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Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

* Top production, mass, H t t production

. |* Possible connection to X(750)
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Why we are so excited by Run 2

. 2015 luminosity already explores new physws

LHC13 (4 fb~') vs LHC8 (20 b 1)
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Reported on Tuesday, Dec. 15

e Peaks in yvy invariant mass distributions
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with mass ~ 750 GeV decaying into 2 photons




“Who ordered that™

[.I. Rab1

He was talking about the muon ...




Much-Chased Ambulance
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Update on Thursday, March 17

e Peaks in yvy invariant mass distributions
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95% C.L. limit o(pp— S—YY) (fb)
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Hint of new X(750) particle has not gone away

Wait and see!

95% CL Upper Limit on o,,, x BR [fb]
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g L CM$ Preliminary 3.3 (13 TeV) + 19.7 fb" (8 TeV)
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Combined local significance ~ 50 iy

Combined global significance ~ 40 ik atadd



Global Analysis of X Signal

e Assume scalar/pseudoscalar (angular distribution?)
1e Combined analy31s of CMS and ATLAS data

3 J131ev(PP —> @ —> yy) [fb] s
e Some tension between data fom Run 1 and Run 2?

7 B TR MNP i v JE S. Elhs Quevﬂlon Sanz&You arXiv:1512.05327
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A, G (q) :

N\ A, G A, GY

* Decay to vy via anomalous triangle diagrams

<* Probably also production via gluon fusion
|* Loops need heavy particles, m > 350 GeV :
|+ Can’t be 4t" generation/minimal supersymmetry _

e
J'.

* Single vector-like quark enough, could be more |

Y T W

— 1: Single VL quark, cf, t; _
— 2: Doublet of VL quarks, cf, q;
— 3: Doublet + 2 singlets, cf, q; , tg, bg
— 4. Complete VL generation, including leptons |

. JE, S.Ellis, Quevillon, Sanz & You,
1o Assume gg decays dominant F5auEineey
R o R, e Kador Y T T A N ealts. ;10N



calar/Pseudoscalar Models_ fr X
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| Scalar/Pseudoscalar Models for_
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loops?

JE, S.Ellis, Quevillon, Sanz & You, arXiv:1512.05327
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How to Probe Possible Models?

e Other possible decay modes

LW
Model  Tr[Y*] TrD(r)’] grixor) BROw) BRG] BRGC)
1 8/3 0 180 1.2 0.090 0
2 1/3 3 460 10 9.1 61
3 11/3 3 460 1.1 2.8 15
: 4 20/3 4 180 0.46 2.1 11
| Current limit ~ 2 x 104 7 13 46

e Predictions < experimental limits
'- e Potentially accessible to experiment

|e Also look for heavy fermions!

* Work for a generation — if X particle exists!

|+ Will know in 2016

JE, S.Ellis, Quevillon, Sanz & You, arXiv:1512.05327
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Possible Future X Signal

\-— “.\‘5 g

e Assuming production by gluon-gluon fusion
P NOl‘mahZCd tO OB (YY) 6 fb Djouadi, JE, Godbole, Quevillon,

arXiv:1601.03696
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e PDF, ren’n scale uncertainties @ 100 TeV ~ 30%
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Cross Sections for Vector—lee Q

. Pa1r production at LHC, future cu‘cular coli

100
i o(pp—QQ) [pb]
10} /5=8,13,14,33,100 TeV

Djouadi, JE, Godbole, Quevillon,
arXiv:1601.03696

mq [TeV]

e Present lower mass limit ~ 800 GeV




Cross Sections for Vector—lee I

10 T T T ] 1

V6| TeV]
e Present mass limit < 400 GeV

Djouadi, JE, Godbole, Quevillon,
arXiv:1601.03696




Sensitivity to Vector-Like Q, L

Vector-like quark mass sensitivity

Vector-like lepton mass sensitivity

model 100fb~! 300fb~! 300fb—! 20ab~! 100fb~% 300fb~! 300fb~! 20ab~! .1
13 TeV 14 TeV 33 TeV 100 TeV |13 TeV 14 TeV 33 TeV 100 TeV H
1 1.4 1.7 3.1 11.7 - -
2 1.5 1.8 3.4 12.7 -
3 1.6 2.0 3.7 13.7 -
4 1.6 2.0 3.7 13.7 0.56

— Model 1: Single VL quark, cf, t,  ©ooitis ey eiiin

e Non-perturbative coupling required

arXiv:1601.03696

— Model 2: Doublet of VL quarks, cf, q;

e Non-perturbative coupling favoured

— Model 3: Doublet + 2 singlets, cf, q , tg, bg
* Perturbative range covered by LHC

— Model 4: Complete VL generation, including leptons
e Covering perturbative range needs higher energy




How do they mix with conventional q, 1?

Smgle Vector-Like Q, L Productlon

. Smgle productlon at LHC, future circular colhders
10 ¢ — :
| ( p—)lN) [ph}ohn Elll}s@cern.ch o (pp—>(_1Q) [pb]

f —8,13,14,33,100 TeV 10 | /5=8,13,14,33,100 TeV |

Djouadi, JE, Godbole, Quevillon,
arXiv:1601.03696
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e Assuming mixing angle with light fermions & = 0.1



Alternative Higgs Doublet Scenario

After singlet, doublet?

Heavy Higgses in 2 Higgs doublet model: ® = H, A
Nearly degenerate in many versions, e.g2., SUSY
Expect t tbar decays to dominate

Can accommodate 'y ~ 45 GeV (ATLAS)

Need larger enhancement of loops compared to
singlet model

Rich bosonic phenomenology
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® = H, A Decays in Doublet Model

| Dependences on tan 3 of branchmg ratlos F(D

1

Pq; [GeV]
Mg =750 GeV

0.1F

0.33 1 3 10
tanf

e Prefertan p ~ 1
Djouadi, JE, Godbole, Quevillon,

e Dominant @ decays to t tbar arXiv:1601.03696




Lineshape in pp Collisions

0.1 . . -

e +MSSM: tan 5 =1 do/dM.,,

¢« My—M, ~15Gev %
H A MA=750GeV

e [, I'y ~33,36 GeV | Mu=765 GeV
e 0B(A=>yy) =

0.04 +
2 X oB(H=>vv)
| Asymmetric 0.02 | ;
‘Breit-Wigner’ SH
Y R l l ? 600 650 700 750 800 850
esolvable M, [GoV]

~  Djouadi, JE, Godbole, Quevillon, arXiv:1601.03696



Fermlon Loop Form Factors
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 Enhanced if Mg ~ Mq)/ 2 Djouadi, JE, Godbole, Quevillon, arXiv:1601.03696




Obtaining Loop Enhancement

1000
Need loop enhancement

~5001f I' ~45 GeV

Vector-like generation
of quarks and leptons

3 doubly-charged

leptons

3 pairs of vector-like
leptons 10

Djouadi, JE, Godbole, Quevillon, arXiv:1601.03696

100 |

H+A
Kgg XYY

3x2 VLLS .........
3 dileptons s
VLQ+VLL =

0.2

0.3 04 05 06 0708091
my, [TeV]



Posmble o =H A S1gnals

1zed to GB(yy) 6 b @ 13 TeV

78 10 13 20 40 60
Djouadi, JE, Godbole, Quevillon, arXiv:1601.03696 \/§ [TeV]




Poss1ble H+ Slgnals

¢ @ 14, 100 TeV for varying My, ¢Mq, n general

10* ; . - . . ' . . 10°
gb = tHf —— gb - tH ——
qd = HEA/H e 3 . pp =+ H¥HF —— .

pp + H*HF — qq - HEA/H e

M, =750 GeV

My =750 GeV

200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
MHi [GeV]

Djouadi, JE, Godbole, Quevillon, arXiv:1601.03696
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ATLAS Search for Scalar >t t

* No sign of any feature in the t t mass spectrurn

ATLAS

10°

ATLAS S sm
Vs=8 TeV, 20.3 fb”

Ys=8 TeV, 20.3 fb™ ) SM Wijets
I+jets @m Other SM
—g _2.0TeV, 15.3%

~| —gKKOBTeV 15.3%

Obs. 95% CL upper limit
-------- Exp. 95% CL upper limit

10° Exp. 10 uncertainty

Exp. 2 ¢ uncertainty

Events/0.08 TeV

Opcair res. X BR(scalar res.— ff) [pb]

Data/BG

0‘5....1....1.5....2....2'5....

scalar resonance mass [TeV]

|+ Absence of peak interpreted as upper limit on

resonance production

. BUT 1nterference effects could give a DIP!

3 = N L Djouadi, JE&QueVﬂlon arXiv:1605.00542
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Interference Effects in Scalar =t t
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* Interference with gg=2t t background can give dip
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Interference Effects in Doublet =t t

* Interference with gg=2t t background can give dip
Bl A/H doublet -
I =36/33 GeV .
tanf=
? 0.90f s=13 Tev
t—a;Sli)zéeV
650 700 e 7[5GOeV] 800 850 650 700 e 7[5GOeV] 800 850
Top loop alone vs. + vector-like quarks 2
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“Plus un fait est extraordinaire,
plus il a besoin d’etre appuye de
fortes preuves”

Laplace, 1812

“The more extraordinary a claim, the
stronger the proof required to support it.”




12-May-2016 08:56:21 Fill #: 4916 Energy: 450 GeV I(B1): 7.77e+09 I(B2): 7.70e+09
ATLAS ALICE CMS LHCb

Experiment Status STANDBY STANDBY STANDBY STANDBY

Instantaneous Lumi [{ub.s)"-1] 0.000 0.000 0.000 0.000
BRAN Luminosity [(ub.s)/-1] 0.0 0.0 0.0 0.0

Fill Luminosity (nb)A-1 58867.137 0.000 0.000 3343.732
Beam 1 BKGD 0.000 0.000 0.000 0.000
Beam 2 BKGD 0.000 0.000 0.000 0.000

LHCb VELO Position Gap: 58.0 mm INJECTION PROBE BEAM TOTEM:

Performance over the last 24 Hrs Updated: 08:56:20
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Higgs champagne 1n Singapore

On the evening of 3 July 2012, Higgs
‘bottie of champagne wih s
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July 4 2016

The discovery of a
new particle?
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vy=2 X Signal at ete Colhder

For oB(yy) = 6 1b, assummg X=>gg dommant N

il Djouadi, JE, Godbole, Quevillon, ,.
o(yy— q>) [fb] arXiv:1601.03696
M¢—750 GeV

I'(® — vy)=1MeV

1

0.4 0.6 0.8 1 1.2 1.4
Efcam [TeV]

e Centre-of-mass energy ~ 1 TeV preferred!




Al 4O Slgnal at e*te” Collider

e For oB(yy) =6 1b,
assuming I (®=H,A)
=45 GeV

ete  centre-of-mass
energy ~ 1 TeV

Djouadi, JE, Godbole, Quevillon,
arXiv:1601.03696

do / dMnn [fb /GeV]

Ma =750 GeV
My=770 GeV
top+ VLFs

7600

6:50 760 7150
M., [GeV]




