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Golden channel decay to 4 leptons.

• Very low background 

• Fully reconstructable final 
state



DANIEL STOLARSKI     July 16-18, 2024      TRISEP

SPIN AND PARITY MEASUREMENT

4

h

Z

Z

Golden channel decay to 4 leptons.
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FIG. 1: (a) Two decay planes of Zi ! `i
¯̀
i, i = 1, 2. The polar angles ✓i shown are defined in the

rest frames of Zi with respect to k̂i, while the azimuthal angles shown are in fact 2⇡ � �1 = ��1

and ⇡ � �2. (b) The coordinate system in the CM frame and the definition of the production angle

⇥.

As indicated in Fig. 1, we choose the coordinate system in the center-of-mass (CM) frame

of the two Z’s system as:

ẑCM = k̂1 , ŷCM =
k̂q ⇥ k̂1

|k̂q ⇥ k̂1|
, x̂CM = ŷCM ⇥ ẑCM =

�k̂q + k̂1(k̂q · k̂1)

|k̂q ⇥ k̂1|
. (1)

Furthermore, we define Z1 as the rest frame of the Z1 boson by boosting the CM frame

along k̂1, while Z2 is obtained by first rotating CM frame with respect to ŷCM by ⇡ and then

boosting along k̂2. The production angle ⇥ and decay angles {✓1, ✓2, �1, �2} are defined as

follows:

• ⇥: polar angle of the momentum of the incoming quark in the CM frame.

• ✓1,2: polar angle of the momentum of `1,2 in the Z1,2 frame.

• �1,2: azimuthal angle of `1,2 in the Z1,2 frame.

The azimuthal production angle is irrelevant and chosen to be zero. In these definitions,

three-momenta of `1,2 in the Z1,2 frame can be written as

~p`i in the Zi frame = |~p`i | (sin ✓i cos �i, sin ✓i sin �i, cos ✓i) , i = 1, 2 , (2)

while the three-momentum of the incoming parton in the CM frame is

~kq in the CM frame = |~kq| (� sin ⇥, 0, cos ⇥) . (3)
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Each event described by 5 variables in Higgs rest frame. 
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ATLAS, arXiv:1506.05669.

JP = 0+

is consistent with 
all data.

Agrees with SM 
prediction.
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Convert rate measurement to 
coupling measurement. 

Again normalize to SM ( ). 

Precision ranges from 10 to 30%.

κSM = 1

PDG
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HIGGS COUPLING MEASUREMENTS
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Convert rate measurement to 
coupling measurement. 

Again normalize to SM ( ). 

Precision ranges from 10 to 30%.

κSM = 1

PDG

Except Higgs self-coupling
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SM has one Higgs because it 
is minimal. 

Can have additional Higgs 
states.  

New Higgses can be charged 
(and doubly charged!). 
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MSSM
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Large number of parameters. Simplifying assumptions: 

• R-parity conservation (save the proton) 

• Neutralino LSP (WIMP miracle)
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Gluino pair 
production
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Final state: 

• 4 jets  

• Missing energy
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MISSING ENERGY
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How do we detect something 
invisible? 

Conservation of (transverse) 
momentum.

CMS
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To solve hierarchy 
problem, mainly need 
top partner (stop) to be 
light. 

Keep light WIMP for 
dark matter. 

Final state is 2 tops + 
missing energy.
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Forget naturalness, just 
dark matter. 

Look for leptons and 
missing energy. 
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Hundreds of 
experimental searches 
constrain an enormous 
variety of SUSY 
scenarios.  

Folk Theorem: any BSM 
scenario has the same 
pheno as a SUSY model. 
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NON-SUSY (SORT OF)
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Lots of other searches 
excluding things at the 
TeV scale.  

Some searches 
sensitive to ~ 30 TeV. 


