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' QED radiation atO (y?! )

QED

Suppressed by Yukawa coupling
Chirality 3ipping.
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" Not suppressed by Yukawa coupling

. Chirality-conserving.
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FEIC Searh for bt
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FEIC Searh for bt
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Observabllity at LHC

Channel Signal | Background Statistical Significance
[fb] [fb] with 0.3 (3) ab' ! luminosity
e e S T e LS B 23.5 2.47 (7.79)
60 < E, < 63 GeV | 0.69 14.6 3.13 (9.89)
pry > 55 GeV 0.46 11.8 2R3o8 (D3]
pp! 1711 efte'l | 1.06 27.0 353 (11:2)
60 < E, < 63 GeV | 1.06 17.0 4.45 (14.1)
pry > 55 GeV 0.79 17.6 3.26 (10.3)
i e A B e R s B 214 1.66 (5.24)
27 < E, < 33 GeV | 1.10 121 1.73 (5.48)
pry > 25 GeV 0.91 95.9 1.61 (5.09)
PR e ] 1.38 224 1.60 (5.05)
27 < E, <33 GeV | 1.13 126 g% (5.50)
pry > 25 GeV 0.91 100 1.58 (4.98)
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Observabllity at LHC

‘ Channel Signal | Background Statistical Significance
Separate channe | fb] fb] | with 0.3 (3) ab' ! luminosity

[ Tl !' I 69 23.5 2.47 (7.79)
60 < <63 GeV | 0.69 14.6 3.13 (9.89)
pry > 55 GeV 0.46 11.8 Pegor (e
pp! 1711 efte'l | 1.06 27.0 353 (11:2)
60 < E, < 63 GeV | 1.06 17.0 4.45 (14.1)
pr~y > 55 GeV 0.79 17.6 3.26 (10.3)
i L T™yL.40 214 1.66 (5.24)
o= Cov | 110 121 1.73 (5.48)
pry > 25 GeV 0.91 95.9 1.61 (5.09)
PR e ] 1.38 224 1.60 (5.05)
A s B B 126 1.74 (5.51)
pry > 25 GeV 0.91 100 1.58 (4.98)
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Observabllity at LHC

Channel Signal | Background Statistical Significance
[fb] [fb] with 0.3 (3) ab' ! luminosity
T ol bl B S s (1 9355
60 < E, <63 GeV 0.69 14.6
pry > 55 GeV 0.46 11.8
ppdt el oo 1.06 27.0
60 < By < 63 GeV 1.06 17.0
pry > 95 GeV 0.79 17.6
G370 e/ R S e et i B 1 214
27T < E, <33 GeV | 1.10 121
pry > 25 GeV 0.91 95.9
pp! Z1 1 etel 1.38 224
27T < E, <33 GeV | 1.13 126
pry > 25 GeV 0.91 100
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ANeoteonnt Jit-

 h! J/!'" has been proposed to constrain the charm-Yukaw

coupling. Bodwin, Petriello et al. (2013, 2014, 201
Konig, Neubert (2015)

. Same bnal stath:! J/!" | ##" ,but much smaller rate.
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. Must observe the continuurh ! 1" brst.
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" One of the dominant production mechanism for the current LHC
observationofh! ! 71" isVBF

- With an additional photon to trigger on, we can consider the
leading production mechanism gluon fusion.

&WW,ZZ ! h! % %)=(4.2pb)" (6.3%)# 260 fb;
&(gg! h! %% !)=(49 pb) " (0.1%)# 50 fb.

- Completely different decay mechanism, QED dominated.

- Given the complexity of the tau decay, further study Is needed.
7112



Probe Charm-Yukawa at LHC



Charm-Yukawa Via Radiative Decay

. Current searches foh! b€ via VH andVBF

- With an additional to trigger on, we could use ggF

gglt . nht. ce
- Compare cd vs. J/" |
much larger BR 1@ s 10"
poor resolution: JJ ! vs. pp!

Require charm-taggin
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Charm-Yukawa Via Radiative Decay

. Current searches foh! b€ via VH andVBF

- With an additional to trigger on, we could use nn

gg! h! cd
- Compare cd vs. J/" | %
much larger BR 19' Vs 10" JEEE e dominated‘
poor resolution: JJ I vs. pu! byelic b o) 45 hot
Require Charm_taggin very SenSitive-tO the
Yukawa coupling.
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Results for gg !

Numbers of events:

h!

co

20%
30%
45%

10%
20%
50%

1%
3%
10%

B/S ~ 10,

Luminosity | Operating | Signal | Signal | Signal | Background
Point (Total) | (QED) | (EW+ ")

| 683 | 252 431 |/ 3841 107

3000 f ] 1537 | 567 | 970 | 125! 10°

1 3459 | 1275 | 2184 _- 6.51! 10°

2 jets plus a photon, with 2 jets (mis-)tagged as c-jg

3 jets, with 2 jets (mis-)tagged as c-jets and the 3rd
mis-identibed as a photon.

Very difpcult to reach the SM expectations.
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Com

Darison

Method

| ¢ upper limit projection

h! c@' (this work)

at HL-LHC (3 ab' 1)

6 B

h! cetbt |
h + c production | 56
Higgs kinematics 40
il g | &5

Projected sensitivities for probing the hceg Yukawa couplin .

the HL-LHC with various methods.

Perez etal. 1505.0668
Brivio et al. 1507.02911
Bishara et al. 1606.092E
Bodwin et al. 1306.5770
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Summary

Higgs radiative decay to a fermion pair Is not necessarily
suppressed by the Yukawa coupling.

The observability oh! p p' !, e"e | at LHC is comparable
TeX ppll Ve

With charm-taggingh ! ce@ can be used to constrain the
charm-quark Yukawa coupling.
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T hanks!
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Back-up



Running Masses

Most signibcant corrections are from mass runningtnmp)

Fermion w2 (ms ) 671&19@ 671&]9ED w2 (mp) it
[GeV] [GeV] [MeV] [GeV] [keV]
b 4.18 1 1.39 | 5.72 2.78 1900
c it | 0.657 1 9.33 0.604 89.7
T 1.78 : | 27.2 1.75 251
1 0.106 - | 4.05 0.102 0.852

e D51 103 - #\220" 10'%/| 0.489" 103 | 1.96" 10'°

/ 2
I Q2" O(1%) l< !O—gmh%$



Decay Widths

Inclusive corrections

Exclusive decay

Decay LE(y2") | M (RSt | (F ) [keV] BR(f #%) [10' 4]
Channels [keV] [keV] ECUt =5/15 GeV | EfUt =5/15 GeV
h! b8 " 25.3 0.99 9.45/5.44 23/13
h! ce ] A7 0.91 2.48/1.73 6.1/4.2
h! $¢ 137 0.31 10.4/5.63 25/14
e Ve R B o S [0 2 0.41 0.436/0.420 1.1/1.0
h! e'e ||"129# 10 ° 0.60 0.589/0.588 1.4/1.4
i ,/@ . Ey > 5or15GeV and "Ry, " R, 7> 0.4
( = it ch; 7 # weac O(a2)>



Observabllity at LHC

| Selection cuts: _ ! -pole |
-9 Collimated electron pair

< 1GeV < |v| ’" 130
By > 23 (4) GeV, [l < 24

|ve+|,+ ,' > l GeV |#e| <144} B peduce continuous backgrounc
p > O3|\/|||,

Drell-Yan + ISR/FSR photon.
¥ Z-pole

.. M= > 50 GeV .-
pr > 20 (10) GeV, [$u]< 2.5, |$e| < 2.4
py > 15GeV, [|$|< 25 "Ry > 04




Charm lagging

s 300 ATLAS Preliminary tt simulation, v's =8 TeV 1
200 pE* > 20 GeV, || < 2.5 |
JetFitterCharm

c-jets are very similar to b-jets.

Contours give ]
c-jet efficiency ]

c-tag efPciency Is correlated
with b-/light-jet rejection.

We choose 3 working points:

Operating Point ' C | b | | b-jet rejection
| 20% | 10% | 1% ATL-PHYS-PUB-2015-001

| 30% | 20% | 3%
I 45% | 50% | 10%




Fvents Selection

Selection cuts:
pr. > 40(20) GeV  |n| < 25

pr, > 20 GeV AR > 04

0=l +> =21 50:GeV

Numbers of events:

Luminosity | Operating | Signal | Signal | Signal | Background
Point (Total) | (QED) | (EW+ ")

| 683 252 431 3.84! 10/
3000 fb ! I 1537 567 970 1.25! 108
1] 3459 | 1275 2184 6.51! 108




Upper Bounad

- If BSM signibcantly modibPes the charm-Yukawa coupling by

BSM _ SM
c = $cYe

The statistical signiPcance

BSM n 2 QED EW+ | 2 QED
e R oy NNs
Np Np Np

2! -bound on the charm-Yukawa coupling:
"< 125 (7.0), 111 (6.3), 11.2 (6.3)
for operating points I, Il, Il with a luminosity of 300 (3000).fb



