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Outlines

1. Present status of the data and update.
2. A difficulty facing many models.

3. Interpretation by photon-jets.
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ATLAS : My = 750 GeV, og(pp — X — vv) &~ 10 & 3fb; (95% CL), I'x ~ 45GeV

CMS : Mx = 760GeV, og(pp > X — vy) =~ 9+ 71b; (95% CL)
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Additional vector-like c]uar|<s running in the

gg vertex can increase the Production X~SEC.

sigma (gg~>H2_) =sin® A *sigma (SM) + Delta

['(H,) = sin® aTsm(Ha) + ATz + AT

Need many col:)ies of VLQOs or very Iarge charge
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Related to Dark Matter

ATIAS Prfncerrecl a wide width O (4-0) GeV.
(S Possibilitg is let the 750 GeV Resonance
clecag into invisible Particle@ ike DM.
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Motivations of photon-jets

e A photon-jet is an object consisting of a cluster of collinear photons,

perhaps from the decay of a fast moving light particle.

e A photon-jet can arise from cascade decays of heavy particles — 750

resonaince.

e The spin of the heavy resonance that decays directly into vy can

only be 0 or 2. But for photon-jets it can be spin-1.
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Picture of Interpretation
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Scenario

e The X boson is 750 GeV resonance.

e X then decays into a pair of Y of order 1 GeV or below:

pp — X =YY

_|_

e Decay of Y into u*pu~, nm, e e” (negligible).

pp— X =YY — (71'07'('0) (7T07r0) — (4) (47)

e Each set of 4v appears in a very narrow cone

2My 2

AR ~
i pT 375

= 0.005

2
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Photon selection of ATLAS

e Photon candidates are reconstructed from clusters of energy
deposited in the ECAL.

e Only photon candidates with |n| < 2.37 are considered, also
excluding the transition region 1.37 < |n| < 1.52 between the barrel

and end-cap calorimeters.
e Isolation cuts are applied to reject jet background.

e The measurement of the photon energy is based on the energy

collected in calorimeter cells in an area of size An x A¢ of
0.075 x 0.175 in the barrel and 0.125 x 0.125 in the end-caps.



KPS Pioneer Symposium 2016

e Selection cuts for photons are different for spin-0 and spin-2

scenarios. The following I will show the spin-0.
e For spin-0, £, > 0.4m..,, E7, > 0.3m., also isolation cuts.

e The selected samples consist of events from diphoton
production, photon-jet with one jet misidentified as photon,
and dijet production with both jets misidentified as photons.
Drell-Yan of e~ e™ misidentified as photons is negligible.

e Purity of diphoton larger than 93fg% under the selection cuts.
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Angular Resolution in the photon-jet

e In Higgs measurement of diphoton, photons of my, /2 ~ 65 GeV is

distinguishable from 7° of the same energy.

2Mr 41073

ART&'O (65 GeV)—~yy

e In cascade decay of X — YY — (7°7%)(7n°7?), the angular

separation between two 7 from each Y

2my

S S 103
= 5 x 10

ARY—HWT ~

Each 7° has energy 187.5 GeV, the separation between 2 photons:

2m

—=1.5x10°
875~ 1ox 10

AR o ~
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e All 4 photons are contained in a cone of 0.005 forming a
photon-jet. There are slight substructure inside each
photon-jet.

e In principle, the resolution of the EM calorimeter may have
capability to differentiate a photon-jet from a single photon.

e Without a dedicated high-photon-resolution analysis, it is very
difficult to distinguish a photon-jet from a single photon.

e Further complication can arise from non-prompt decay of Y.
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A Hidden-Valley-like model

e The SM Higgs field ® mixes with two real scalar fields x1 and y2:

1 1 1 1
L= $000"x1+ 50,x20"xe + Suix3 + SudxT + Mixaxe
+ (Aax1 + dex2)[M(2T®) + N(A1xa + A2x2)”]

e The SM Higgs field takes on VEV

2= 35 ( 1oy vo )
V2 (@) e) )
and
, 2X(¢)> =X M{¢p) —X2M () ¢
Loy = 3 (¢ x1 X2) — A1 M {(¢) —u3 — 3 X1

— Ao M (¢) — 3 —p3 X2

e They mix to form mass eigenstates: h, X,Y through angles 0; 2 3.

10
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e Relevant vertices:

— cos U1 s1in bt + 1cost1s1n” 01
;2)\qﬁ 01 8in 6, + 6N X cosbsin’0
+X1 M (cos® 01 — 2cos 0 sin” 1) Xhh = ’u);hh Xhh

N
Lxvy = 62 [)\2 cos” 05 sin 03 + A5 cos 03 sin” 03 + A\ A3 (cos 03 — 2 cos 05 sin 93)

Lxnh =~

+FA2 A2 (sin® 03 — 2 cos® 03 5in 03)| XYY = ‘”; XYY
»cXYh ~ O(Sin (91,2,3)
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Decays of X

e Decays into SM particles via mixing are suppressed by the 6:

2 3 4 2 4 2 12 4

NX > WHw™) = sin?6, 21X /1 - 20w (1— TW ”1W>
64T my;, m5 m5 my
2 3 4 2 4 2 12 4

X —2Z) = sin6, 2% J1 Tz (q 2Nz =07
128™ m?%, m5 m5 mx

(X —tt) = sin°6;

Neg®myi (1 Am;
32ms3,,
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e Decays into Y'Y, hh, Yh:

I'(X — YY)

['(X — hh)

I'(X — Yh)

We choose B(X — hh) < O(1%) with |uxnn| S 190 GeV, and even

smaller for B(X — Yh).

<

2
HHS < al1—4
327rmx

qu
Xhh o 1 _4
32mm x

['(X — hh)

13
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X(750) decay branching rates

1k

14
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Decays of Y

e The mass is of order 1 GeV, the major modes are u = and 7,
where 7m = nt7r~, 7°7° and T'(Y — ntn) = 2I(Y — n°xY):

mzmy 4m> 3/2
(Y - £T¢7) = sin®0, —¢ 1— —*
se(@? \| | md
.9 m:; 47n,72T L2 117n72T ’
Y -nmr) = sin“fg ——— (1— 1+
2167 ()2 m3 2ms3,

e Including QCD corrections, B(Y — 7m) ~ 100% while
B(YY — ut ™) ~0.4%.

e For a 1 GeV scalar boson Y with sinfs = 1.6 X 10_2,

Ty ~4.25 x 107" GeV and so 7y = ¢ ~ 1.55 x 107"%(s)

Ty ~ (3 x 10" mm/s)(375)(1.55 x 10~ "> s) = 0.17 mm

Almost prompt decay for Y

15
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Constraints on X

e The X (750) mixes with the SM Higgs via 601, so it is constrained by

the current Higgs boson measurements:

cos 1 > 0.86

[KC, Ko, Lee, Tseng 1507.06158]

which implies |sin 61| < 0.51. We choose |sin6;| = 0.3 for

demonstration.

o 8 TeV search limits:

o(pp = S)sTev

o(pp = S)sgTev
o(pp = S)8gTev
o(pp = S)sgTev

o(pp = S)sgTev

X B(S — ZZ) <22 fbarras), 27 tbicms)

x B(S — WTW7™) < 38 tbarrLas), 220 fbioms)

X B(S — tt) < 0.7 pb(arras), 0.6 Pbcwms)

X B(S — hh) < 35 fbarrLas), 52 fbcms)

X B(S — gg) X a < 1.8 pb. (1)

e Predictions at 8 TeV for sinf; = 0.3 with

16
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osm(pp — g9 — Hsm) ~ 157 th:

o(pp — X)stev X B(X - ZZ) = 2.01b
o(pp = X)stev X B(X > WTW™) = 4.11b
o(pp — X)sTev X B(X — tt) = 0.38fb

o(pp = X)stev X B(X — gg) = 1.76 x 10 °fb

e For X — hh does not depend on the mixing angle but pxnn, we
choose |puxnn| S 190 GeV) to obtain

B(X — hh) < O(1%)

B(X — Yh) will be much smaller.

17
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Constraints on Y

e The Y also mixes with the SM Higgs via 62, so it is constrained by the current
Higgs boson measurements:

cos 05 > 0.86
e From B and K meson decays , the strongest is B — Kutpu™:
sin 0y x B(Y —» pu p”) <107°
implying sin 0> < 1.6 x 1072
e Search for rare decays of the Higgs boson

h — aa — (vy) (vv)

by ATLAS but for 10 GeV < m, < 62 GeV.

e Yet, another one by ATLAS for m, = 100, 200,400 MeV such that the
photon-jet is indistinguishable from a single photon:

B(h — aa) X B*(a = vv) < 0.01

e The mass of Y chosen here is O(1) GeV, such that it is not restrcited and the
photon-jet may have a chance to be resolved.

18
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Fitting to the data

e Width = 45 GeV gives a large coupling for X — YY: |ums| < 1300
GeV. Contour of fixed I'x (750) = 45 GeV:

19
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e [t to the cross section with sinf; = 0.3 and my =1 GeV:
o (pp —- X =YY — (7‘(‘07'('0)(71'0’7'('0) — (47)(47))
— o(pp — X) x B(X = YY) x [B(Y N 71'071'0)]2 x [B(WO N 77)]4

1 2
~ [736 fb x (0.3)2] X [50.45%)] x [100% X 5} x [100%]*

~ 3.71fb

YY WTW— 77 tt
BR 50.45%  29.07%  14.38% 6.10%
I; (GeV)  22.70 13.08 6.47 2.75

20
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Other possible channels

e Y can also decay into 777~
pw—=X =YY = (2°7)(ntn7)

=X =YY = (nta ) (ntn7)

...................................

The two pions form a collimated object — pion-jet.

22
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e Y could also decay into pu*pu™:

pp—>X =YY — (7TO7TO)(,LL+,M_)

...................

The two muons are very collimated, forming a muon-jet.

23
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Outlook

e Other decay modes: tt, WTW—, ZZ, jj.
e Predictions for Zv and ZZ by various models.
e Connection to the 125 Higgs boson.

e Does it related to electroweak symmetry breaking?

e Check the production channels: VBF, associated with W, Z, tt.

24



