
Valerio Ippolito 
INFN Sezione di Roma

THE JPC AND COUPLINGS 
AFTERMATH
or at least my personal recollection of how things went (and will go)
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apology noun 
apol·o·gy | \ ə-ˈpä-lə-jē 
plural apologies

ATLAS-dominated recollection!
old plots!

personal views!
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6.6σ “excess”

ℓ

ℓ

ℓ

ℓ
Z

q

q

main systematics:
* ZZ production (~5-8%)
* electron ID/reco (~9%)
* luminosity (~4%)
* signal production (~8%)
* momentum scale (<1%)
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HOW 
DID 
WE 
TACKLE 
JPC
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• à la B-physics: https://arxiv.org/pdf/1001.3396.pdf, https://arxiv.org/abs/1001.5300  
• m34: https://arxiv.org/pdf/hep-ph/0210077.pdf (and many others)

https://arxiv.org/pdf/1001.3396.pdf
https://arxiv.org/abs/1001.5300
https://arxiv.org/pdf/hep-ph/0210077.pdf
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• in H→4l, not so different from Bs->ɸɸ (K+K-) 

Z

ZH ℓ+
ℓ+

ℓ-

ℓ-
8 unambiguous well-measured DOF

expressed in terms of m4l, m1, 

m2 and angles defined in the 

final state

(p1,p2,p3,p4) = f [A(H→ ZZ)]
relate what you measure and what you want to know ~ 2022 definition of ideal 

"machine learning task"
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write the most general Lorentz-invariant decay amplitude A(H→ZZ)

e.g.: for J=0

SM Higgs pseudoscalar

relate it to the differential mass and angular distribution

J=0: three helicity combinations (A++,A--,A00) 

⇒ Ki = |A++|2,Re(A++A00*), Im(A++A00*) ... (9 terms)

phase space + propagator

d�J(m1,m2,⌦)

dm1dm2d⌦
= P (m1,m2) ·

X

i

Ki(m1,m2)fi(⌦)/
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J=0 J=1 J=2 qq→ZZ

Jm+

Jh+

Jh-

cos(θ*)

ϕ1

cos(θ1)

cos(θ2)

ϕ

arXiv:1208.4018

~33 events

http://arxiv.org/pdf/1208.4018v2
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LESSONS LEARNED

1. scale reliability of discovery up to property measurements
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collapse the 7D information on the final state on a single observable

it is the Bayes discriminant between data likelihood in H0 and H1 hypotheses

mathematically it’s the optimal discriminant in the ideal case

p(0+) p(0-)

theoretical 
calculation

acceptance 
corrections

theoretical 
calculation

acceptance 
corrections

JP-MELA

p(0+)

p(0+) + p(0-)

0+ MC 0- MC

the difference between “real” and “ideal” is the 

effect of reconstruction and selection criteria

☞ p(m1,m2,Ω) is corrected using acceptance functions
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good description of full-sim MC for all tested models

this avoids loss in separation between hypotheses
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LESSONS LEARNED

1. scale reliability of discovery up to property measurements 
2. ML needs MC (which needs ML e.g. event weighting, generative networks)
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distributions of the discriminant D are calculated on full-sim MC

obtain discriminant shapes for the two signal hypotheses and for backgrounds

build a likelihood model in the observable D

L(✏|µ) = Pois(N |µNs +Nb) ·

8
<

:fs [✏ · p(data|H0) + (1� ✏) · p(data|H1)] +
X

i=ZZ,red

fbip(data|Bi)

9
=

;

ε=0,1

JP-MELA discriminant

effect of ESS wrong pairing effects reducible background

sum across two m4l bins: 4×2×2 channels 

([121,127]  and [115,130]\[121,127] GeV)
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statistical analysis is split in 4 final states, 2 c.o.m. 

energies, 2 m4l bins ⇒ enhanced H0/H1 separation  

shapes of the discriminant with 7+8 TeV data

JP-MELA = 0 for alternative hypothesis, 1 for SM Higgs

8 TeV 7 TeV
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use distribution of log[L(H0)/L(H1)] sampled on pseudo-events to build a test statistics

exclusion given w.r.t. 0+ with CLs=CLs+b/CLb method

J=2 production mechanism unknown ⇒ fqq

>95%

“b”
“s+b”

excluded by 

4ℓ+γγ+WW

only sensitive to 0+ vs 1+/- (WW), 2+
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LESSONS LEARNED

1. scale reliability of discovery up to property measurements 
2. ML needs MC (which needs ML) 
3. low statistics doesn't mean you shouldn't do complex analyses
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in the 

SM:

let’s take again the most general H→ZZ decay amplitude for spin zero

(excluded) pure pseudoscalar state corresponds to the  limit |g4/g1|→∞

2i

O(10-2) ≈0

(one loop 

diagrams)

(three-loops 

diagrams)

(suppressed by 

scale2 of NP)

non-zero g2, g4 affect final state distributions

* CP even/odd admixture present if g4 and g1 are both non-zero

* new physics could contribute in loops giving g2≠0

can hint to CP violation (e.g. mixing between multiple Higgs particles 

à la 2HDM) which might explain matter/antimatter asymmetry
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CMS exp. 25 fb-1 
arXiv:1411.3441 

ATLAS exp. 3000 fb-1

ATLAS exp. 300 fb-1

* studied sensitivity on HZZ vertex structure with 300 and 3000 fb-1 at 14 TeV

* systematics: 3% (lumi) + 5% (lepton reco) + 7-10% (bkg, acc)

http://cds.cern.ch/record/1523767
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2022
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also: 
• optimal observables
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LESSONS LEARNED

1. scale reliability of discovery up to property measurements 
2. ML needs MC (which needs ML) 
3. low statistics doesn't mean you shouldn't do complex analyses 
4. effective theories indicate new paths & provide common language
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Theory 
vs. 

Theory

Effective Field Theory. Supersymmetry. UV-
incomplete models. Dark sector. Future colliders. 
Physics beyond colliders. Underground experiments. 
Cosmic frontier. Table-top physics. Big bang.
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SM

SM𝛘

𝛘
mediator

gSMgDM

SM

SM

𝛘

𝛘
mediator

gSMgDM

𝛘

mediator

SM

SM

gSM

?

?

a small detail can completely change the relic dark matter abundance

𝛘

𝛘

SM

SM
v << c
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𝛘 𝛘

SM
SM

Q2 ~ keV2

𝛘

SMSM

𝛘
mediator

gDMgDM
?

1-

0+

1+

1-

0- (suppressed by velocity dependent terms)
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neutrino 
floor

34

𝛘

𝛘

SM

SM

Q2 ~ TeV2

SM?

SM?

SM parEcles

an invisible DM candidate, “𝛘” 
a mediator

other stuff

Δm >> q2: effec$ve field theory (direct detec4on) 
Δm <~ q2: use simplified models
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DM

DM

beam on thin-target dark photon searches

modified-coupling 
benchmark model vs 
"LHC" low-Q2 
extrapolation

G.
 L

an
fr

an
ch

i @
 P

BC
 2

02
1

https://indico.cern.ch/event/1089151/timetable/
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binned ML techniques for DM discovery 
(previously, a world of zero-background counting experiments)

low-Q2 extrapolation of benchmark lagrangians
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LESSONS LEARNED

1. scale reliability of discovery up to property measurements 
2. ML needs MC (which needs ML) 
3. low statistics doesn't mean you shouldn't do complex analyses 
4. effective theories indicate new paths & provide common language 
5. foster continuous cross-contamination of ideas  
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CERN 40/4-C08 - Sunday June 24th, 2012 - ~2 AM

discovery whiteboard

paper editor
paper editor

convener

Higgs boson

6.have fun!
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