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Properties of sideband and excess regions
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Properties of sideband and excess regions
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Comparison with 8 TeV
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Spin-0: dim-5  F-Fv Fy,
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Spin-2: Tree-level coupling (e.9. hw - TH)
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strong interactions at the TeV are typical in such frameworks
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Other resonance channels
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Zy <11fb <11fb [3] | <28fb <40fb [80
27 < 12 1b <20fb [3] | <200fb <220fb [81]
Zh < 191b <28fh [3] | <116fb < 116fb [82]
hh <39fh <42fb [3] | <120fb < 110fb [83
WHWw- <40fb <70fb [3] | <300fb <300fb [84
tt <450 tb < 600 fb  [3]
invisible < 0.8 pb - 3]
bb < 1pb <1pb 3
jj <25pb - 3
v 10°% iy 22 T%y T Ty iz 7’2@ g9
ATLAS | 2.9 [5]* 3.0[7] 131[9]* 19 [10]* 4.1 [11* 022[13] 15[15] 124 [17)*  0.14 [19]
CMS | 4.0 [6] 0.5[8] 46[8] —  28[12]* 0.33[14] 7.4[16] 114 [18]* 0.083 [20]*




Strong interactions

® pseudo-Nambu-Goldstone bosons of:

A. internal symmetries
B. “susy”

C. conformal
o Quarkonium (and quirks)

...



Goldstone bosons

1512.05330

n? in QCD is an inspiring template
= vy

unlike the QCD pion

1. the large absolute width ['(F — vvy) suggest
|OtS Of StateS [(F = vy)/M = 106, 10-4 in most scenarios, vs [(n® = yy)/mn ~ 107)

2. tor a generic scalar expect a proportionally
large contribution to the mass of F

shift symmetry protection to the mass of the GB!




Goldstone bosons

1. the large absolute width ['(F = vyv) suggest

lots of States (rr — yy)M = 104, 10 in most scenarios, vs F® = yy)fmy ~ 107)
2. for a generic scalar expect a proportionally
large contribution to the mass of F

1512.05330

shift symmetry protection to the mass of the GB!

coupling to all gauge bosons (can) naturally arise at the same order

couplings to fermions protected by chiral symmetry

E}D:” = — z% (C’tmtﬁ/5t + C’bmb575b + CTmTT'757')
Ui a v I
T (ng 3 Gm/GaM + Ciy ,LWF,W/)
2
n Q2 ot (9 COS GWZ S e 7
f (CWW A7 W W +Czz 8 e +Czy A tan Oy Y



Higgs + F as Goldstone ()

global symmetry breaking G—

Mass L] =-
A

F is (less) light

compared to the 750| GeV F

scale of symmetry
breaking

Higgs is light
compared to the 125/ Gev

scale of symmetry ]]
breaking

(e.g. SUB)2 = SU(2))

1512.05330

v

9 3
(ict \/_mt qrHtr + h.c. + .. )

8wt M

CoG2, G + Cy—2 Wi, Wit + Cg L B,, B*
8w # s




Higgs + F as Goldstone ()

global symmetry breaking G— H (e.g. SU(3)2 = SU(2))

1512.05330

MEiSS £’}—?< \/_mthHtRnLhc +. )
?(CG G, LG +CW87TWM W +CB B B”)
F is (less) light T —
compared to the 750 S t
scale of symmetry
breaking
Higgs is light :
compared to the 125 :

scale of symmetry
breaking




F as a sGoldstino (®) ...

:¢+\@9G+92FX

| Goldstino
fermion
field

sGoldstino
scalar

Goldstino

chiral
superfield

field

1

- 37 d*0X (miWWa + moW* W2 4 maWW ) + h.c.

coupling of the sGoldstino are proportional to the SUSY breaking masses

m3\2 m 1 /m 2 m3 negligible decay to 2
gy = (2]__) el Ty =5 ( 4‘;7) — invisible Go|dstino>
1 /mozz\2 ms mo\ 2 m3 Moz~ \2 MS
['yy ~— ( 2 ) —2 . T ~ ( ) d 'y, ~ ( 2 7) —,
2279\ 4F ) n W= \ur) x o AF )«



F as a sGoldstino (®) ..

—'9/GeV __ _F/(TeV m3)

Oyy-o 2> Oggoo

ms/m;
ZZ wmjj

Zy

ATLASS:

ma/m

ms\ 2 m3 1 /rmgs 2 m?3 negligible decay to 2 |
F — ( ) o : F _ ’77) O : LT .
99 A — 0% 9 AF - invisible Goldstino
22=9\4F ) 7 WWT\ur) 7 = \"arF ) &



F as a Dilaton (o)

spontaneous symmetry breaking of conformal symmetry

1512.05330

o TH, ~ masses + B-functions

ETMCFT _9 (

84 ~
£l 7 k3G, /fe8;Fiy—yt(1+et)chHtR+h.c.+2(1+eH)|DMH|2+...)

ST

tree-level coupling to Z and W (massive vectors)

loop-level coupling to gluon and photon (beta functions)

3
Mg

327 f2

yy ~ Ty /2 ~ Ty ~ rl,, ~005(

2
240)

3 functions of O(16m?) = large dilaton mass correction



CPof F
 crifcalimportance | soveral challenges

* greatest discriminator of important differences w.r.t the
many scenarios Higgs CP measurement

» truly “fitfy-fitfy” (unlike |. no F—4 fermion final state
for the Higgs boson CP) 2. Mg >» mn = small boost



1604.02029
1604.06446

Thrust and Ad(j|)

Ziejets ‘n ) pz‘
max
n
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2icjets |Pil
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L ) 1 1o 1
o B o
e
i 1o | i K]
N = | 1° ~
= = e IS
. I | I~ ]
o B 1o
L 4\ B o |
i o e B = )
= 1=
L J\n [¥o)
,,,,,,,,,,,,,,,,,,,, o T R N B SRR 0
S e O < A o S o 9 T a 9
- o o o o o - o o o o o
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Pair production of F

F couples to Or 1 /Or = Oy /204,
b 0.015% (TeV /A)? () /cy)?
dd 0.050% ( TeV /A)2 (¥ /cq)?
GG 0.13% (TeV/A)2 (Cg;)/cgg)2
7Y 1.9% (TeV/A)? () /¢17)?

orr/oF ~ YF/M ~ 1/t



vo [GeV]

10* 10° 02 10!
— off 1 10 10% fb “‘LET, i
Ll off, 101 fb
1077k o2, 1 0.1 fb
----- of 1 0.1 fb ‘
-3 4y oF .
o 2 4 N2
% 10—4 : : (CB B 8 qLNL MF
T A “g R 14473 v%
1077 K "
RO 2 AT2 72 1 /3
10_6 B . “‘\“ F CVS NQ[Q MF
Y
‘ 99 1873 2
1077 ' : Q
1077 107°

vo = Mg /yo and vy = My /yr

<70 fb

<26 fb

<100 fb



Conclusions

gg = F = vy Isthe most compelling
heavy quark initial state is also possible(b,c,s)

light, coupling to gauge bosons — Goldstone boson
g GB of internal symmetry linked to strong EWSB
a SUSY partner of GB of SUSY

o GB of conformal invariance

CP of F is one of the most pressing questions

F pair production is worth searching, great reward

QOutlook:

* more decay channels F—= |j, tt, Zy, ZZ, WW, HH, invisible, 3&4-body

* direct search of states in the loop

* other companions from the new theory of TeV physics



Conclusions

Citation: Particle Data Group, 2016 update

F (750u) 1(J7) =2(0°)

J needs confirmation

OMITTED FROM SUMMARY TABLE
Needs confirmation.

F MASS
VALUE (GeV) EVTS DOCUMENT ID TECN COMMENT
750 + 30 OUR AVERAGE ATLAS, CMS p— F

e ¢ o We do not use the following data for average, fits, limits, etc. o o o

F WIDTH
VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
<100 95 ATLAS, CMS pp — F

e o o We do not use the following data for average, fits, limits, etc. o o o

FF DECAY MODES
Mode Fraction (I';/T")

'y vy seen(?)
I'y vZ2,ZZ, WW, 35 expected
['s tt, bb, invisible  possible
I'y 3-body, 4-body predicted




Thank you!



Quarkonium and Quirks
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QCD Goldstone bosons and
Quarkonium

BR Mass
70 proton ¢ 9708 134.9766 MeV//c>
K_L ggg;g;; 0.000547 497.648 MeV /¢
K_S pLoton 271X10°  497.648 MeV/c?
7 proton 03938 547.51 MeV/c?
77'(958) proten 60212 957.78 MeV/c?
f_0(980) i 980. MeV/c?
a_0A0(980) poton 984.7 MeV/c?
£.0(1370) i 1350, MeV /c?
DO 523:22 0.x1073 1864.5 MeV /c?
DO—bar proton g x 1074 1864.5 MeV /c?
f_2(1950) pioton 1944. MeV/c?
f_2(2300) pioton 2297. MeV/c?
n_c(18) ppoton. 6 300240 2980 4 MeV/c?
Xx_cO(1P) ohoton. 4 000235 341476 MeV/c*
X_c2(1P) proton (000243 35562 MeV/c?
n_c(28) ,‘:gg;gg 0.x107 3638. MeV /c?
Photon

W(2S) Photon 2* % 1071 3686.093 MeV/c*



