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The Higgs and the electroweak symmetry breaking

Anderson-Brout-Englert-Guralnik-Hagen-Higgs-Kibble-'t Hooft mechanism (1964)
- masses of W=+ and Z" gauge bosons (+ quarks + charged leptons)
. electroweak unification/symmetry breaking at the Fermi scale (~ 10% GeV)
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Shape of the Higgs potential via Higgs boson pair production

« SM Higgs potential V;,,(¢) = p?|¢|* + A|¢|* is not the only possible shape

« A\ =mj/2v? ~ 0.129 is fully determined by the
- Higgs vacuum expectation value v ~ 246.2 GeV
- Higgs boson mass m, ~ 125.2 GeV
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« SM Higgs potential V;,,(¢) = p?|¢|* + A|¢|* is not the only possible shape

« A\ =mj/20v? ~ 0.129 is fully determined by the
- Higgs vacuum expectation value v ~ 246.2 GeV
- Higgs boson mass m, ~ 125.2 GeV

- A precise measurement of )\ to constrain the actual shape of the Higgs potential is a priority
of current (LHC) and future (HL-LHC, FCC, CEPC...) particle physics experiments

« How? X\ shows up in
« hhh self-coupling \7Y, = \v = m? /2v
« hhhh self-coupling >}, = \/4 = m? /82

Direct measurement through the rate of hh production as some of them come from h — hh




Status of Higgs boson pair production at CMS (hitps://arxiv.org/abs/2207.00043)
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Status of Higgs boson pair production at CMS (hitps://arxiv.org/abs/2207.00043)
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has the largest branching ratio Full Run 2 data (138fb™") o, ;5 /oo, < 3.4 at 95% C.L.

: : , : ,and  HL-LHC (3000 b~ 1) is expected to “establish the SM Higgs
multilepton , , boson pair production with a significance of 4 s.d.”
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Gluon-gluon fusion (ggF) Higgs boson pair (/) production at the leading order
Dominant hh production mode compared to vector boson fusion (VBF), WH/ZH (VH), ttH...
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Exploit kinematic characteristics to purify the “triangle” contribution from the total gg — hh
process so that the number of observed gg — hh events becomes more sensitive to \
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Sample production
« MadGraph5_aMC@NLO (Monte Carlo event generator) for the

« gg — hh — bbr— 7" total process (triangle + box + interference)
« gg — h* — hh — bbr— 77 triangle contribution

« gg — hh — bbr— 7+ box contribution (forbidden s-channel »*)
g9 — bbZ(r7) background

gg — tt — bW (rv) bW (7v) background

- DelphesPythia for the hadronization and fast parametric detector simulation



Kinematics @ 80 TeV (FCC-hh)

80 TeV . hh- bbtr (tot)

600 A
1 hh-bbtt (box)
500 - 1 hh-bbtt (tri)
tt > bbW(tv)W(TV)
400 A
300 A
200 A
100 A
0 T T T |7 —
0 200 400 600 800 1000
Mpprr
80 TeV [ hh- bbtr (tot)
[ hh-bbtt (box)
6000 1 hh-bbtT (tri)
tt - bbW(Tv)W(TV)
5000 A
4000 A
3000 A
2000 A
1000 1
0 T T T T
0 50 100 150 200 250

Mpp



Kinematics @ 80 TeV (FCC-hh)

80 Te\[1 hh - bbTT (tot)
1 hh-bbtt (box)

1200 - 1 hh-bbtr (tri)

tt - bbW(Tv)W(TV)

1400 A

1000 A

800 1

600 -

400 A

200 1

0 100 200 300 400 500 600 700
min(lpT,bblr |pT, rrl)

80 Te\[—1 hh-bbTT (tot)

1 hh-bbtt (box)
1000 7 1 hh - bbrr (tri)
tt - bbW(tv)W(TV)
800 1
600 -
400 1
200 A
0 T . . T :
0 200 300 400 500 700

maX(lPT, bblr |pT, rrl)



Kinematics @ 80 TeV (FCC-hh)

600 {1

500 ~

400 A

300 1

200 4

100 A

80 TeV O hh- bbrr (tot)
1 hh-bbtt (box)
1 hh-bbtr (tri)
tt - bbW(tv)W(TV)

min(|Npsl, [Nl

350 A

300 1

250 A

200 1

150 A

100 A

50 |

80 TeV 1 hh- bbrr (tot)
hh - bbtTt (box)

T iy 1 hh-bbTr (tri)
~ tt - bbW(Tv)W(TV)

2

maX(|f7bb|r |r)r'r|)



Kinematics @ 80 TeV (FCC-hh)

80 TeV . hh- bbtr (tot)

600

500 4

400 A

300 1

200 A

100 A

1 hh-bbtt (box)
1 hh-bbtr (tri)
tt - bbW(Tv)W(TV)

200 400 600 800
Mpbrt

1000

80 TeV [ hh- bbtr (tot)

6000 -

5000

4000 A

3000 A

2000 A

1000 1

[ hh-bbtt (box)
[ hh-bbtr (tri)
tt - bbW(Tv)W(Tv)

50 100 150 200 250
Mpp

80 Te\[1 hh - bbTT (tot)

80 TeV O hh- bbrr (tot)

1400 -
1 hh-bbtt (box) 600 - 1 hh-bbtt (box)
1200 - 1 hh-bbtrt (tri) 1 hh-bbtrt (tri)
tt > bbW(tv)W(TV) 500 A tt - bbW(tv)W(TV)
1000 4
400 A
800 -
300 A ] B
600 ] =R
400 - 200 1
200 100 1 —LLFL‘*Lr_
0 T T T T T T T O T T T :_L‘_‘—L—L_I_‘_
0 100 200 300 400 500 600 700 0 1 2 3 4 5 6
min(lpT,bblr |pT, rrl) min(lnbblr |nrr|)
80 Te\[—1 hh-bbTT (tot) 80 TeV [ hh- bbrr (tot)
[ hh-bbtt (box) 350 4 1 hh-bbtt (box)
1000 4 1 hh-bbrr (tri) 1 hh-bbTr (tri)
tt-> bbW(tv)W(tv) 3007 1 Id--’ tt - bbW/(Tv)W(Tv)
800 - -
250
600 200 -
150 4
400
100 -
200 7 50 .
il L
0 L T T T T T T T O T T T T T
0 100 200 300 400 500 600 700 0 1 2 3 4 5 6

maX(lPT, bblr |pT, rrl)

maX('f]bblr |’7rr|)



Kinematics @ 100 TeV (FCC-hh)
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Kinematics @ 120 TeV (FCC-hh)
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Work In Progress (until August 8)

- Preselection (2 b-tagged jets, 2 7 1eptons, 7,47y, OF Ty Tieps PT» P17 » AR..)
- Fit and scan of negative log-likehood —2A In(L) over &,

« hhvs. backgrounds discriminant

 hh triangle vs. other contributions (box, interference) discriminant
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The High-Granularity Calorimeter (HGCAL) endcaps for CMS at the HL-LHC

« HL-LHC, major upgrade of the LHC for the 2030s (way more data, finer n and ¢ segmentation)
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HGCAL silicon readout electronics

« 27,000 hexaboards and modules to assemble and test
 in numerous hexaboard assembly facilities
- at the 6 module assembly centers (USA, China, Taiwan, India)
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HGCAL silicon readout electronics

« 27,000 hexaboards and modules to assemble and test
 in numerous hexaboard assembly facilities
- at the 6 module assembly centers (USA, China, Taiwan, India)
- at the 2 cassette assembly factories (CERN and Fermilab)
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Contribution 1/2 — development of the GUI from Alabama University

Hexaboard Testing GUI
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Contribution 2/2 — module multiplexer board
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