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Can the SM be valid up to Mp 7

2016/5/27-6/2 East Asia Koji TSUMURA (Kyoto U.)



July 4th 2012

CMS {s=7TeV,L=51fb"'y{s=8TeV,L=5.31b"

4 Data S/B Weighted
— Sig+Bkg Fit (m =126.5 GeV)

Unweighted Bkg (4th order polynomial)

Y weights / 2 GeV

Events / 1.5 GeV
o
S

¢ Data
S+B Fit
B Fit Component
CJ+1o
[ +20

Y weights - Bkg

150 160

©
i)
L
k=
o
= 500
o
+
2
%)

o




SM Completed
J=0

Mass m = 125.00 4+ 0.24 GeV  0.2% precision measurement¥

HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.

Combined Final States = 1.17 + 0.17 (S =1.2)
W W* = 0.81 + 0.16

* +0.27 _
77+ =115%920 (S =12)

_ 117+010
vy =117"047

bb = 0.85 & 0.29
ptp~ < 7.0, CL = 95%
17 =0.79 £ 0.26
Zvy < 9.5, CL = 95%
t£HO Production = 2.57 03
p
HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

invisible <58 % 95% -




New Paradigm 7

‘My=125GeV” predicts ---

Hamada, Kawai, Oda

mg2/I;

Triple Coincidence @ Mp_ : A, B 1, mg2
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New Paradigm 7

‘My=125GeV” predicts ---

SM Criticality Triple Coincidence @ Mp_ : A, B, mg?
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New Paradigm 7

‘My=125GeV” predicts ---

SM Criticality Triple Coincidence @ Mp : A, B 4, mg?

® Boundary Conditions @ Mp, ?

- Classical Conformal Invariance (CCl)
- Hidden Duality

® New Principle @ Mp, ?7?7?

- Multiple Point Criticality Principle (MPP)
- Maximum Entropy Principle
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New Paradigm 7

‘My=125GeV” predicts ---

SM Criticality Triple Coincidence @ Mp : A, B 4, mg?

® Boundary Conditions @ Mp, ?

- Classical Conformal Invariance (CCl)
- Hidden Duality

® New Principle @ Mp, ?7?7?

- Multiple Point Criticality Principle (MPP)
- Maximum Entropy Principle

Good examples for making new paradigm from theoretical view point.
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Grand Desert 7

Gravity/String

i
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Oasis

Gravity/String

e
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Towards New Paradigm

“‘My=750GeV’ predicts ?

At least, this can be a first new physics beyond the SM,
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Towards New Paradigm

“‘My=750GeV’ predicts ?

At least, this can be a first new physics beyond the SM,

Goal of This Talk : How exotic X455 IS !
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Potential NeW InpUt ”
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CMS Preliminary

t Data
— Fit model
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Photos are for illustration purposes

ATLAS Preliminary

® Data

—— Background-only fit

Vs=13TeV, 3.2 fb™
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Diphoton Updated

CMS Preliminary 2.7 fo™ (13 TeV, 3.8T)

Barrel-Barrel ¢ Data

—— Fit model

ATLAS Preliminary

® Data

—— Background-only fit
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Ambulance Chasing

Last update: 2016-05-29 at 03:03
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Everybody's Model

ATLAS Preliminary

® Data

—— Background-only fit

Events / 40 GeV

Vs=13TeV, 3.2 fb™

©
c
>3
[e]
b

4

Data - fitted bac
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o(pp — X) X Br(X — vy) =5-101fb

2016/5/27-6/2 East Asia Koji TSUMURA (Kyoto U.)



Everybody's Model

e Additional New Particle (Perturbative)

® Hidden Strong Dynamics (Non Perturbative)

(X gg) | | B = )

o(pp — X) X Br(X — vv) >~ 6.6fb {

Ve TRT 1MeV

Cancel if gg decay mode is dominate.
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Everybody's Model

e Additional New Particle (Perturbative)

e )
I'(X — All)

BX e
1MeV

o(pp — X) X Br(X — vv) >~ 6.6fb {

Need Enhancement inside Loops
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Everybody's Model

v' alarge charge, and/or
v a large multiplicity, and/or

v’ alarge coupling

e Additional New Particle (Perturbative)

e )
I'(X — All)

BX e
1MeV

o(pp — X) X Br(X — vv) >~ 6.6fb {

Need Enhancement inside Loops
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Today's Question

Particle v’ a large charge, and/or
v a large multiplicity, and/or
v alarge coupling

Can such a model remain perturbative up to Mp, ?
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Question

Particle v’ a large charge, and/or
v a large multiplicity, and/or

Can such a model remain perturpative up to Mp, ?

o dida (6;0%1) 3 B;Oéz))?
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Running Coupling Constant
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Running Gauge Coupling
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Running Gauge Coupling

Landau Pole
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Running Gauge Coupling
oM + Iy

(4m)*=2t — +5{ + = + V22T, + D bot

d O T
@ T ) (0T, + 1) o

6 9
dg
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Running Gauge Coupling
oM + Iy
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® = /.. Weakint. is no longer asymptotic free
® = 9, : Perturbativity breakdown before Mg,
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| andau Pole

(N, Yx) Ag, [GeV]

4,1/2) 1.2 x 1041

(4,3/2) 3.1 x 103

(5, real) 9.6 x 10% -

(5,1) 9.0 x 1034 9.0 x 10488
(5,2) 5.7 x 1022 9.0 x 10488

(6,1/2) 1.6 x 1040 2.7 x 1032
(6,3/2) 5.2 x 10%6 2.7 x 103ZT

(6,5/2) 3.2 x 1016 2.7 x 1032
(7, real) TQ.G x 1042 1.3 x 10°°

3.6 x 1032 14x1083"°

(7, 1)
2.2 x101° 1.4 x 101°

(7’2) IIIIIITI
(7,3) 1.2 x 1012 1.4 x 101>

No Landau Pole up to Mp.
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| andau Pole

(N, Yx) Ag, [GeV]

4,1/2) 1.2 x 1041

(4,3/2) 3.1 x 103

(5, real) 9.6 x 10% -

(5,1) 9.0 x 1034 9.0 x 10488
(5,2) 5.7 x 1022 9.0 x 10488

(6,1/2) 1.6 x 1040 2.7 x 1032
(6,3/2) 5.2 x 10%6 2.7 x 103ZT

(6,5/2) 3.2 x 1016 2.7 x 1032
(7, real) TQ.G x 1042 1.3 x 10°°

IIIIII]SI

3.6 x 1032 1.4 x 10

(7,1)
(7,2) 2.2 x 101? 1.4 x 101°
BB EEEN TZI

(7,3) 1.2x 10 1.4 x 101>

No Landau Pole up to Mp.

Other coupling constants ?
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Quartic Coupling
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Triviality (Lesson)

A bound for the SM Higgs Mass

d

2
1 g

PG

4 i)
M=) )< e

3 log(A/v)

m; = 175 GeV
as(MZ) = 0.118
Triviality
not allowed
allowed

not allowed

Stahility

102 1012 1015 1018
A [GeV]
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Triviality (Lesson)

A bound for the SM Higgs Mass

d

2
1 g

PG

4722
M2 )<
RS (Ao

m; = 175 GeV
a(M;) = 0.118

Large A
Trivial
rivid l.l:ynot allowed ‘
Small Landau Pole
1
e = 102 G377 )

102 1012 1015 1018

A [GeV]
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Question

Particle
v’ alarge coupling

Can such a model remain perturpative up to Mp, ?

1
m; = 175 GeV A e ( )
(i) = 0110 B 24X (po) / (4)?

not allowed
allowed
not allowed
[

0
103 108 109 10!R 1015 1018
A.[GeV]
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Question

Particle
v’ alarge coupling

Can such a model remain perturpative up to Mp, ?

I
m; = 175 GeV A = eX ( )
. ay(My) = 0.118 Ly 1o P 24)\(”0)/(47‘-)2
"X7509095™ coupling is Not a Quartic Coupling.

> Stability
Koji TSUMURA (Kyoto U.)

0
103 108 109 10!R 1015 1018
A.[GeV]




Stability Condition

Y

1
s §M)2(X2 15 1 STS) X N

o %MX <X s e (STS)> 4 (AS ~ 2]‘\22()(5[6“)2

11 DN P0G e

Large Triple Coupling requires Large Quartic Coupling
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Triviality for Ay

(4W)2dlogQ)\X = c; )\i e
o (M,) = 0.118 Large Ay
Triviality ‘
not allowed
Small Landau Pole
Arp = o €xp ( 1 )
cidy(po)/(4m)?

102 1012 1015 1018

A [GeV]
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1 2
- 2.

f(z) :=8x (arcta.n

N, 2 2
O X B = AR R ( 5@ 2.5 Qs f(Mé/M%)) X (

/ ?

Converted by Stability Bound

750GeV) 2
My

A sMaxis calculated by RGE analysis when we specify the model
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Something decaying to two quarks

Diguark (gg or gg¢) model

T [ 1 s [oo]
;5 E) | 1| —4/5 031 (x)]

5@ [ 1 |55 om0
B EXCR R B TE) )

assume tree level decays
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Something decaying to two quarks

Diguark (gg or gg¢) model

T [ 1 s [oo]
;5 E) | 1| —4/5 031 (x)]

5@ [ 1 |55 om0
B EXCR R B TE) )

Particle [

Color 6pet & 8pet Violate perturbativity of QCD before Mp.

assume tree level decays
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Diguark (gg or gg¢) model

scalar + diquark (Ny=1)

T [ 1 s [oo]
;5 E) | 1| —4/5 031 (x)]

5@ [ 1 |55 om0
B EXCR R B TE) )

AsMax for Ng=1

' N 2 2 750GeV 2
o % B., = 46pb x AMex x ( 5042§S s f(Mg/Mg()) X ( 2 )

My
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Diguark (gg or gg¢) model

scalar + diquark (Ny=1)

T [ 1 s [oo]
;5 E) | 1| —4/5 031 (x)]

5@ [ 1 |55 om0
B EXCR R B TE) )

AsMax for Ng=1

' N 2 2 2
g 7% Brai=46pb: X )\lg/[ax 3 ( 5042§s Q% f(Mé/M;%)) 3 (750GeV>

My

Only Two Models (Ns=1) are consistent with

LHC diphoton Excess & perturbativity up to Mp_
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Diguark (gg or gg¢) model

scalar + diquark, (N/22,)M*

[56) [ 1 |15 om0
[5@) [ 1| =45 | 051 ()

[3(6) | 1 [ 2/8 [033(x)]
[36) | 38 [-13]018(x)]

8

Maximal Case

Moo > 2 7BOGeEV 2
; 223 o X( )
T

& X Byy = 46pb x AY™ x ( T

(ME/M3))

Most of diquark models survive if we increase multiplicity
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Diguark (gg or gg¢) model

scalar + diquark, (N f2/\¢)MaX

[56) [ 1 |15 om0
[5@) [ 1| =45 | 051 ()

s |1 [ 25 om0
56 | 5[5 015 ()| 033

6*

[

Maximal Case

Nsa Y Q% / (750GeV>2
2

; 2
o X B, = 46pb x AMax ( (Mg/Mf()) S
X

Most of diquark models survive if we increase multiplicity

All the models can be test at the LHCI!!
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Something decaying to a lepton and a quark

Leptoguark (gl or qIC) model

II
| 3 | 1 [ 43 [034] 12]n |
| 3 | 3 [1/3 [013] 013y |

|5 |2 [ a6 0% | 0l
N Y 73 e

T [ 1 [ o 03 | 22l
|-—|

Exp. bounds are severe

scalar + leptoquark, (N%As)M*
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Something decaying to two leptons

Dilepton (II or IIC) model

[ R T A 77
| 1w | 2 | 1/2 [025] 85|50 |
1 1 0 X X

Exp. bounds are loose High multiplicity helps all the model

scalar + dilepton (N;=1) scalar + dilepton, (N f27L¢)MaX
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summary
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Summary

€, 750GeV New Particle
4 \o

® Can the LHC diphoton excess

be valid up to Mp,?

- Yes, In a couple of models

scalar + diquark (Ny=1)
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Summary

® Can the LHC diphoton excess

be valid up to Mp,?

- Yes, In a couple of models

scalar + diquark (Ny=1)

However, is looks very exotic, & may be excluded at future?
Important Date : August 3-10, ICHEP (Chicago)
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We Need a Big Picture

Gravity/String

e
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Backup Slides
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| HC Status

30-May-2016 04:56:41 Fill #: 4961 Energy: 6500 CeV I(B1): 1.54e+14 [(B2): 1.53e+14

um

1E5
8E4
6E4
4E4
2E4

0E0 R
0500 08:00 11:00 1400 17:00 20:00 2300 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00

Delivered Lumi (nb)~-

= ATLAS —— AUCE — CMS LHCb = ATLAS —— AUCE — CMS LHCb

STABLE BEAMS
Luminosity [(ub.s)A-1]  Fill Lumi (nb)"-1

ATLAS 4143.25 114733.1 ] | |
ALICE 2.74 68.2 ‘ J i h
CMS 3856.86 106668.7  °

LHCh 271.18 6787.3 AT ALICE

ALICE Target Instantaneous Lumi = 2.75 Hz/ub
LHCb Target Instantaneous Lumi = 274.04596 Hz/ub
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| HC Status

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-05-27 22:38 UTC

B LHC Delivered: 809.38 pb !
1 CMS Recorded: 733.91 pb*
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| HC Status

CMS Peak Luminosity Per Day, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-05-27 22:38 UTC
T T T T T T T T T T T T T T T T T 2015, \/EZ 13 Tev

Max. inst. lumi.: 6.38 Hz/nb to 2015-11-03 06:25 UTC
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| HC Status

CMS Peak Luminosity Per Day, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-05-27 22:38 UTC

: 6.38 Hz/nb
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2015, Vs = 13 TeV

to 2015-11-03 06:25 UTC




