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Discovery of the Higgs boson: A new kind of particle

% 2400 : T T T T | T T [ T T T T | T T T T | T T T T | :
9 2200— Selected diphoton sample —
% — ° Data 2011 and 2012 =
S 2000 — Sig + Bkg inclusive fit (m =126.5 GeV) I
> " _
m 1800 . ¥ T T L L EE L 4th order polynomial -
1600 PR—
= \s=7TeV,-"Ld'(=4.8fb1 ]
1400 —
1200 \s=8 TeV,J Ldt=59fb" —
1000 — —
[ + —
800 — —
600 — —
400— —
200~ ATLAS Preliminary =
= | | | | | -
xU) 1 00 — voor ot I I | | I —
m — : —
. | + t, 1 ) + + -
g o R
a - 4t =
-100— + —
sl ST R SR SR ' PR R NN T S SN SN SN SR SN S S SN S S S S S S S S S

100 110 120 130 140 150 160
m,, [GeV]

@

CMS Preliminary
\s=7TeV,L=5.11b"
\Is=8TeV,L=53fb"

—e— S/B Weighted Data

S+B Fit
------ Bkg Fit Component

[ +20

4 July 2012: A milestone in the history of physics
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Discovery of the Higgs boson: A new kind of particle

The Standard Model of particle physics is complete!

The Higgs mechanism predicts the existence of a
medium penetrating all of spacetime (like an ether) o

In any relativistic quantum theory a field can be
excited to vibrate — the vibrations of the Higgs

medium consist of Higgs bosons

The Higgs discovery provides an experimental proof A A
for the existence of the Higgs medium

Electromagnetic
field strength

Higgs field
strength
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Is it the Higgs boson of the Standard Model?

Properties of the Higgs bosons:

19.7 b (8 TeV) + 5.11b' (7 TeV)
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iggs couplings are Standard Model-like
within present experimental accuracy!
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Is it the Higgs boson of the Standard Model?

“This could be the discovery of the century.
Depending, of course, on how far down it goes.”
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Is Nature natural?

Natural
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M. Strassler 2013
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Is Nature natural?

Hierarchie problem suggested that a “natural” theory \

of electroweak symmetry breaking should contain

new colored particle near the weak scale

Supersymmetric “shadow” particles
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Where are they?

Matthias Neubert: Beyond the Higgs Boson




Is Nature natural?

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 fl: dt = (4.6-229)fb~' +s=7,8TeV =
i _— arricies
Model e T,y Jets ELY [Ldrb'] Mass limit Reference
L] L] L] L] I L] 1 L] L] T L] 1 L] I L] 1 1 T L] T 1
MSUGRA/CMSSM 0 26jets  Yes 203 1.7TeV m(@)=m() ATLAS-CONF-2013-047
MSUGRA/CMSSM le,u  36jets  Yes 203 1.2 TeV any m(3) ATLAS-CONF-2013-062
MSUGRAéCMSSM 0 7-10 jets 20.3 1.1 TeV any m(g) 1308.1841

4,8
8
» Yes 8
L 45, 4-97) 0 26jets Yes 203 |§ 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
e 33, g—>qq/\~/(|) . 0 2-6jets  Yes 20.3 8 1.3 TeV m(¥1)=0 GeV ATLAS-CONF-2013-047
3 32 g—>qq/\7f—>qui,%1 Tepu 3-6jets Yes 203 F4 1.18 TeV m(¥!)<200 GeV, m(¥*)=0.5(m(t})+m(3)) ATLAS-CONF-2013-062
] 88, 3—qq(ll/ty %224 2e,p 0-3 jets - 20.3 g 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
Q  GMSB (/NLSP) e 24jets  Yes 4.7 (LA e tang<15 12084688
‘@ GMSB (/ NLSP) 1271 0-2jets Yes 207 |2 1.4 TeV tans >18 ATLAS-CONF-2013-026
S  GGM (bino NLSP) 2y - Yes 203 | 1.28 TeV m(7%)>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Tepu+y - Yes 4.8 m(t")>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(t})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
S5 z—bbY) 0 3b Yes 201 |z 1.2 TeV m(¥)<600 GeV ATLAS-CONF-2013-061
S g g—»n‘)?g 0 7-10jets  Yes 203 |& 1.1 TeV m(¥}) <350 GeV 1308.1841
2 ey & 0-1e,p 3b Yes 201 |2 1.34 TeV m(¥})<400 GeV ATLAS-CONF-2013-061
- g—biX| 0-1e,pu 3b Yes 201 |2 1.3 TeV m(t})<300 GeV ATLAS-CONF-2013-061
biby, bi—b¥) 0 2b Yes 201 |h 100-620 GeV m(¥})<90 GeV 1308.2631 Supersymmetric “shadow” particles
o o biby, bj—tXy 2e,u(SS) 030 Yes 20.7 by 275-430 GeV m(¥7)=2 m(t}) ATLAS-CONF-2013-007
<.9 #i(light), 7 —bXT 1-2e,pu 1-2b Yes 47 |7 110-167 GeV m(t})=55 GeV 1208.4305, 1209.2102
S S aifi(light), i —WbE] 2e.p 0-2jets  Yes 203 |7 130-210 GeV m(¥}) =m(7 )-m(W)-50 GeV, m(7,)<<m({7) 1403.4853
S8 i (medium), 7, —>z)?~?+ 2e,pu 2jets Yes  20.3 b 215-530 GeV m(¥})=1 GeV 1403.4853
< g fif; (medium), 7, —>g)(|_ 0 2b Yes 20.1 0 150-580 GeV m(¥})<200 GeV, m(¥})-m(¥})=5 GeV 1308.2631
8,3 7171 (neavy), 7 —m\:/ 1eu 1b Yes 20.7 h 200-610 GeV m(X’E):O GeV ATLAS-CONF-2013-037
~ O 7i (heavy~)bt~] —iX 0 2b Yes 20.5 h 320-660 GeV m(¥,)=0 GeV ATLAS-CONF-2013-024
T i, fi—ock 0  mono-jet/c-tag Yes  20.3 |4 90-200 GeV m(f)-m(¥])<85GeV ATLAS-CONF-2013-068
7171 (natural GMSB) 2e,u(2Z) 1b Yes 20.3 f 150-580 GeV m(¥})>150 GeV 1403.5222
hiy, h—t +Z 3e,u(2) 1b Yes 203 |#& 290-600 GeV m(t})<200 GeV 1403.5222
RURE I—et) 2e,pu 0 Yes 20.3 7 90-325 GeV m(¥Y)=0 GeV 1403.5294
G XiX7, X =Tty 2e,p 0 Yes 203 |i} 140-465 GeV m(})=0 GeV, m(Z, #)=0.5(m(¥7)+m(¥})) 1403.5294
= o XXy, X —v(v) 27 - Yes 207 | ¥ 180-330 GeV m(¥)=0 GeV, m(z, »)=0.5(m(¥])+m({})) ATLAS-CONF-2013-028
w3 ):(i:ngngLq(ovy), UL L) 3e,u 0 Yes  20.3 xz,\:fg 700 GeV m(/\71i)=m(/\7(2))~, m(X’?)~=OO, m(cj,o 7)=0.5(m(7)+m(t})) 1402.7029
X GoWY ZX) 2-3ep 0 Yes 203 XXy 420 GeV m(¥T)=m(3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
X1X2—WX hXi Tepu 2b Yes 20.3 X15X, 285 GeV m(¥7)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
8 @ Direct ¥1X] prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m(¥})-m(¥})=160 MeV, T(¥{)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 229 g 832 GeV m(¥})=100 GeV, 10 us<t(z)<1000 s ATLAS-CONF-2013-057
DT GMSB, stable #, V1 —7(@, j)+r(e, ) 1-2 1 - - 15.9 = 10<tanB<50 ATLAS-CONF-2013-058
S & GMSB, A??—»yé, long-lived b& 2y - Yes 4.7 0.4<7(¥))<2 ns 1304.6310
- 33, X1 —qqu (RPV) 1, displ. vix - - 203 |4 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, Vr—e + u 2e,u - - 4.6 A;,,=0.10, 1,3,=0.05 1212.1272
> Bilinear RPV CMSSM 1eu 7 jets Yes 4.7 m(g)=m(g), ctrsp<1 mm ATLAS-CONF-2012-140
& XIXT, X W), X —eei,, e, dep - Yes 207 ,\"z 760 GeV m(¥})>300 GeV, 5,50 ATLAS-CONF-2013-036
XX, XWX X —>ttve, etiy  Bepu+T - Yes  20.7 | X} 350 GeV m(¥})>80 GeV, 133>0 ATLAS-CONF-2013-036
§—999 0 6-7 jets - 203 |2 916 GeV BR()=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—hit, fi—bs 2¢.u(SS) 03b Yes 207 |2 880 GeV ATLAS-CONF-2013-007
L Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 sgluon ~ 100-287 GeV incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—tf 2e,u (SS) 2b Yes 14.3 sgluon - 350-800 GeV ATLAS-CONF-2013-051
'6‘ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

L L L 1 I L 1 L L L L 1 L I 1 1 'l 1 L L L
s/'=8TeV -
- - full data 107 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Where are they?
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Hints for New Physics

Dark matter, flavor anomalies and diboson resonances




On the verge of another discovery?

While we have not observed any of the expected
faces of new physics, there exist several tantalizing

nints of effects which cannot be explained by the
Standard Mode|

e Dark matter

- Neutrino masses and mixings

« Anomalous magnetic moment of the muon
e Various anomalies in the flavor sector

e Hints for new heavy resonances from the LHC
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Anomalies in the flavor sector

~3.50 (g —2), anomaly
~ 3.50 non-standard like-sign dimuon charge asymmetry
mms ~ 3.50 enhanced B — D)7v rates
med ~ 350 suppressed branching ratio of Bs — ¢t~
~ 3o tension between inclusive and exclusive determination of | V|
~ 3o tension between inclusive and exclusive determination of | Vg
anomaly in B — K*u™p~ angular distributions
SM prediction for €' /e below experimental result

lepton flavor non-universality in B — Kyt~ vs. B — Kete™

non-zero h — 7u

Wolfgang Altmannshofer (UC) Theoretical Advances in Flavor Physics January 14, 2016 18/ 34

(Wolfgang Altmannshofer, Aspen Winter Conference on Particle Physics 2016)




Flavor anomalies: Enhanced B=-D")tv rates

9? O.S 7 1 1 1 | ! ! J J | ' ' ' ' | -
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Semileptonic decays with tau leptons are 3.50 higher than SM prediction!
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Flavor anomalies: Suppressed B; = @ u*u branching ratio@

LHCb 1506.08777

'qlr'_1 9:_ | I I I I | I I I I | I I |_:
G E LHCb =
e = =
L SE SM pred_ 3
O = -
'“:T"’: 6;—. t Data _;
< E L e
T 4 . Ai—Z
3 = =
3. 3F + —=
=, = -]' -
S 2F =
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= 5 10 15

=

q> [GeV~</c*]

Branching ratio in region 1 GeV? < g% < 6 GeV? is 3.50 lower than SM prediction!
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Flavor anomalies: B—=>K u*u- angular distributions @

LHCb 1512.04442

‘I:':H T
g ) -
- LHEh Decay obs. ¢? bin SM pred. measurement pull
- BY — K*0ut Fr, 2,4.3] 0.81£0.02 0.26+£0.19 ATLAS +2.9
| - SM from DHMYV BY — K*0utpu~ Fr [4,6] 0744004 0.614+0.06 LHCb +1.9
- BY — Kt~ Ss [4,6) —0.334+0.03 —0.15+0.08 LHCb —2.2
0 :*_++ BY — K*0ut P! [1.1,6] —0.444+0.08 —0.05+0.11 LHCb -29
- i BY — Kt~ P! [4,6] —0.77+£0.06 —0.304+0.16 LHCb —2.8
E $ + P B~ — K* pfp~ 10" 9% [4,6]  054+008 026+0.10 LHCb +2.1
- B — Ko%utp~ 10° 43 [0.1,2] 271+0.50 1.26+0.56 LHCb +1.9
B BY— ROt~ 108 4BR [16,23] 0.93+0.2 0.37£022 CDF 422
-2 l:_ Altmannshofer, Sraub (arXiv:1503:06199)
i T TR T BT SR T
() 3 10 15

g* [GeV?/c*]

2.80 deviation in g4 bin between [4, 6] GeV? (3.00 in bin [6, 8] GeV?) !
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Flavor anomalies: B=>Ku*u vs. B—=>Ke'e-

LHCb 1406.6482

- L .HCb —m-BaBar —a—Belle

N 2_ SRR LA LA AL B I B
= I [LHCb :
1.5 I -
IF 4 YR
0.5 -
- - F(B — KM+M_) - 4+0.090 | -
: Ry = DB S Rete) - 0.745 F9-999 + 0.036 :
0
0 5 10 15 20

g2 [GeV?#/c?]

2.60 hint for a violation of lepton flavor universality!
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Flavor anomalies — reason for excitement

The flavor anomalies in rare B-meson decays are:
« INn Mmany cases statistically significant
¢ seen by more than one experiment

« provide a coherent picture when interpreted in
terms of new physics contributions to one or two
operators in the effective weak Hamiltonian

4G
VAR VA C,O;

Heff —

Matthias Neubert: Beyond the Higgs Boson

@

Coefficient Best fit 10 30 Pullgy
CHF —0.02 [-0.04,—-0.00] [-0.07,0.04] 1.1
Co'F —1.11  [-1.32,-0.89] [-1.71,—-0.40] 4.5
CIY 0.58  [0.34,0.84] —0.11,1.41] 2.5
¥ 0.02 [-0.01,0.04] —0.05,0.09] 0.7
cir 0.49  [0.21,0.77] —0.33,1.35] 1.8
oY —0.27 [-0.46,—0.08] [-0.84,0.28 1.4
cit = CY —0.21  [-0.40, 0.00] —0.74,0.55] 1.0
cot = -Cy —0.69 [-0.88,—-0.51] [-1.27,—0.18] 4.1
Cot =—-CcyF —1.09 [-1.28,-0.88] [-1.62,—0.42] 4.8

Descotes-Genon, Hofer, Matias, Virto (arXiv:1510:04239)
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Flavor anomalies — reason for excitement

The flavor anomalies in rare B-meson decays are:
« INn Mmany cases statistically significant
¢ seen by more than one experiment

« provide a coherent picture when interpreted in
terms of new physics contributions to one or two
operators in the effective weak Hamiltonian

4G
VAR C,O;

Heﬁ —
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Descotes-Genon, Hofer, Matias, Virto (arXiv:1510:04239)
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A new diboson resonance near 2 TeV in Run-|l ?
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A new diphoton resonance near 750 GeV in Run-Il ?
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This has created a tsunami of theoretical papers
over the Christmas holidays ...
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The experimental and theoretical implications of heavy di-gauge boson resonances that couple to, or are comprised of, new < prev | next >
charged and strongly interacting matter are investigated. Observation and measurement of ratios of the resonant di-gauge new | recent | 1512

boson channels WW, ZZ, vy, Zy, and gg in the form of di-jets, provide a rather direct -- and for some ratios a rather robust -
- probe of the gauge representations of the new matter. For a spin-zero resonance with the quantum numbers of the vacuum,
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One Leptoquark to Rule them All

Part |: Flavor anomalies
Based on a collaboration with Martin Bauer (arXiv:1511:01200)




A minimal leptoquark model

We add a single leptoquark ¢ ~ (3,1)_1,3 to the At tree level, this gives rise to e.g.:
Standard Model, with couplings:
b v b v
Ly = (Du¢)TDu¢_M£‘¢|2 _ghgb‘q)‘2‘¢|2 : :
+ QAN L ¢ + 1S Aer ¢* + h.c. ¢ ! ¢
After rotation to the mass basis, we have: T j T j
Ly > uy, Loer " —dS NS v o* +uR)\ er ¢ +h.c.
Wil need:
with: ‘ * .
Vi Ave = Mg, Ue )\L VCKM)‘ U ~|+ @ 6

UV completion: ¢ could be the right-handed
sbottom of a split SUSY model, with left-handed
couplings derived from the R-parity violating terms )\56 ~ | o .

in the superpotential (expect |A\?| < |A*])
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Explanation of the enhanced B—>D!"'tv rates

- oS,k 77—
a - —— BaBar, PRL109,101802(2012) AXZ =10
EZ 045F = Belle,arXiv:1507.03233 —
B LHCb, arXiv:1506.08614 ]
B = Average
04 — i
0.35— —
03 = =
025F — . —
N SM prediction P(y2) = 55%
o2t
0.2 0.3 04 0.5 0.6
R(D)

Semileptonic decays with tau leptons
are 3.50 higher than SM prediction!
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Model-independent operator analysis:

V2

@

AGF | 1 (1,01) ~(1,11)
H=—=Va Oy, + 5 ZC O,

lo,

/4
Cs,

Freytsis, Ligeti, Rudermann (arXiv:1506:08896)




Explanation of the enhanced B—>D!"'tv rates @

Leptoquark contribution: Model-independent operator analysis:
4G R 1 Z (1,01) ~(1,11)
b - | ’ ’
7’[ — W Vcb OVL | A2 i CZ O‘L

g? distribution:

N@ | o
< i
~ ,
h L
E L
— ] _4
~— i
- | i 6 A=1TeV ]
0.1 T R R 8 -6 -4 -2 0 2
V{4
4 6 8 10 12 CSR

Freytsis, Ligeti, Rudermann (arXiv:1506:08896)
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Bound from B—=K")vv rates

Leptoquark contribution:

b . Vv
; 1 . _ _j |
¢ E £g¢) - W )\SLV»L )\lgw SL/Y,UJbL VL/YMV%
: ¢
'\ S
”,

Interference with SM vyields for R,z = I'/T'swu:

R _ 1 _ 2r Re (AL)‘LT)bs | r? ()‘LALT)bb ()‘L)‘LT)SS
- 3 Vin Vi 3 \thv{gf
with: - S%V 1 m%v ~ 101 TeV?
202 Xo(z) M2 M
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@

Current BaBar bound R,z < 4.3 @ 90% CL implies:

o “

C(AIALD), 93
VoVio " TeV? |

1.2 - 1 R
— Re
TeV?2 Mq%

J




Constraints from Bs mixing and B—> Xy

Leptoquark contribution:

Correction to SM mixing amplitude:
- -2

L L
oW o) _qy L mhy [N,
° g SO('CEt) qu L ‘[tb‘/vts |

Best fit value:

f

1

1 (ARART), 187+ 0.45i

Bona et al., UTfit collaboration (arXiv:0707.0636)
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Leptoquark contribution:

Correction to SM amplitude:

2 L\L
() — CSM + v ()\ A T)bs
T Ty 12M,, ViV,

Correction to branching ratio of order 1% or less,
below current level of sensitivity




Explanation of the Rk and B—=>K u*u- anomalies @

LHCb 1406.6482

- 1LHCb —-m-BaBar —-a—Belle

N 2_""|""|""| L B
= i LHCDb :
1.5 L ]
I |
- SM
—h—
0.5_— —

g% [GeV?/ ]

2.60 hint for a violation of lepton flavor universality!
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Model-independent operator analysis:

1Gr, .
Heff: \/_‘/tb t847'(' ZC

with:
Oy = [57, PO [(y"L],  O19 = [57, Prb] ey 5]

Take new linear combinations:
01 = (05— 01)/2, OLp=(05+05)/?
ORL = (O 0,180)/2» ORR = (O ée T Oieo)/?

A good fit Is obtamed for:

N

( C’ZL ~ =1l C’,L“j = 0 otherwise |

|

e

Hiller, Schmaltz (arXiv:1408.1627/)




Explanation of the Rk and B—=>K u*u- anomalies

Leptoquark contributions:

1% @
H ——— S e EERLEEEELEEEELLS — U
4 t 14 1
—_— e S p ——demmemeeoeeeee S
° 5 3 5
Contributions to Wilson coefficients
p(e) | My 2 1 V2 Lty L
Cri = 8maM; Al Gira GrM; (A )
2 M? - \/§ ( AL )\LT)
ple) _ My R |? o B bs (\RT\R
CLr 16ma M A lln m? / (xt)] 64dra GpM; ViV (ATAT)

1

* \/\A5M2+A5M2+<1 (3\;7
: 5

)‘)\ ‘ > 2.36 |

Y
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Model-independent operator analysis:

141G

Heff: \/_‘/tb til;47(' ZC

with:

Oy = (57, Prb] [(y"l],  Or0 = [57,Prb] [(y" 54

Take new linear combinations:

OL1 = (O
Ofr = (Oy

o O{O)/Qv
0,160)/27

Orr = (04 + 01p)/2
Oxrr = (0F + 01))/2

A good fit Is obtamed for:

N

( C’ZLL ~ =1l C’Z“j = 0 otherwise |

|

-

Hiller, Schmaltz (arXiv:1408.1627/)




Other observables @

With a modest right-handed coupling Without much fine-tuning, our model survives the

)\ bounds from:
~ 0.03
| ‘ « rare D-meson decays such as D—>uu

our model can explain the anomalous magnetic

« precision data on Z-boson couplings to muons
moment of the muon!

« rare decays of the tau lepton, such as t—=>uy

-
-
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Collider bounds

, LQ2LQ2 production, LQ2— u g
'3‘10 = I | I I I | I I I | I I I | I I I | I 3
o - y -
& [ ATLAS %% 0rap X B = Opeory (B=1) -
Xm 10 = s=8 TeV, 20.3 ! — - expected limit =
9 F —— observed limit 3
© 2-muons + 2-jets i
113 expected = 1o _
E expected + 20 E
il Al limits at 95% CL |
N ¢ — UC N
10°¢ E
10°% <" E
- e -
10 = 3
i Z
10-5 I N T T T T I

400 600 800 1000 1200

m, . [GeV]
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LQ2LQ2 production

l_l T | ' T T | ' T T | T b- ' T T I'TTT | T l I'TTT T T _I_
- ATLAS ! -
- s=8TeV, 203" | -
- 2-muons + 2-jets -' 5
- All limits at 95% CL / S
5 N ¢ — pc
- ! ]
ny _.f ! =
- S .
— =, _
= ! — — expected limit B
N J observed limit ]
- expected = 1o =
- expected + 20 B
= - SR ls=7TeV, 1.03 fb™' -
1EII-II-I‘ ] | I | I | | | I | L 111 | I | L 111 | L 111 :l:

M q. [GeV]

5 LQ3LAS production, LQ3— b v,
oy 10 = T | T | T | T | T | T E
o Z 7 ) ]
= [ ATLAS 7 0lge * (1= BF £ Opoory (B=0)
102 Vs=8TeV,20.1fb" — expected limit =
xm é bb + E™* — observed limit -
09 10 % expected = 1o

expected + 20

All limits at 95% CL

107 E

102 /77,;;/_ =

- 7y, 3

— 540,

: g

3L —

i | | | | | |
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One Leptoquark to Rule them All

Part Il: The diphoton resonance S(/50)
Based on a collaboration with Martin Bauer (arXiv:1512:06828)




Leptoquark-initiated production of S(750)

A new resonance S which is a singlet under the

Standard Model gauge group naturally has a portal
coupling to the scalar leptoquark ¢

L= gpsMyS o'

This will unavoidably give rise to the production of S
in gluon fusion at the LHC:

T | g gquMS

Matthias Neubert: Beyond the Higgs Boson

5 ————F————1T-————T—————————————
| 4/30/25/ 20/ 15/ /
5/
) [tb] -
00700800 900 1000 1100 1200

M ¢ [GCV]

It the S — ~~ branching fraction can be made suffi-
ciently large, this can explain the observed rate:

o(pp — S)Br(S — vy) =(4.4+1.1) b




Diphoton decay of S(750)

The diphoton decay via leptoguark loops yields too

small a branching fractions (~2:10™%)

Obtaining an enhanced diphoton rate requires intro-

ducing new color-neutral, vector-like fermions X :

‘C:ngSXX

This yields the ratio:

I'(S =)

['(S — gg)

If X is a member of a multiplet, its neutral partner Xo

2M4
32N2Q%

Kgg

(

gys «&

gops Qs

can be a dark matter candidate!

Matthias Neubert: Beyond the Higgs Boson
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T

Al/z(Tx)
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Ao (7o)

600 700 800 900 1000 1100 1200
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The § — ~franching fraction can be further
enhanced by increasing the electric charge of X,
its multiplicity (dark color) or the ratio 9xs/9¢s




Diphoton decay of S(750)

The diphoton decay via leptoguark loops yields too

small a branching fractions (~2-107%)

Obtaining an enhanced diphoton rate requires intro-

ducing new color-neutral, vector-like fermions X :

S

L=gsSyx 5.

This yields the ratio:

<.

['(S — ~vv) _ 32N§Q§< <9><S o )2 T A1/2(TX) 2
gops Qs

['(S — g9) Ky

If X is a member of a multiplet, its neutral partner Xo
can be a dark matter candidate!

Matthias Neubert: Beyond the Higgs Boson

T | Ao(7s)

@

o(pp — S)Br(S — vv)
S o o
\\\ — ].
700*_ \\\\\ Qx
S, xS T oS =
I S \\\
| P Ty
600 - T

\\
~
L \\
N

600 700 800 900

1000 1100 1200

M, [GeV]

Parameter space in which the experimental rate

opp — S)Br(S — vy) =(4.4+1.1) b

IS reproduced in our model
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One the verge of more discoveries?

o Discovery of the Higgs boson has opened a new era
In exploration of fundamental structures of Nature

o Growing num
frontier and t

oer of anomalies — both at the precision

ne energy frontier — give us confidence

that the Standard Model may soon be cracked
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