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~ermionic Decays

In SM, Fermionic decays establish
interesting hierarchy, due to
Yukawa couplings.

How about h — ffv?
Naively suppressed by Q?coz.
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h— ffy

+ QED radiation at O(y3a)
QED

% EW—Ioop induced diagrams
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Abbasabadi et al. hep-ph/9611209
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h— ffy

+ QED radiation at O(y3a)
QED

EW—Ioop mduced diagrams

" dominant ©
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h— ffy

»* QED radiation at O(y]%a)
QED /

* Suppressed by Yukawa coupling ¥ ¢
»  Chirality flipping.

o EW—Ioop mduced diagrams
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Abbasabadl et al. hep ph/96| 1209

Not suppressed by Yukawa couplings.

» Chirality-conserving.
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Observabllity at LHC

Channel Signal | Background Statistical Significance
[£b] [fb] with 0.3 (3) ab™! luminosity
pp =Yy = uTuy | 0.69 23.5 2.47 (7.79)
60 < By <63 GeV | 0.69 14.6 3.13 (9.89)
pry > 95 GeV 0.46 11.8 2082 (.33
pp = vy —>ete vy | 1.06 27.0 3531712
60 < By < 63 GeV 1.06 150 4.45 (14.1)
pry > 95 GeV 0.79 17.6 3.26 (10.3)
pp— Zy — wtpu~y | 1.40 214 1.66 (5.24)
27 < By < 33 GeV 1.10 121 1.73 (5.48)
pry > 25 GeV 0.91 95.9 1.61 (5.09)
pp— Zy —ete y | 1.38 224 1.60 (5.05)
27 < B, < 33 GeV 3 126 R h)
pry > 25 GeV 0.91 100 1.58 (4.98)
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A Note on h — J/9 ~

« h — J/1 v has been proposed to constrain the charm-Yukawa

Ccupling. Bodwin, Petriello et al. (2013,2014,2017)
Konig, Neubert (2015)

+ Same final state: h — J/v¢ v — £¢~ ,but much smaller rate.
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» Must observe the continuum h — £ first.
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T+T_v

* The dominant production mechanisms for the current LHC

observation of h — 777~ are VBF & boosted Higgs.

+ With an additional photon to trigger on, we can consider the

leading production mechanism gluon fusion.

ocWW,ZZ — h — 7777) = (4.2 pb) x (6.3%) ~ 260 fb;
aglgg—h — ey — (A9 pb) e (0 %)= 50D

+ Completely different decay mechanism, QED dominated.

+ Sensitive to the tau magnetic dipole moment [arXiv:1610.01601].
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Charm-Yukawa Via Radiative Decay

+ Current searches for h — bb via VH /VBF / highly boosted.

+ WVith an additional 7y to trigger on, we could use LO ggF

gg — h — ccy
« Compare ccy vs. J/
much larger BR: 10 e l0="
poor resolution: 797 VS. [y

Require charm-tagging!
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Charm-Yukawa Via Radiative Decay

+ Current searches for h — bb via VH /VBF / highly boosted.

gg — h — ccy
+ Compare CC7Y VS. J/w oY
much larger BR: 10~ va. 10" J/1 ~ is dominated
poor resolution: JJY VS. ppry by v* — J /1, not
Require charm-tagging! very sensitive to the
Yukawa coupling.
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Results for gg — h — ccy

Numbers of events:

€c €p €]
[=520000 L0700 e #lErh
IT | 30% | 20% | 3%
IIT | 45% | 50% | 10%
ol BliS = 103

Luminosity | Operating | Signal | Signal Signal | Background
Point (Total) | (QED) | (EW+7) .

I 683 252 431 3.84 x 107

3000 fb~! 11 1537 | 567 070 | 1.25x 10°

I11 3459 1125 6.51 x 108

2184

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

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

+ Very difficult to reach the SM expectations.
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Results for gg — h — ccy

Numbers of events:

Luminosity | Operating | Signal | Signal Signal | Background
R Point | (Total) | (QED) | (EW-++) | §
e I 633 | 252 31 |[3.84x 107
T | 30% | 20% | 3% fote
I | 45% | 50% | 10% | | 3000 fb~" 11 1537 e 56T G {1 2551108
[11 3459 | 1275 2184 §| 6.51 x 10°
stematlcs. 2 jets plus a photon, with 2 jets (mis-)tagged as c-jets.
o B/ S| 05f 3 jets, with 2 jets (mis-)tagged as c-jets and the 3rd jet
el mis-identified as a photon.

+ Very difficult to reach the SM expectations.
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Com

Darison

Method

ke upper limit projection

h — ccvy (this work)

at HL-LHC (3 ab™ )

h — cc+1it

h 4+ ¢ production

Higgs kinematics 4.2 Ele,rjz eettzll
h — J/y 510, Bishara et al.

Projected sensitivities for probing the hcc Yukawa coupling mc — yc =l / y

the HL-LHC with various methods.

.

Bodwin et al.

1505.06689
1507.02916
1606.09253
1306.5770
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Summary

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

+ The observability of h — u"u~" 7, ete ~ at LHC is comparable
to h —pp .

+ With charm-tagging, h — cC7 can be used to constrain the
charm-quark Yukawa coupling.
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Running Masses

Most significant corrections are from mass running (ms to mp)

Fermion m¢(my) 5m](‘3CD 5m](‘3ED m¢(mp) F(f)z—>ff
(GeV] (GeV] (MeV] |GeV] ke V]
b 4.18 =139 = 2.78 1900
% 1505 —0.657 = 0.604 89.7
T 1.78 : L 575 251
m 0.106 : —4.05 0.102 0.852
e 0.511 x 1073 - K220 % 10mg : 0.489 x 1073 | 1.96 x 107°
/ = 2
kel Q?c x O(1%) B e 1 Mpy = 5f



Decay Widths

Inclusive corrections Exclusive decay

Decay 0T (y7a) | OT (yie®,a*) | T(ffy) keV] | BR(ffy) [107%
Channels keV] keV] ES™ =5/15 GeV | ES™ =5/15 GeV

h — bb —25.3 0.99 9.45/5.44 23/13

h=%cc —1.17 0.91 2.48/1.73 6.1/4.2
h— 777~ —1.37 0.31 10.4/5.63 25/14
h— putp || —4.72 x 1072 0.41 0.436,/0.420 1.1/1.0
h—ete || —1.29 x 107° 0.60 0.589/0.588 lhedid

)5, QED ‘/a : E,>50r15GeV and AR,;, AR 7> 0.4
5FEW o FO _f I Q?P ar AWeak S O( )
mf s 4 /'y



Observabllity at LHC

Selection cuts: ’V'P?Ie .
~¥ Collimated electron pair

e Muu 20GeV S . ™y
gl GeV<Mgg<130
P >23(4) GeV, m\ ) 4 o
'|e+ |+ Ipre- ,|> 144} B poduce continuous background:
p}>03My, |n <144, ARp>1 Drell-Yan + ISR/FSR.

Z-pole

M Mgg = 50 GeV g

120 GV == 130 GeV

per AN CeMiat |0 n = G0
Hestlh Ge Vil <0 225, n N Ry =04




Charm lagging

§ 300} ATLASPreliminary ttsimulation, V5 =8 TeV -
+ c-jets are very similar to b-jets. 8% By > 20GeY, e < 2oy

: Sorour e
+ c-tag efficiency is correlated &

with b-/light-jet rejection.

+ WWe choose 3 working points:

N
Operating Point €Ec €p €] b-zjgt re?eocti‘t)(:]
I 20% | 10% | 1% ATL-PHYS-PUB-2015-001

I1 30% | 20% | 3%

I11 45% | 50% | 10%




Fvents Selection

Selection cuts:
pre > 40(20) GeV In| < 2.5

pr~y > 20 GeV AN =04

LQOR e e 1 50UG e

Numbers of events:

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

I 683 2592 431 3.84 x 107
3000 fb— ! I 1537 567 970 1.25 x 108

IT1 3459 1275 2184 6.51 x 108




Upper Bounad

+ |f BSM significantly modifies the charm-Yukawa coupling by

BSM SM
Ye — RclYe
The statistical significance
MY NI i el
OSD = d i
v Ng vV NB v NB

+ 20-bound on the charm-Yukawa coupling:

e DS E 0 TGS 112 (65
for operating points |, ll, lll with a luminosity of 300 (3000) fb-!.



