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Äîêëàäû ATLAS è CMS 15 äåêàáðÿ 2015ã.
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Ïåðâûì áûë äîêëàä CMS CMS-PAS-EXO-15-004

âïåðâûå ïîêàçàíû ðåçóëüòàòû 6+17 íîâûõ ðàáîò (13 ÒýÂ, èþíü-íîÿáðü)

ýòî èíòåðåñíî äëÿ NP ñ (σ ×L)13ÒýÂ ,2.2 fb−1 > (σ ×L)8ÒýÂ ,19.8 fb−1

íå ïîäòâåðäèëñÿ ñèãíàë â WW , WZ , ZZ (V → j) 1.8-2ÒýÂ

ñèãíàë â γγ ïðè ïîèñêå RS-ãðàâèòîíîâ

òåõíè÷åñêèå ïðîáëåìû ñîêðàòèëè ñòàòèñòèêó (íà ∼ 20−30% îò ATLAS)

ñèãíàëà íåò â ñîáûòèÿõ ñ ôîòîíîì âäîëü ïó÷êà (ñì. ñïðàâà, EBEE)
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Äîêëàäû ATLAS è CMS 15 äåêàáðÿ 2015ã.
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Âòîðûì áûë äîêëàä ATLAS ATLAS-CONF-2015-081

çíà÷èòåëüíî (32 ïðåïðèíòà) áîëüøå íîâûõ ðåçóëüòàòîâ ÷åì ó CMS

íåò áîçîíà Õèããñà (ñèãíàë â ZZ ∗+ γγ íà 1.4σ ïðè îæèäàíèè 3.4σ)

èññëåäîâàíû 44 îáëàñòè ñèãíàëîâ äëÿ ñóïåðñèììåòðè÷íûõ îáîîáùåíèé
ÑÌ, Z ′, W ′, DM, BH, . . . (13 ÒýÂ, 3.5-3.2 fb−1)

ðîæäåíèå ãëþèíî, ñêâàðêîâ m = 1.5ÒýÂ èä¼ò ñ σ13ÒýÂ/σ8ÒýÂ = 35

3σ àíîìàëèÿ ATLAS MET + Z (→ e+e−) → 2.2σ

íå ïîäòâåðæäàåòñÿ 3.4(2.5)σ ñèãíàë â WW , WZ , ZZ (V → j) 1.8-2ÒýÂ

ñèãíàë â γγ ïðè ïîèñêå ñêàëÿðà
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Äîêëàäû ATLAS è CMS 15 äåêàáðÿ 2015ã.
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Àíîìàëèÿ óçêîãî ðåçîíàíñà ATLAS-CONF-2015-081
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Äîêëàäû ATLAS è CMS 15 äåêàáðÿ 2015ã.
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Çíà÷èìîñòü àíîìàëèè è îöåíêà øèðèíû

Øèðèíà ðåçîíàíñà Γ ìåíüøå ðàçðåøåíèÿ ∆Mγγ 750ÃýÂ

p = 3.6σ p = 2.0σ ó÷èòûâàÿ ïîèñê ïðè 0.2-2.0ÒýÂ

∆Mγγ = 2−13ÃýÂ

Øèðèíà ðåçîíàíñà Γ áîëüøå ðàçðåøåíèÿ ∆Mγγ 750ÃýÂ

Γ/Mγγ ≈ 0.06
Γ≈ 45ÃýÂ

p = 3.9σ 2.3σ ñ ïîèñêîì ïðè Mγγ = 0.2−2ÒýÂ è Γ/Mγγ < 0.1
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Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû
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CMS: äîîáðàáîòêà íà 13 ÒýÂ γγ CMS-PAS-EXO-16-018
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Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû
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CMS: îöåíêà ñå÷åíèé CMS-PAS-EXO-16-018

 (fb)γ γ B⋅ 13TeVσ
0 2 4 6 8 10

 lo
g 

L
∆

-2
 

0

1

2

3

4

5

6

m=750 GeV, J=0
-2 10× = 0.014 m

Γ
 
Combined
8TeV
13TeV

 (8 TeV)-1 (13 TeV) + 19.7 fb-13.3 fbCMS Preliminary

 (fb)γ γ B⋅ 13TeVσ
0 2 4 6 8 10

 lo
g 

L
∆

-2
 

0

1

2

3

4

5

6

m=750 GeV, J=2
-2 10× = 0.014 m

Γ
 
Combined
8TeV
13TeV

 (8 TeV)-1 (13 TeV) + 19.7 fb-13.3 fbCMS Preliminary

CMS: 13ÒýÂ, 3.3 fb−1

m = 760ÃýÂ, Γ/m = 1.4×10−2 çíà÷èìîñòü p = 2.9(2.8)σ äëÿ s=0(2)

CMS: 8+13ÒýÂ,

m = 750ÃýÂ, Γ/m = 1.4×10−4 çíà÷èìîñòü p = 3.4σ

→ p = 1.6σ ó÷èòûâàÿ èíòåðâàë ìàññ
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Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû
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CMS: ðàçëè÷èå îöåíîê 2015 è 2016 (îøèáêà 8ÒýÂ)
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Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû
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ATLAS: ðåçóëüòàòû âåñíû ATLAS-CONF-2016-018

ATLAS: 13ÒýÂ, 3.2 fb−1 m = 750ÃýÂ
Γ/m = 1.4×10−2 çíà÷èìîñòü p = 3.9(3.6)σ äëÿ s=0(2)
Γ≈ 45(48)ÃýÂ → p = 2.0(1.8)σ ó÷èòûâàÿ èíòåðâàë ìàññ 0.2-2ÒýÂ è øèðèí 1%-10%
ATLAS: 8ÒýÂ, 20.3 fb−1 ïðè m = 750ÃýÂ
ñèãíàë 1.9σ , Γ/m = 0.06 äëÿ s=0 ðàçíèöà 1.2(2.1)σ äëÿ gg(qq̄)→ X

íåò ñèãíàëà äëÿ s=2 → 2.7(3.3)σ äëÿ gg(qq̄)→ X
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Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû
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Ïîäâîäÿ èòîã

ATLAS

3.9(2.3)σ

Mγγ = 750ÃýÂ

Γγγ = 45ÃýÂ

13ÒýÂ:

σpp→X ×Br(X → γγ) = (10±3) fb

3.2 fb−1

8ÒýÂ:

σpp→X ×Br(X → γγ) = (0.4±0.8) fb

òî÷íî(?) íå s = 2

CMS

2.9(1.4)σ

Mγγ = 760ÃýÂ

Γγγ ≈ 0ÃýÂ

13ÒýÂ:

σpp→X ×Br(X → γγ) = (3.7±1.4) fb

3.3 fb−1

8ÒýÂ:

σpp→X ×Br(X → γγ) = (0.5±0.6) fb

íåò àíîìàëèé â Z γ, ZZ , WW , gg, hh

Ïîìíÿ î âñåõ ïðîáëåìàõ è íåîïðåäåë¼ííîñòÿõ . . .

. . . à âñ¼ æå åñëè . . .

ýòî íîâàÿ ôèçèêà ? íåéòðàëüíûé áîçîí
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Ðåàêöèÿ òåîðåòèêîâ
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Ñòàòèñòèêà ïåðåãðåòûõ �òåîðåòèêîâ�

ê 18 àïðåëÿ áûëà 296 ññûëêà íà ðàáîòó ATLAS

8 äîáàâèëè ññûëêó çàäíèì ÷èñëîì

8 îòïðàâèëè ïðåïðèíòû â arXiv â äåíü äîêëàäà
� ïåðâàÿ ïîñëàíà ñïóñòÿ 30 ìèíóò ïîñëå îêîí÷àíèÿ äîêëàäà
� îáú¼ì: 6, 23, 6, 19, 45, 6, 21, 3 ñòðàíèö

ñàìàÿ öèòèðóåìàÿ ñòàòüÿ (252 ññûëîê):
� 10 àâòîðîâ (7 èç ÖÅÐÍ), 45 ñòðàíèö, ïåðâûé äåíü, â íåé åñòü ÂÑ�
What is the resonance at 750 GeV?
Roberto Franceschini, Gian F. Giudice, Jernej F. Kamenik, Matthew
McCullough, Alex Pomarol, Riccardo Rattazzi, Michele Redi, Francesco Riva,
Alessandro Strumia, Riccardo Torre
� âòîðàÿ (192) íà 2-é äåíü, John Ellis et al.
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Ðåàêöèÿ òåîðåòèêîâ
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Åñòü ëè îòâåòû â �Áèáëèè� ?
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Ðåàêöèÿ òåîðåòèêîâ
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Îòâåòû èç �Áèáëèè�

Ñîëèñòû è õîðîâûå êîëëåêòèâû

íåñòàíäàðòíûå áîçîíû Õèããñà

äîïîëíèòåëüíûå ñêàëÿðû

ñãîëäñòèíî

ñíåéòðèíî

òåõíèïèîíû

ìàññèâíûé ãðàâèòîí

äîïîëíèòåëüíûå ðàçìåðíîñòè

SUSY ñ íàðóøåííîé R-÷¼òíîñòüþ

òÿæ¼ëûå êâàðêè

ò¼ìíàÿ ìàòåðèÿ

Z ′, W ′

ñóïåðñèììåòðèÿ

ñîñòàâíîñòü

òÿæ¼ëîå ìàéîðàíîâñêîå íåéòðèíî
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Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .
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Îáùèé àíàëèç
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Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .
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Íåéòðàëüíûé áîçîí (I)

åñëè ðàñïàä X → γγ, òîãäà ñïèí s = 0, 2 ÊÊ ãðàâèòîí

(òåîðèè ×åðíà�Ñàéìîíñà...?)

íåéòðàë, ïîýòîìó âçàèìîäåéñòâèÿ Xgg è Xγγ ýôôåêòèâíûå

� êàê ó Õèããñà ÑÌ, íî íóæíû íîâûå ÷àñòèöû: ë¼ãêèå èëè ìíîãî

αXgg ∝ αs
Nf
Mf

αXγγ ∝ α
e2

f Nf

Mf

� ðîæäåíèå (íå?) ÷åðåç γγ → X óñèëåíèå ÊÊ-ìîäàìè

� ðîæäåíèå íå(?) ÷åðåç qq→ X
� �âåêòîðíûå� êâàðêè èëè ëåïòîíû

� áîçîíû ëó÷øå äëÿ EW-âàêóóìà Õèããñ-èíôëÿöèÿ, èëè X ýòî èíôëàòîí

� ñìåøèâàíèå ñ Õèããñîì îãðàíè÷åíî

äðóãèå âàðèàíòû â ñóïåðñèììåòðèè

� ñíåéòðèíî â ìîäåëÿõ ñ íàðóøåíîé R-÷¼òíîñòüþ
� ñáèíî â ìîäåëÿõ ñ äèðàêîâñêèìè áèíî
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Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .
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Íåéòðàëüíûé áîçîí (II)

H, A, n, φ , . . . â ñëîæíîì õèããñîâñêîì ñåêòîðå: (N)MSSM, 2HDM,
äîïîëíèòåëüíûå ñêàëÿðû, äóáëåòû, EW-áàðèîãåíåçèñ ?

óñëîæíåíèå êàëèáðîâî÷íîãî ñåêòîðà: SU(5), SO(10), E6, SU(2)L×SU(2)R ,
U(1)B−L,

ìåõàíèçì êà÷åëåé II, ðàäèàöèîííûå ìåõàíèçìû äëÿ ìàññ íåéòðèíî ...

� êàê ïðàâèëî, òðåáóþòñÿ íîâûå çàðÿæåííûå ÷àñòèöû

Ãîëäñòîóíû èëè èõ �ïðèÿòåëè� êàê π0→ γγ

� òÿæ¼ëûé àêñèîí,

� êîëîðîí

� äèëàòîí,

� ðàäèîí, áðàíîíû ìîòèâèðîâàíû òåîðèåé ñòðóí

� ñãîëäñòèíî

íîâûå ÷àñòèöû íà ìàñøòàáå #ÒýÂ

U(1)Y : æä¼ì X → γZ , X → ZZ ; âîçìîæíî X →WW , X → gg
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Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .
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Îäíà èç ïðîáëåì: áîëüøàÿ øèðèíà

Åñëè ATLAS ïðàâ è ∆Mγγ/Mγγ ≈ 0.06

øèðèíà ∆Mγγ/Mγγ êàê ó àäðîíîâ â ÊÕÄ

� òåõíèöâåò

�òåõíèöâåò â ñêðûòîì ñåêòîðå (êâèðêè)

äîìèíèðóåò íåâèäèìàÿ ìîäà (ðàñïàä â ò¼ìíóþ ìàòåðèþ?)

� X →DM+DM ïîèñêè îäèíî÷íûõ ôîòîíîâ è ñòðóé

âèäèì ðàñïàäû íåñêîëüêèõ âûðîæäåííûõ ÷àñòèö

ýòî íå ðàñïàä 1→ 2
� X → γγ + B B íåâèäèìêà

� A→ π ′π ′→ 4γ ë¼ãêèå (ñêðûòûå) òåõíîïèîíû π ′
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Ïðÿìî òàêîå êòî-íèáóäü ïðåäñêàçûâàë?

Â íàó÷íîì ñîîáùåñòâå íåò...

ìàñøòàá íàòóðàëüíîñòè ïî Âåëüòìàíó...?

ìàëîñòü ïîïðàâîê ê ìàññå áîçîíà Õèããñà

m2
h > ∆m2

h
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Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .
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Homer boson. . .
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Outline

1 Äîêëàäû ATLAS è CMS 15 äåêàáðÿ 2015ã.

2 Ïðåäñòàâëåííûå âåñíîé ðåçóëüòàòû (13 ÒýÂ è 8 ÒýÂ)

3 Ðåàêöèÿ òåîðåòèêîâ

4 Ìîäåëè, ïðîáëåìû, ïðåäñêàçàíèÿ. . .

5 Ïåðñïåêòèâû
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Áëèæàéøèé ãîä: Ñèìïñîíû â Ñòîêãîëüìå ?
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Âñå ìîäåëè ïðåäñêàçûâàþò î÷åíü ìíîãî íîâûõ ÷àñòèö !
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5 ëåò íàçàä â ýòîì çàëå. . .
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LHC:
êîíåö èëè íà÷àëî íîâîé ôèçèêè?

Äìèòðèé Ãîðáóíîâ

Èíñòèòóò ÿäåðíûõ èññëåäîâàíèé ÐÀÍ, Ìîñêâà

×åòâ¼ðòûå ×åðåíêîâñêèå ÷òåíèÿ

12 àïðåëÿ 2011

Äìèòðèé Ãîðáóíîâ (ÈßÈ) 12 àïðåëÿ 2011 ÔÈÀÍ, Ìîñêâà 1 / 27



Äðóãèå ïðîáëåìû Ñòàíäàðòíîé ìîäåëè...
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×òî åù¼ áûëî áû èíòåðåñíî îáúÿñíèòü

Êâàäðàòè÷íûå ðàñõîäèìîñòè � ñòàáèëüíîñòü ìàññû áîçîíà

Õèããñà

Èåðàðõèÿ ìàñøòàáîâ âçàèìîäåéñòâèé MW �MPl ?

Λ�M4
Pl ,M

4
W ,Λ4

QCD ?

ΩΛ 6= 0 ?

ΩB ∼ ΩDM ∼ ΩΛ ?
δT 2

CMB
T 2

CMB
∼∆B ∼ 10−10 ?

θGµνGλρεµνλρ , θ < 10−9 ?

me�mτ �mtop ?

. . .

Íåò ðåäêèõ ïðîöåññîâ ñ íàðóøåíèåì àðîìàòîâ (FCNC, etc), ïðîòîí

ñòàáèëåí, . . . Ñðàçó �ìíîãî� èëè ñîâñåì ìàëî íîâîé ôèçèêè

Äìèòðèé Ãîðáóíîâ (ÈßÈ) 12 àïðåëÿ 2011 ÔÈÀÍ, Ìîñêâà 27 / 27
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Backup slides
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Ïîèñêè Õèããñà â ýêñïåðèìåíòå ATLAS 3.2 fb−1

Nevents ≈ 113±74 + 43/−25 ñîâìåñòíîñòü 1.3σ

2.8σ (íàéäåíî 0.7σ) 1.9σ (íàéäåíî 1.5σ) 3.4σ (íàéäåíî 1.4σ)

ATLAS-CONF-2015-059 ATLAS-CONF-2015-060 ATLAS-CONF-2015-069
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Ïðèìåðû àíîìàëüíûõ ñèãíàëîâ â ATLAS 3.2 fb−1

ATLAS-CONF-2015-059
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Ïðèìåðû àíîìàëüíûõ ñèãíàëîâ â ATLAS 3.2 fb−1

ATLAS-CONF-2015-072 ATLAS-CONF-2015-070
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Z γ 8, 13 ÒýÂ ATLAS-CONF-2016-010
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ATLAS: øèðèíû äëÿ s=0 ATLAS-CONF-2016-018
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ATLAS: øèðèíû äëÿ s=2 ATLAS-CONF-2016-018
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ATLAS: ðåçóëüòàò äëÿ s=0 ATLAS-CONF-2016-018
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ATLAS: ðåçóëüòàò äëÿ s=2 ATLAS-CONF-2016-018
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CMS: øèðèíû γγ äëÿ s = 0,2 CMS-PAS-EXO-16-018
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CMS: êîìáèíàöèÿ 8, 13 ÒýÂ CMS-PAS-EXO-16-018
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Îöåíêà øèðèíû ðåçîíàíñà (RS: Γ/M ≈ 1.4 κ̄2)

Øèðèíà ìåíüøå ðàçðåøåíèÿ γγ Γ = 0.06×Mγγ
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p = 2.6σ < 1.2σ ó÷èòûâàÿ ïîèñê ïðè 0.5-4.5ÒýÂ
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Ïîèñêè ïðè 8 ÒýÂ CMS-PAS-EXO-15-004
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EXO-12-045, HIG-14-006
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Çíà÷èìîñòü 3.0σ ïðè 750ÃýÂ → < 1.7σ
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