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Source: ATLAS Higgs Discovery
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Discovery of the Higgs boson (H) in 2012 was a major milestone in o7 Ty Lt 4.8 1 :
_ ) 15[Vs = 7 TeV:JLdt = 4.8 fb ’
the LHC program, and gave evidence for the mechanism? that allows S :
for massive gauge bosons in the Standard Model 100
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Particles couple to the Higgs via Yukawa interactions. 100 150 200 [Ge\zl?o
Strength of this coupling is proportional to particle mass !
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Where v is a property of the Higgs field

1) As proposed by Brout, Englert, Higgs, Guralnik, Hagen and Kibble in 1964
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.13.321
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.13.508
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.13.585
https://inspirehep.net/literature/1124337

Source: Nature
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https://rdcu.be/dYSnV

Measuring 2" generation Yukawa couplings

Couplings to ¢ and s are challenging due to large soft £ ¢+ ' =~ " "~ EE
CD backgrounds i lisi d jally f s [
Q ackgrounds In pp collisions and, especially for s, 2 flw
small branching ratios (BRs) of 3% and 0.02% L ——,
Compared to ¢ and s, u decay provides an Iz .
experimentally very clean signature, despite a BR . :
similar to s | —
10 - Zy i
So far, only ¢ and u couplings have been studied, " T ]
H — pu is closest to discovery having been measured ™% %112 125 124 125 126 127 120 120 o

at 2.0 and 3.0 ¢ by ATLAS and CMS respectively

Source: CERN Yellow Report 4

Improving di-muon invariant mass - M. Z. Barel - Nik|hef



https://arxiv.org/abs/2007.07830
https://arxiv.org/pdf/2009.04363
https://arxiv.org/pdf/1610.07922

H — uu: Easy pickings?

Despite the clean signature and simple decay geometry, still a challenging
measurement due to large backgrounds from vector boson and top pair decays

Three main background processes

Drell-Yann (Z/y™)

L)y

t — pair production Diboson (WZ/WW /ZZ)

Diagram source: PhD Thesis A. Alfonsi
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https://www.nikhef.nl/pub/services/biblio/theses_pdf/thesis_A_Alfonsi.pdf

Not to scale

Finding the Higgs “

Z/y* - putu

# Events

Look for a bump on a smoothly falling background in the
region m,, € [110 — 160] GeV

 o(p~-H)-BRH->puu) 117X 1072 pb — 0,007
isg] o(pp = Z/y*) - BR(Z/y* - up) 6.7 pb '

S
B

70 90 110 120 130 1(;0
M+, [GeV]

Boost sensitivity in order to see anything
* Reduce B through selections/cuts/ML techniques? — Already done

* Increase amount of data — Time
* Improve di-muon invariant mass resolution — This talk

2) A talk on this topic was given earlier today by Karel de Vries
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https://indico.nikhef.nl/event/5242/contributions/23267/

Exploiting H —» u*u~ decay geometry

—¥— Reconstructed
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Exploiting H —» u*u~ decay geometry
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Exploiting H —» u*u~ decay geometry

—¥— Reconstructed

---8-- Truth
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Exploiting H —» u*u~ decay geometry

—¥— Reconstructed

IR ---83-- Truth
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Method/Fitting Math

The Higgs decay vertex is fitted using a modified y? fit, adding a constraint term: 0*
Z
2 2 2
- Ax Ay Az
0= tens (2] (2] 2
O-X,V O-y’V O-Z,V

Where g; ,; give the constraint envelope size and Ai, = i, — iy, the distance between the envelope origin and the
fitted vertex position

u= (gl) u(é) = (g})_ d0 and z0 are given by
2 2 dOgeco = —Xp Sin g + y,c0s(Py)
. ). eco 14 0 D 0
With track parameters P'": , Z0geco = 2z, — d0 cos(8)/sin(6)
/dO do ’ /
ZO\ zO’\ d0’" and z0" by
0 , 60 d0" = d0geqo — AdO
P; = P , P;= P z0" = z0peco — 2z' + AdO cos(0)/sin(6)

q With
\ p / Ad0 = —x'sin(¢p) + ¥’ cos(¢y)

\»/
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Method/Fitting Math

Fitis performed by solving With reduced track parameters
using , R B,
%) | @
y 1
{=|2 \\0/,/
Py
P, Since u($) is non-linear in this case, the

fit needs to be performed by iterating
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Results

The fit will update the values for dO and zO for both muons and izo
through covariance, the other track parameters ¢, 8 and q/p

With these updated track parameters the invariant mass is then recalculated,
changing the shape of the distribution

2 ~ Ay 2 2
mu+”- ~ mu+ + mu

+2 L/Iﬁz:(ﬂ*)lz +m, -\/Iﬁt(u‘)l2 +mg- - coshAn — p (™) - e (1)

With An o< |6,- — 6+

Improving di-muon invariant mass - M. Z. Barel




Results — Updating d0
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Before the fit there exists a small After the fit the correlation is reduced
correlation between d0 of u~ and m,, and the d0 distribution is narrowed
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Results — Updating m,,

#events / 0.5 GeV

Fit/ MC
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ATLAS Work in Progress
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Event count increases around the Higgs mass and is
reduced in the tails, indicating that the peak has narrowed
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which is what the fit is designed to do

ik, Is shifted towards the true [ithy value,

0
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Results — Counting significance

To quantify the impact of the vertex fit, calculated the counting
significance in our signal region

2= fo(s+mm(1+3)-s)

Pre-fit 375 188995 1.385
Post-fit 377 188968 1.402 1.23%

Pre-fit 1999 1007281 3.197

Post-fit 2012 1007134 3.236 1.22%
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Closing remarks

| showed a new technique for improving the di-muon invariant mass resolution for the
H - u*u~ analysis by fitting the Higgs decay vertex of the di-muon system

Applying this fit correctly shifts the value of the invariant mass towards that of the true
value in simulation, which in the ends results in an improved invariant mass
resolution and a ~1% gain in significance

Whilst small, it is only one piece of the puzzle, and combined with all other analysis
techniques, it will bring us a little bit closer to discovery at 5¢!
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Thank you for your attention!
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