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Introduction and motivation

- A consistency test for the Standard
Model (SM) Higgs

» First time measuring WH charge A
asymmetry with Run 2 data (2016-2018)

Inclusive charge asymmetry
o W+h) + o W~h)

. |Indirectly constraining Light quark
Yukawa couplings



Higgs Boson and WH analysis

Production modes of Higgs

g f
W,Z r~
. Associated production of the Higgs I "
‘H
boson g f

« Higgs coupling to W bosons

- Final states: eut,, et,7,, put,, and W,z ----- ) -

HTpT) fOA ° T

Vector boson fusion Top fusion




CMS

Project workflow
» Split charge categories of
the WH datacards
Reconstruct invariant mass
spectrum
Calculate charge
misreconstruction

Calculate inclusive signal
strength
Do multidimensional fit
using Physics model*

» Project constrain on light
quark Yukawa couplings




CMS

Comparing with the publication
Example: 2018 uur,

——

CMS Preliminary vux, 59.5 fb™ (13 TeV)
E 12 T~ T T [~ T T T = c [
S TE+ jbserved Wz 3y | [lzz— 4 Rare . 5 f e
- . Qo [
"GEJ 10 [ educible JlWH, H—>tt [lZH, H—>tt [ |Uncertainty— g =
> - p,(V) K75 GeV : 75<p (V) <150GeV  : p_(V)> 150 GeV J o [ —e— Observed
w8 T T — o 51— W2
- L - - I 22
__ . _ - I fake background
_ - . ZH
_ - . WH

Obs./EXxp.

0 2 4 6 8 10 12 14 16 18 20 22 24

Ref: CMS AN-20-089 m,(GeV)
We can reproduce the invariant mass spectrum of Ditau in the
publication with the split charge categories of W bosons.
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both charges of W.

Channel | 2016 2017 2018 Combined
euty, | 4317570 250733 21871 326117
ety Ty, | 2.5615% 1197313 —1.2671%°  0.26702°
upty [ 370153 53173750 2258550 3797 %
HThTy | 07477733 —038715¢  1250,7;  0.827)%
AIWH | 2591140 149710 0711080 1.4870¢
Ref: CMS AN-20-089

Channel 2016 2017 2018 Combined
eu), 331435 331774 2115 31144

et T, 2.56*_'%:32 1.6“:%:8? —2.12*_'%%% _0.0541(1):82
up, 3.57450s 53015 2127350 37013
U 06975 043535 13855 0.87%p;

All WH 222005 185T; 0673 145K

Inclusive signal strengths for the WH analysis o4
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The inclusive signal
strengths for WH obtained
from the split charges are
compatible with the values
obtained from the unspilt
charge category.



Physics model

To obtain the inclusive charge asymmetry, we can fit the likelihood
of the WH with two parameters.

L=LaW™+ W™+ B)

4 _ _ Signalobserve
A G(W h) - G(W h) a Signaltatal
— postfit postfit
oWth) + o W~h) ML .
( ( Nt 4+ Npret

 aNRE" + BN
TN N




Scaling factors and inclusive charge asymmetry fit

We parametrize the fitting equation into two scaling factors
that contain both A and /.

For W"h: For W™h:
LB+ oy, g u(l — Aoy,
B W-h
20};‘,{;1/‘ 20sm
Where
0, = Us‘%_h + US‘;‘:h ajﬁ”‘ = (.86 pb
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Results

The inclusive charge from Ditau data taken in

LHC run 2 (2016-2018)

BestfitA: 0.152

+0.379
—(0.3383
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- CMS

‘ Internal

A=0.224

- — Observed
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+0.618
- 0.580
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Asimov dataset likelihood testing

for our Physics Model




Projection

projection based on \/E = 13TeVandL = 3ab~!

-0.109
- Internal

-2AInL
~

6f — Observed Asymmetry expected to be

similar at \/E = 13.6 TeV, though
cross sections are slighly larger
(xs WTh=0.919 pb, xs W™h =
0.575 pb vh@nnlo+NNPDF31).




Summary and Outlook

- With Ditau Run 2 data (2016 - 2018), we can start to measure the charge
asymmetry A, for the moment, limited capability of adding a constraint to

the Higgs Yukawa couplings (k).

- We will study possible systematic that may affect directly the asymmetry.

» Other decay modes — e.g. H -> bb, H -> gg, and H -> WW — may give
more information of constraint on light quark Yukawa couplings.
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Thank you
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