã)

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 10



Ýôôåêò ÃÇÊ

Greisen, 1966; Çàöåïèí, Êóçüìèí, 1966
Ïðåäñêàçàíî îáðåçàíèå ñïåêòðà ïðè E & 1019.7 ýÂ.

p + γ2.7K → n + π+

→ p + π0

AGASA spectrum, 2003
Takeda, M. et al., Astropart. Phys

19(2003)

I Îæèäàåòñÿ 1.9 ñîáûòèé

I Íàáëþäàåòñÿ 11 ñîáûòèé
âûøå 1020 eV

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 11



Cut-o� observation by HiRES

Monocular: Quarks'06; PRL 100 (2008)

Stereo: Astropart. Phys. 32 (2010)

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 12



Ñïåêòð Pierre Auger

PRL 101 (2008) & Phys. Lett. B 685 (2010) & ICRC'2013



Ñïåêòð TA+TALE

Telescope Array, ApJ 768 L1 (2013); D. Bergman, COSPAR'2014



Ñïåêòð TA+TALE

Telescope Array, ApJ 768 L1 (2013); D. Bergman, COSPAR'2014



Ñïåêòð TALE â ñðàâíåíèè ñ äðóãèìè ýêñïåðèìåíòàìè

D. Bergman, COSPAR'2014



Äëÿ ÷åãî âàæíî çíàòü õèìè÷åñêèé ñîñòàâ?

I ïîíÿòü ôèçèêó èñòî÷íèêîâ
I ìîäåëè bottom-up: óñòàíîâèòü ìåõàíèçì óñêîðåíèÿ
I ìîäåëè top-down: íåñîâìåñòèìû ñ òÿæåëûìè ÿäðÿìè

I ïðåäñêàçàòü ïîòîê êîñìîãåííûõ ôîòîíîâ è íåéòðèíî

I èññëåäîâàòü ñå÷åíèå âçàèìîäåéñòèÿ ïðè íàèâûñøèõ
ýíåðãèÿõ

I íàèáîëåå òî÷íî ïðîâåðèòü Ëîðåíö-èíâàðèàíòíîñòü

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 17



Èçìåðåíèÿ õèìñîñòàâà & 1018 eV

Îáñåðâàòîðèÿ äåòåêòîð Íàáëþäàåìàÿ

HiRes �uorescence stereo XMAX

Pierre Auger �uorescence + SD XMAX

(hybrid)

Telescope Array stereo XMAX

Telescope Array hybrid XMAX

Yakutsk muon ρµ
Pierre Auger SD Xµ

MAX

Pierre Auger SD risetime asymmetry

Telescope Array SD area-over-peak

SD � íàçåìíàÿ ðåøåòêà, XMAX � ãëóáèíà ìàêñèìóìà ØÀË

Xµ
MAX � âûñîòà ðîæäåíèÿ ìþîíîâ

risetime � âðåìÿ íàðàñòàíèÿ ñèãíàëà îò 10% äî 50%

area-over-peak - îòíîøåíèå èíòåãðàëüíîãî ñèãíàëà ê ïèêîâîé

èíòåíñèâíîñòè



Õèìè÷åñêèé ñîñòàâ ïî ãëóáèíå ìàêñèìóìà ØÀË

HiRES Phys.Rev.Lett.104.161101

Auger ICRC'2013; Phys.Rev.Lett.104.091101



Telescope Array �uorescence stereo & hybrid

[Telescope Array] JPS'2014, ICRC'2013, arXiv:1408.1726

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 20



ßêóòñêàÿ óñòàíîâêà: õèìè÷åñêèé ñîñòàâ ïî ìþîíàì
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Yakutsk muon, QGSJET II-03

L.G. Dedenko et al., J.Phys.G 39 095202 (2012)



Ñîñòàâ ïî äàííûì íàçåìíîé ðåøåòêè Auger

Äâå SD íàáëþäàåìûå, ÷óâñòâèòåëüíûå ê ñîñòàâó:
I âûñîòà ðîæäåíèÿ ìþîíîâ

I àñèììåòðèÿ risetime

[Auger] ICRC'11, arXiv:1107.4804



Ñîñòàâ ïî äàííûì íàçåìíîé ðåøåòêè TA
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/PRELIMINARY/ TA SD, QGSJET II-03

Auger SD muon XMAX, QGSJET II-03

Auger SD risetime asymmetry, QGSJET II-03

[TA] Quarks-2014, ICRC'13; [Auger] ICRC'11, arXiv:1107.4804



Auger: êîððåëÿöèè ñ àêòèâíûìè ÿäðàìè ãàëàêòèê



Ïàðàìåòðû êîððåëÿöèé

I Sources
I V�eron-Cetty and V�eron 12th AGN catalog (2006)
I AGN, QSO, BL Lac sections
I Cut on redshift 0 < z < 0.018

I Cosmic rays
I E > 57 EeV (E > 55 EeV after reconstruction update)

I Angular scale
I δ = 3.1◦

I Signal strength
I In the control set, 9 events correlate out of 13, the fraction

being P = 0.69

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 25



Auger: äîïîëíèòåëüíûé íàáîð äàííûõ

Auger collaboration, Astroparticle Phys. 34 (2010) 314

Before publication date: 9/13 correlate. Background: 2.7± 1.6
After publication date: 12/42 correlate. Background: 8.9± 3.0
Total: 21/55, fraction P = 0.38

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 26



Êîððåëÿöèè ñ ÀßÃ: äðóãèå ýêñïåðèìåíòû

I HiRes:
2 èç 13, ôîí 3.2

HiRes collaboration, Astropart.Phys. 30 (2008) 175-179

I TA:
11 èç 25, ôîí 5.9

TA collaboration, Astrophys.J. 757 (2012) 26

I AGASA + Yakutsk + HiRes-stereo:
3 èç 21, ôîí 5.0

GR, I. Tkachev, A. Dolgov, JETP Lett. 95 (2012) 501-503

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 27



AGNs or Cen A?

Tensions within AGN
interpretation:

I Virgo paucity

I Chemical composition (Fe
or p?)

I Local AGNs are weak

Cen A � alternative explanation for
the correlation signal?
Gorbunov et al, 0711.4060, 0804.1088

Fargion, 0801.0227

I Cen A is the closest radiogalaxy by
chance projected on LSS

I Is outside of HiRes and TA FOV
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// Tinyakov et al, UHECR'12



Ãîðÿ÷åå ïÿòíî TA, E > 57ÝýÂ

TA, ApJ 790 L21 (2014)



Ãîðÿ÷åå ïÿòíî TA, E > 57ÝýÂ

TA, ApJ 790 L21 (2014)

Áëèæàéøèé èñòî÷íèê ìîæåò äàâàòü çíà÷èòåëüíóþ äîëþ
ñîáûòèé è âûãëÿäåòü êàê ïÿòíî;
Ðàçìåð ïÿòíà áîëüøå, ÷åì îæèäàåìûé äëÿ ïðîòîíîâ (2-3◦)



Ãîðÿ÷åå ïÿòíî TA, E > 57ÝýÂ

TA, ApJ 790 L21 (2014)

19 èç 72 ñîáûòèé â êðóãå ðàäèóñîì 20◦, ôîí: 4.5
çíà÷èìîñòü ïîñëå ó÷åòà look-elsewhere-e�ect: 3.4σ



Ãîðÿ÷åå ïÿòíî TA, 6-é ãîä

D.Bergman, COSPAR'2014

äîáàâèëîñü 15 ñîáûòèé èç íèõ 4 â hotspot



Ãîðÿ÷åå ïÿòíî TA, 6-é ãîä

D.Bergman, COSPAR'2014

çíà÷èìîñòü âûðîñëà ñ 3.4σ äî 4.0σ
âîçìîæíî, óêàçàíèå íà èñòî÷íèê è âåëè÷èíó ìàãíèòíûõ ïîëåé

hotspot ìîæåò îòâå÷àòü çà ÷àñòü îòëè÷èÿ ñïåêòðîâ TA-Auger



Ïëàí äîêëàäà:

I. Auger & TA

I Ñïåêòð

I Õèìè÷åñêèé ñîñòàâ

I Èñòî÷íèêè

II. Auger + TA

I Ñîâìåñòíûå ðàáî÷èå ãðóïïû

I Êðóïíîìàñøòàáíàÿ àíèçîòðîïèÿ: âñå íåáî (ñåâåð + þã)

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 34



Ðàáî÷àÿ ãðóïïà ïî ñïåêòðó. Ìàñøòàá ýíåðãèé

Auger TA HiRes AGASA Yakutsk

energy shift +10% -9% -9% -35% -44%

Y.Tsunesada, Spectrum WG, UHECR'2012

Ã.È. Ðóáöîâ, È.È. Òêà÷åâ Ñòàòóñ è ðåçóëüòàòû TA è Auger 35
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After normalizing the energy scales to half way between TA and Auger spectrums

Are the results consistent with a constant  composition? 
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J. Bellido, Composition WG, UHECR'2012
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After normalizing the energy scales to half way between TA and Auger spectrums

Are the results consistent with a changing composition? 
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J. Bellido, Composition WG, UHECR'2012



    36

Does a shift in <Xmax> bring the results to agreement? 

(After normalizing the energy scales to half way between TA and Auger spectrums)

 

 TA         = -10 g/cm²;

 HiRes    = -17 g/cm²;

 Yakutsk = -17 g/cm²;

Xmax shifts:

Auger    =  +16 g/cm²;

Quoted syst. 

uncertainties              

           

 Auger    12 g/cm²       

  

 HiRes     3.3 g/cm²     

 TA           12.4 g/cm²   

 Yakustk  20 g/cm²      

 
J. Bellido, Composition WG, UHECR'2012



Multimessenger WG: îãðàíè÷åíèÿ íà ôîòîíû
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Multimessenger WG: îãðàíè÷åíèÿ íà íåéòðèíî
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J. Alvarez-Muniz, GR, et al, Multimessenger WG, UHECR'2012



R. Engel, et al, Hadronic interaction WG, UHECR'2012



R. Engel, et al, Hadronic interaction WG, UHECR'2012



Ðàáî÷àÿ ãðóïïà ïî àíèçîòðîïèè: àíàëèç ïîëíîãî íåáà

Ñîâìåñòíûé íàáîð äàííûõ Auger+TA, E > 1019 ýÂ
11087 + 2130 ñîáûòèé submitted to Astroparticle Physics



Ðàáî÷àÿ ãðóïïà ïî àíèçîòðîïèè: àíàëèç ïîëíîãî íåáà



Ðàáî÷àÿ ãðóïïà ïî àíèçîòðîïèè: àíàëèç ïîëíîãî íåáà

Êàðòà ýêñïîçèöèè



Ðàáî÷àÿ ãðóïïà ïî àíèçîòðîïèè: àíàëèç ïîëíîãî íåáà

Àíèçîòðîïèÿ íå îáíàðóæåíà

Ïëàí: êîððåëÿöèè ñ LSS, êàðòà äëÿ E > 57ÝýÂ



Next: âîäíûé áàê Îæå â öåíòðå êîñìè÷åñêèõ ëó÷åé ÒÀ

Äåëüòà, Þòà, 23 èþíÿ 2014 ã.



Çàêëþ÷åíèå

I Ñïåêòð: íàáëþäàåòñÿ îáðåçàíèå ñïåêòðà, ñîâìåñòíîå ñ
ïðåäñêàçàíèåì Ãðåéçåíà-Çàöåïèíà-Êóçüìèíà

I Õèìè÷åñêèé ñîñòàâ: îòëè÷èÿ TA è Auger ñîõðàíÿþòñÿ

I Èñòî÷íèêè: åñòü óêàçàíèÿ (ãîðÿ÷åå ïÿòíî è Cen A)

I Auger+TA: àíàëèç àíèçîòðîïèè ïî äàííûì íà âñåì íåáå

I Ðàáîòà ñîâìåñòíûõ ãðóïï ïðîäîëæàåòñÿ â ôîðìàòå
Auger+TA+IceCube+Yakutsk+KASCADE+Tunka,
ðåçóëüòàòû íà UHECR 2014 (12-15 îêòÿáðÿ 2014, Þòà)

I Áóäóùåå:
I ðåçóëüòàòû íèçêîýíåðãåòè÷åñêèõ ðàñøèðåíèé HEAT, TALE
I ìþîííûå äåòåêòîðû â Auger è TA
I ïðîåêò ðàñøèðåíèÿ TAx4 (+500 SD, øàã 2.08 êì)



Ñïàñèáî çà âíèìàíèå!



Backup slides



Area over peak - new SD observable

I Consider a surface station time-resolved signal

I Both peak and area are well-measured and not much a�ected
by �uctuations

I First introduced by Auger in the context of neutrino search
Phys.Rev.Lett. 100 (2008) 211101


