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Recent yy excess at both ATLAS and CMS
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Update from Moriond
Recent yy excess at both ATLAS and CMS
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3.90 (local)/2.00 (global): spin-0

3.60 (Ipcal)/1.80 (global): spin-2

Comapatibility ~ 1.20 (gg PDF)

1.90 (local): spin-0

No excess: spin-2

https://indico.in2p3.fr/event/12279/session/12/contribution/163/material/slides/1.pdf



Update from Moriond
Recent yy excess at both ATLAS and CMS

CMS
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Y'Y excess as a scalar resonance S

What if it is a 750 GeV heavy SM Higgs?

o(pp —» H — yy) = 0.74 pbxBR,,, = 1.3x107* fb
g 14 Trotal ~ Tyy ~ 200 GeV
............ ~ ~7 - —4
BR,, ~ 1.79x10 BRy, ~ 2.5 X10
9 Y - T,,~ 3.6 x1075 GeV

o(pp = H:my = 125 GeV) ~ 44 pb
BR,,(125GeV) ~ 2.28x1073
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Y'Y excess as a scalar resonance S

What if it is a 750 GeV heavy SM Higgs?

o(pp —» H — yy) = 0.74 pbxBR,,, = 1.3x107* fb
g 14 Trotal ~ Tyy ~ 200 GeV
............ -~ -7 - —4
BR,, ~ 1.79%x10 BR,, ~ 2.5 x10
9 Y - T,,~ 3.6 x1075 GeV

o(pp = H:my = 125 GeV) ~ 44 pb
BR,,(125GeV) ~ 2.28x1073

The actual signal rate and total decay width

o i =6—10fb .
wp ) These are quite large numbers!

ATLAS

With no significant MET, leptons, or jets

It smells like some large number or big couplings are secretly involved

indicate strongly-interacting theory 77



Assuming the narrow Width

1
o(pp > S > yy) = M—FS[ngF(S - gg) + Z Cag IS > qci)] LS -vyy)
q

PDF Lumi. Ratio: 13TeV /o ., = 5.4 (bb),5.0 (cc), 4.4(ss),2.7(dd),uu(2.5)} 4.7 (gg)

@ 750 GeV

To be compatible with 8 TeV data

Assuming the production via gg PDF

1
a(pp > S - yy) = s CagT (S = 99T = vy)

21 d
Cyg = %sz/ST"g(x)g(MZ/sx) = 2137 (174) at+/s =13 (8) TeV



EFT approach

EFT: dim-5 operators
9 14

g Y

2
9s Csgg

Csyy w
SF;WF T 162 M

Lerr = Temz M

SGZ,GAH



How to UV-complete S

This is all we care!

A simple weakly-coupled realization is to introduce Vector-like fermions/scalars

g 4

g )4

SM-loop excluded due to too large tree-level decay, e.g. tt, Ftt/Fw ~10°

Ly = X(iy*D, — my)X — yxSXX

X: Vector-like Quark for simplicity
2

I =a—c2 M
144 16 (47-[)3 Syy
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r S __c2 M

99 = 2 (4m)3 599

Csyy = 6 Qz [yXZ\/?A%(T)] =6 Q)Z(csgg and T = M?/(4m%)



Typical decay width in Vector-like Quark model

Assume I' = Fgg + Fw

(Tge+T',,)/45GeV: Qx=8/3,5/3
Qx = 8/3: lightred
— = — Qx =5/3:lightblue
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Can we explain both

1. the large total width asbig asT' ~ 0(1 GeV)
2. the observed yy excessrateoc(pp > S > yy) =6—10fb ?

9 Y



Can we explain both

1. the large total width asbig asT' ~ 0(1 GeV)
2. the observed yy excessrateoc(pp > S > yy) =6—101fb ?

9 Y

The signal rate
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Ms 997 T explaining a large total decay width
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v LargeT reduces the signal rate and thus partial decay
widths need to be largeto get a large signal rate



Can we explain both

1. the large total width asbig asT' ~ 0(1 GeV)
2. the observed yy excessrateoc(pp > S > yy) =6—101fb ?

9 Y

The signal rate
1 [, I v" Small T helps to achieve a large signal rate but it fails

c. 997y o ,
Ms 997 T explaining a large total decay width

olpp—>S->vyy) =

v LargeT reduces the signal rate and thus partial decay
widths need to be largeto get a large signal rate

* Asking both necessarily calls for a large number or big coupling

Alarming from a weal«f‘tjvttoupted theory viewpoint



The compatible parameter space with the signal rate
olpp S >yy) =6-101fb
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Parametric behavior

The parametric behavior will tell us what to do to bring a strong coupling to a weak coupling

g 14

g Y

The signal rate
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c -99°vy
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As long as yyQx Ny ~ const.
signal rate remains the same

Similarly for this case



The compatible parameter space with the signal rate
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Varying Ny seems bring yy to

But are we really in a weakly coupled regime?

Or is it just an illusion?
v" OUR WORRY: Any large numbers, e.g. Yy, Ny, Qy can widely change RG running
of the couplings = some running couplings might rapidly blow up



To answer our question, we need to carefully examine RGEs
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To answer our question, we need to carefully examine RGEs
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Running Hypercharge coupling
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O lllustrative example for qualitative discussion

Ays = 0.01,5 = 0.01,my = 1.5 TeV,yy = 0.75,Qx = 2/3,Ny = 1: ;= 0.06
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O lllustrative example for qualitative discussion

Ays = 0.01,5 = 0.01,my = 1.5 TeV,yy = 0.75,Qx = 2/3,Ny = 1: ;= 0.06

Although these look fine, it develop a dangerous pathology
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As you see, the problem is already evident even if we decided to work, for
illustrative purposes, with a moderately small Yukawa coupling, yy = 0.75



Illustrotion of realistic example

1200

/ il
I 4
1 4
I, I/ i
szg ,," Y/ [ =1GeV: represents a large total width
1000 - i / J
Ill ,I
/ 4
N o s * ,
S 800l ," Qx_g/ , . .
= ] Pick one benchmark point
s / /
/) /) |
/7 4 1
600+ ,"l % 1 my = 900 GeV,
Y/ 22 ’ — — —
/,I' /,, Qx—3 ””””” g NX —_ 1, QX - 5/3;yX - 5
"y /At~ ]
400 ull )’\' . . ('T‘
1 2 3 4 5 6 7

x Obvi,ou,sij sErosr\gbj t:oupi.ed

0
~100}
“n >
5 =
E 200 £
! 3
8 Q
o <
£ _300] (1) 1 g
< 44 A2
; ~ —24N :
w1
As xVx =
—400} 1
-500 ‘ ‘ ‘
900 1000 1100 1200 900 1000 1100 1200
RG scale u [GeV] RG scale u [GeV]

v" Can we play with varying Ny, Qx (while keeping yyN,Qx ~ 25/3) to alleviate
the strong coupling problem?
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Varying Ny

my = 900 GeV,
Ny =504y=5/3,y, =1
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v' Theory reveals an instability at a scale not far away O(TeV) for generic values of the
couplings

v’ There exists a very fine-tuned initial value, 1 < A5 (1) < 2 which are almost unaffected by RG effects,
this particular point does not correspond to a special property of the theory.



Varying Qy

my = 900 GeV,
Ny=1,Qy =25/3,y, =1
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Varying Ny, Qx

my = 900 GeV,
Ny=3,0;,=8/3,y, =1
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v' If A5(uy) ~ 1, astable solution exists, almost unaffected by RG flow. Again, this solution looks like the
result of a fine-tuning rather than a special property of the theory.

v" However, it is undeniable thatin this scenario a weakly coupled theory valid to a high energy
scale can be constructed. The upper limit of the validity of the theory is set by the hypercharge
coupling running, A ~ 300 TeV




No matter what we do, the large total width as bigasT' ~ 0(1 GeV)
indicates a strongly coupled theory not far away from TeV scale

When increasing I’ ~ 1 GeVtoI' ~ 45 GeV,
the v, Ny Qy gets worse by the factor of yy Ny Qy ~ (45 GeV)1/4

yx Qx Nx
I

olpp > S—>yy) «



Other resonance-interpretation
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Precison Drell-Yan process

If yy excessis confirmed to be true, Drell-Yan process becomes one of the important
window to the New Physics



New particles in the loop

If the diphoton excess is true, catching new particles X in the loop becomes
an important business



New particles in the loop

If the diphoton excess is true, catching new particles X in the loop becomes
an important business

g y
X S X
g y
a@m
aS | vy 14
X

Basically two-point function carries all the information

Where can we see the non-standard behavior of two-point function?

s We will assume X is SU(2) singlet. SU(2) doublet is
more vulnerable to EWPT



List all quantities that are related to the two-point function

LEP bound (assuming g% < m%)

Mgg(g?) ~ Mpg(0) + CIZHSB) +

q

g2

2

T Y = dUN.O2g2 "W
X XQXaY15n_m)2(

dy: accounts for the colour



List all quantities that are related to the two-point function

LEP bound (assuming g% < m%)

Mgg(g?) ~ Mpg(0) + CIZHL(;B) +

2
e - 2

m
T~ Y = dXNXQ)%a% s

157 m%

dy: accounts for the colour

Running hyper-charge/strong-QCD couplings

g,V 7 4

Virtually accessible to X
Its effect appears indirectly

Modifying REGs

dg, . (4 1
.UE = By, = (1—0"‘ dXNXQX§> g1
dgs; APE
.Ud—ﬂ_ﬁg =(_7+NX§)93

We will focus on hypercharge running



Running hyper-charge coupling
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Precison Drell-Yan process at the LHC VIS arxiv1412 1115
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O Running hypercharge coupling changes the differential cross section above the scale ~ m



Precison Drell-Yan process at the LHC VIS arxiv1412 1115
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O Running hypercharge coupling changes the differential cross section above the scale ~ m
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v' If thedifferential cross section can be measured up to < 0(10%),
a meaningful bound on X can be extracted M, [GeV]



VS Drell-Yan

LEP

Vs =8 TeV

‘N Xp
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Drell-Yan process atthe LHC at 8TeV and 14TeV
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Drell-Yan vs. Direct detection at the LHC

X

9v

>

Large q2 X

When a large energy is available, X can be directly produced, e.g. Optical Theorem
Look for the smoking gun signals at the collider

Pair production with Vs =8 TeV Pair production with Vs =14 TeV

100

o(pp - ¥) [pb]
o(pp — Y) [pb]

Rescale by a factor of
dyxNxQ% X

M, [GeV] My [GeV]

*»* The direct search is not easy due to the very complicated decay modes whereas DY process
depends on only quantum numbers (universal!)



Summary

yy excess is getting better in both ATLAS and CMS

From RGE viewpoint

yy excess and a large total width are not easy to be embedded in a weakly-coupled
realization (except for the fine-tuned cases)

v It likely implies a strongly coupled dynamics not far away from O(TeV) scale

Precision Drell-Yan process

If yy excessis confirmed, the Drell-Yan process at the LHC becomes a very important
window to the New Physics

v It changes the differential cross section via the running of the gauge couplings

v It relies on only the quantum numbers, not specific to the decay channels



