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Higgs couplings to fermions

Higgs boson mass and spin-CP well
constrained by measurements using
decays into bosons H—=yy, H=2/Z/—4¢
and H—- WW*

Yukawa coupling in the SM: Higgs
coupling to fermions proportional to
fermion mass
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http://cdsweb.cern.ch/record/2273853
https://link.springer.com/article/10.1007%2FJHEP08%282016%29045

Higgs production at the LHC

Run 1 Run 2

gluon-gluon-fusion
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» ggF has the highest cross-section but suffers from large backgrounds
 ttH, VBF and especially VH topologies can be used to efficiently tag events

e ttH and bbH production are directly sensitive to b- and t-Yukawa coupling "
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Higgs decays to fermions

* Higgs BRs only depend on my in the
SM. For my = 125 GeV:

S T A A A 0t
&6 - bb %
* bb~ 58% - very large backgrounds o . g
from multijets, good b-tagging §10_1_ 39 5 BE
© - 1T ! =
* 7T =~ 6.3% - MiSSing energy from - w\'—’—s
neutrinos, my; reconstruction, 10_2"‘22’, ' }
background from jets taking taus
VY

backgrounds from multijets, good - § E
c-tagging o .
A N T N A I N N

107
120 121 122 123 124 125 126 127 128 129 130
. ~ 0.022% - rare process, large M, [GeV

background from Drell-Yan
universitétbonnl

C. Grefe - Higgs couplings to fermions - LHCP2018



-

.. and some combinations with LHC Run 1 results : ~5fo- @ \/;= 7TeV + ~20fb1 @ Vs = 8TeV | o "
* S rEvE T ; i sitatbonn
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Yukawa couplings

we have seen:
bottom, top and tau




Bottom-Yukawa coupling

How?
e Look for Higgs decays into two b-quarks

* Huge background from jet events = use production modes with
additional objects to tag: VBF, VH and ttH

 Complex final states = multivariate analysis techniques to assign
jets to objects and to distinguish signal and background

Greatest challenges

* Good flavour tagging performance to identify b-jets

* Large backgrounds from ttand W/Z + heavy flavour jets

universitétbonnl
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€)= Search for ttH, H-bb™="

EXPERIMENT 1 1

. . - > t g
* Target topologies with 1 or 2 leptons + 4 b-jets i <,, H<Z
b b
e Largest background from tt + heavy flavour jets g — i3 7
. . §1OSé'ATLIAS - QIZ_)Iata | .ItfH - |:|t|§+|igr|1t
» Categorise events by Np, Niets and b-tag score into § | o-taTevamin’ Ofiaic Wieab W
multiple signal and control regions ") P
10° &
« Use MVA for event reconstruction and classification o'
103§'
e Use matrix element method (MEM) as additional input of T = B
to event classn‘lcatlon ] D
;/ 'ATLAS 7 _ 7 _ _ 8 os Ce;g/fofel,gfﬁgb Shy SAs Seéoos,e‘;‘,’?}f;;afeﬁj%ﬁ SRy SRz Sz
| » use BDT to associate jets to top quark and Higgs , omst T wswieny
candidates + dedicated BDTs for each signal region| 5 L
to classn‘y S|gnal and background events ( | 10? Wi Wonge: ?
/ - - N R ;_ o —— 105_ =\[§i+;§tsson gﬁz\éertainty_él
11 . smgle Iepton deep neural network to |dent|fy most i
\  probable topology and distinguish signal and -
background -
-« di-lepton: use BDT = MEM to dlstlngwsh S|gnal and | <
background o e =1 | £ "
CMS ‘ 2 3 4 5 6 7 8 9 .
e — — , Number of jets t3thonn
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
https://arxiv.org/abs/1804.03682
http://www.arXiv.org/abs/1803.06986

£) > Search for ttH, H- bb™

ATLAS {s=13TeV, 36.1 fb 35.9 fo (13 TeV)

S Eamas | 4baa 3 . S T
2 <[ Vs=13TeV, 36.1 fb" B tiH (u =0.84) 7 —_— tot B
Lq>lj " :E= e ttH (ii'.;s%excl.=2'o)EE stat. mH - 125 Gev : ot statsyst
105: ;:iczgrgund . tot (stat syst) 3
E 7 . Unc. 3 :
- Bkgd. (u=0) 3 Dilepton _0.24 +1.02(+0.54 +0.87) Single-lepton .....;... 0.84 *0%2 027 4044
10'F- 2 (two-u combined fit) = 1.05 \ -0.52 —0.91 ‘
103é— _é' Smgle Lepton 0.95 +0.65 , +0.31 +0.57 . 121 +0.63 +1.04
- {iH (bb) Combined 4 (two-u combined fit) s A ) —0-62(—0.31 —0.54) Dilepton n—.—-—.—| -0.24 *}%) ggg _0_85
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_ :,F!’(,)S,’tffit,,,!,,,!,,,!,,,!,,,!,,,!,,,!,,,!,: _ 0.84 +0.64(+O.29+0.57) ‘
c%% ‘21_ " E Combined —-o-— -0.61\ -0.29 -0.54 Combined H+H 0.72 045 02t 1038
§§ O: / //‘///////); II_1IIII0IIII1IIII2IIII3IIII4IIII5IIII6II | | | | | ; | | | | | | | | |
236 24 22 2 18 16 1.4 12 -1 08 Best fit u = o™/t -2 0 2 4 6
109,(5/8) eetit p = 0T 05w Best fit u = O/OSM atm, =125 GeV
Extract signal from combined likelihood fit to MVA distribution in all 359 15" (13 TeV)
signal and control regions & fcms e paa 'j
» 10° Background 3
C : T . [ Signal (uw=0.72) 3
Largest uncertainties: tt+heavy flavour modelling, data and MC 2 - —SM@u=1) ]
statistics, and flavour tagging ol :
Obs. (exp.) excess of 1.4 (1 60) for My = 125 GeV 10
‘: 10;E 3
Obs. (exp.) 95% C.L. limit at p <2.0 (1:2) L | e
— : ———————— 3 1o R =
/ - ' ' ] ) N\ ~ 1.0F . . o<
1' Obs. (exp.) excess of 1.60 (2 20) for mH — 125 GeV S ol .
| ‘; D 06__\ | | | | | | | ‘ | | | | ‘ | | | | ‘ | | | | |__

Pre-fit expected Iogm(S/B)
Signal Strength: U= O'XB/ (O'SMXBSM) unlversrtatbonn]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
https://arxiv.org/abs/1804.03682

| ATLAS-HIGG-2016-30 |

£ Search for VBF, H—bb

EXPERIMENT

* Require 2 VBF jets + 2 b-tagged jets (+ additional photon) 7,

* Use dedicated VBF triggers to record events (separate
trigger for central and forward jets)

% EI —e— Data
g 60: —— Signal+Background Fit -
: : ------ Non-re;son?nt Background J
* Largest background from non-resonant jet production and ¢ *F T¢ et e a0ty ]
Z— bb + jets S :
30
205 ?jLAS_I_P\;eIimig%y
: : : : —{s=13 TeV, 30.6 fb"
* Use BDT to classify events in each signal region based on o Photon channel, SR |
jet kinematics (without mepp) RN ST
 Largest uncertainties: jet energy scale and resolution, signal g ™ H‘#"i RE '
" ] D | —
modelling and flavour tagging 1 680700 120 140 760 780500 22'0[548]
m,, [Ge
» Fit analytical background function to data in sidebands e
7 (Tot.) (Stat., Syst.)
e Obs. (exp.) significance of 1.9¢ (0.90) Photon o017 et 23 a7 L7 wo2)
AlHad. 245" H——e——— 27 22 (+18 211,

* Obs. (exp.) limit of uxps < 4.8 (2.5) and for VBF production I O A

only pver <5.9 (3.0) at 95% C.L. o ey O™ e 25
| see also CMS-PAS-HIG-16-003 { 0 B S ST

M= O b Ch b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-30
https://cds.cern.ch/record/2160154

JHEP 12 (2017) 024 J

_— Evidence for VH, H- bb_ *

/\. TITTT‘TTTNTTT‘TTT‘T NTTT‘TTTIT 359fb (13 Tev) ! ) I ! ! ! I ! ! ! I ! ! ! I ! ! ! I ! T T
g 121 ATLAS +5Ht ven 130)— @ — Ms‘ T T T ATLAS VH, H(bb) E=7TeV,81TeV, and113TeV 1
Fos= X B VH — Vbb (u= = r 1 dt=4.7 fo™!, 20.3 fb™!, and 36.1 fo- _

2 101~ 0+1 231Tpv o -Db ] c C ¢ Il VH(bb) (u=1.2) ] —Total - Stat. Jr pp — VH; H —bb
D L susjets, 2 botags Uncertalnty @ 200 _ E]VZ(bb) ] . (Tot.) ( Stat., Syst.) Combined u = 1.2 = 0.4
S . ijet mass analysis 8 [ PP — VH, H - bb b ,
s 8- Weighted by S/B Dijet ly ] 2 s B8 certainty 7 TeV ——a—— -1.61 1123 ( 1112§ , fg.g; ) ZH(bb)
5 & 2 150 ] g 135 0. H
8 6» q;_) r u=09=+05
S [ = C +0.43 033 +0.28
3 al 2 100 q 8Tev ) 0.65 %4 (f32: 024 ) WH(bb)
= a 2} i : W= 17207
= ofF Dol 31 13 TeV Hed 1.0 *042 (1024 4034,
o “f . : 036 \-0.23-0.28 0 lept.
2 Or N i e Ay AR SR SRR R u=0.0=05
~ A 0 0.2 : .
£ 2: I T S T S P i | como “Tl 090 %z (%o oio) 1 lept
$ 40 60 80 100 120 140 160 180 200 e SN AR AR PP BRI | Ty T g g n=19=08
L GeV 0 50 100 150 200 250 .. b

my, [GeV] M, [GeV] Best fit u’> for m =125 GeV 2 lept,

u=18=0.6
-1
+ Require 2 b-tagged jets + 0 (Z-vv), - = *
equire tagged jets + V),
»

1 (W—2v) or 2 (Z—¢¢) leptons Obs. (exp.) sign. of 3.50 (3.00)

Largest background from Z+heavy
flavour (O- and 2-lepton) and tt (1-
lepton) and irreducible background
from VZ with Z—=bb

« Combination with Run 1: obs. (exp.)
S|gn|f|cance of 360 (4 ‘ )

I+ Obs. (exp.) sign. of 3.3¢0 (2 80) cus |

* Requires good mpp resolution Combination with Run 1: obs. (exp.)

» Use BDT to classify events in all significance of 3.8¢ (3.80)

signal regions
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https://link.springer.com/article/10.1007/JHEP12(2017)024
https://arxiv.org/abs/1709.07497

Top-Yukawa coupling

How?
e For my = 125GeV no H— (it decays = measure ttH production

e Use all final states with large branching fraction or clean signatures:
H—bb, H—=yy and leptonic decays (H—tt, H—=> WW* and H—=ZZ%)

Greatest challenges
« Good flavour tagging performance to identify top decays
e Control backgrounds from tt + bb, tt + W/Z and fake leptons

* Many different topologies with complex final states

universitétbonnl
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&) | ttH, H—multi-leptons

EXPERIMENT }

f@

« Jarget ttH + all Higgs decays with leptons L T T
in final state: H—=tt, H=WW* and H—ZZ* Eioffopr e Sovesn  ElNonpon
I Fake ?ET( .. 77/, Uncertainty
e Categorise events based on number of hadronic

taus and light leptons

* Large backgrounds from ttV, non-prompt leptons .|

and jets faking taus depending on region ;W,,/V;///AJ/%/A///W//,W// 4 Mf//,;%%m
« Dedicated BDTs to reject non-prompt leptons R S e T
. .C'.V'§....I....I....I...3.~”’-?F'°.'1.(1?IT‘?V3

e |Largest uncertainties: signal modelling, jet energy
scale and non- prompt lepton estlmate

ST e T

+ Data
B i (i=1.23)
|:| Background

: Background uncertainty

bl

log, (S/B)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
http://arxiv.org/abs/1803.05485
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C
e} [
o 4 Data i —_ Comblned
o i (=1.32) ATLAS e Total Stat. [ Syst. — SM 303 cMs T SM expected
> = -
it H (u1) Vs =13 TeV, 36.1 - 79.8 fo' : — ;38T$ZV
JR— + i
|:| Background | Total Stat.  Syst. s\ ,'1;— // 50 ]
ffH (bb) H - H 079+ 08 (x 92 . 053) ! ]
20k
ttH (multilepton) H=—H 156 = 030 (* 02 »* 027 ) -
| o 15 :7 77777777777777777777777777777777777777777777
tiH (yy) —==— 139+ 090 (= 0% . 050) -
1o~C\\ S/ 301
ttH (22) fe <1.77 at 68% CL C
-8'_’ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ---------------------------------------------------------------------------------------- 5-
X e N i Gl e N )
% N Combined H=—H 132+ 0% (=018, *) NN =
© — 0
o
III‘ IIIII ‘III-III-I IT IIIIIIIIII IIIIIIIIII . L L L | L L L L | L L L L | L L L L | L L L L | L L O 05 1 15 2 25 3 35
s T 05 0 0 -1 0 1 2 3 4 M
log. (S/B) ; ; ;
" tH/ 0ttH 51" (7 TeV) +19.7 b (8 TeV) + 35.9 tb™ (13 TeV)
@® Observed

* Combine measurements of all final states sensitive |
to ttH: H—bb, H—=tt, H= WW*, H—=ZZ* and /-/—'yy HHWW) T

ttH(ZZ*) o

mmm +10 (Syst)
+20 (stat @ syst)

C M S = +10 (Stat @ syst)

ttH(yy) o=

fiH(r*) [——————

ttH(bb) —-0—-—
748 TeV —'_'—
13TeV_ +
Combined —-—-—
L B R B R

Obs (exp ) S|gn|f|cance of 5.20 (4 20) for a
Comb|nat|on Run 1 and Run 2 data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-13/
https://arxiv.org/abs/1804.02610

] CMS PAS- HIG 17 005 J

| Search for tHq, H-multi-leptons ==

A\
L
q CMS Preliminary 35.9 fb"' (13 TeV) CMS PreI/m/nary 35.9fb" (13TeV)
§2] _"'I"'F""éu'a """""""""""" ] oy
§ 405 :EV\; ER? B ] 14 F pp — tH +1tH —— gbsef;’ejl"mltt((a ><E|;3:))
C wz Z, W*W*, tttt, VVV ] H --- Xpected IImit (o, x 1
- 355_ EConversions ::akes o E [ H—) WW/ZZ/TT i1pstandard dev.
301 Wi e = 120k =hy +2 standard dev.
————————— H - . [ \ : e oS X BR (kv =1.0)
251 E - A ___ ol % BR (ky = 1.0)
C ] 1.0 + 3 .
ooF + 3 _ . ' R otheo- « BR (ky = 1.0)
: S 1 QO :
C 1 £
15 & N e —] o
3 ] o
4 10— S, - N
- . b
5 :_ ‘ g _:
_ NN ‘
H P :
E ]
T 1k F= S it A J—f} . ~
o:—i— (K,_10)/SM Backg/SM = 00 br—— e ta
1 208-06 0402 0 02 04 06 08 1 -3 -2 - 0 ! 2 8
b kinMVA (tHq vs tf) Kt/ Ky
o Target tHq with all Higgs decays into e Select events with 2 same-sign leptons or 3
leptons in final state: H—=tr, H—= WW* and leptons + b-tagged jet and use BDT to
H—Z* separate signal and background for each
signal region
Sensitive to contributions from boson and
fermion couplings, allows to resolve sign in k. e Large backgrounds from ttV, non-prompt
+1 destructive / -1 constructive interference leptons and jets faking taus and ttH

Obs. (exp.) limit of Gtatr < 0.56 (0.24) pb at 95% C.L.

Limit of =1.25 < k:/ kv < +1.6 at 95% C.L. umversitétbonnl
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https://cds.cern.ch/record/2264553

i CI\/IS PAS HIG 17 016 :‘

1]

Search for tH, H—- bb

35.9fb ' (13TeV)

x10° CMS Preliminary 35.9 fb' (13 TeV) 12

—&— Observed

c T T 7 .
@ - 3-tag SR - t Data CMS Pre_//m/nary - Modian expected
N 2 15 . =-1.0 .tH ol PP— tH + ttH I 68 % expected
c — t — Py T
\\\ o ky =1.0 [LF ) H — bb iti /f)(Bpscz;ed 0
H L L N _ — === YfH v
B tt+cc T L .. atH ° % BR(ky =1.0) |
L B i-bb/b/2b < —.- o X BR (s = 1.0)
.tfH c
0 =’
t =
W- £
B misc :
¢ Stat.+syst. Cg
__200x tH S
(expected) »
B
a3
4 . i AR ey R S s RO St Wb
e ~0.4 -0.2 0 0.2 0.4
Kv SC-BDT response
b W- « Use one BDT to assign jets to objects in

all categories, second BDT to separate
signal and background for each signal
region, third BDT to separate tt+HF from
ti+LF in di-lepton category

* Target tHq and tHW with H— bb

o Select events with 3 b-tagged jets +
lepton (tHqg), 3 b-tagged jets + 2 leptons

(tHW) and 4 b-tagged jets + lepton to . . .
control tt background 8;2- C(De>l_<p.) imit Of o'tH+a1 < 89 (41)*osm at

e |arge backgrounds from tt+HF and tt+LF + Obs. (exp.) limit of st < 5.8 (2.9)*osm at

95% C.L. for inverted coupling scenario "
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Tau-Yukawa coupling

How?

» Search for di-tau events with additional jets (boosted ggF and VBF
production) or additional leptons (VH)

 Make use of all tau decay modes = leptonic and hadronic tau decays

Greatest challenges
 Efficient trigger for hadronic taus and light leptons at low pr

* Dominant backgrounds from Z—tt and jets faking taus
— good hadronic tau identification to reject fakes

e Neutrinos in the final state require advanced techniques for best di-tau
mass reconstruction
universitétbonnl
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| ATLAS-CONF-2018-21 |

e e

Observation of H— 1t

0.8 T T T T T T T T T T T T T T T T | T T T I _I

[pb]

' AL LA L B BB BN BN BN
ATLAS Preliminary Vs=13TeV, 36.1fb™

> ] —
& | ATLAS Preliminary %, ota20te+2016 | & - ey
—total —stat. —SM exp. total (stat., syst.) g | E;:’\T/;‘l’;t?gﬁ: beR - %.éi 06k ¥ Bestfit -
+1.38 077 4115 g) 10— [ Misidentified 7 —|  © i + SM
rhadrhad 2.49 1.17 (_0_74 ’_0_91) L 77 Uncertainty : - el
: 0.4_— —
ol 3.07 iy (105 2 5 ] -
] 0.2_— —
ol | | e 676 R (71,2 - S
_______________________________________________________________________ g 7 U -
N +1.06 ,+0.60 +0.87 ~ . - ATLAS Preliminary
mblnatlon ] ] ] ] |3.71 |_095| (_Oisg _?.74) § 05‘_| T R R R B R A |_: —02__@=13Te\/|, 361fb_|1 | | | |_-
0 2 4 6 8 10 12 14 16 18 20 50 100 150 200 ) 0 2 4 6 8 10
Oy, [PO] mMMC [GeV] o9 [pb
Use all combinations of hadronic and
leptonic T decays in 2 categories: VBF and YT
P cays J Obs. (exp.) significance of 4.40 (4.10)
boosted (mostly ggF)
e Combination with Run 1: obs.

Cut-based analysis using fit to my distribution

.) sign. of 6.4 4
iIn 13 signal regions (exp.) sign. of 6.40 (5.40)

Combined measurement of cross sections for

Largest backgrounds from Z+jets and from VBF and ggF production:

jets faking taus (IV+jets and multi-jet)

Estimate of Z—17 using Sherpa NLO ogoF = 3.0 £ 1.0 (stat.) ., 37° (syst.) pb

Largest uncertainties: data and MC statistics, over = 0.28 + 0.09 (stat.) £ 0.10 (syst.) pb

signal modelling and jets
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-021/

| Phys. Lett. B 779 (2018) 283

Observation pf H- Tt

35.9fb" (13 TeV)
CMS 7.7, Boosted 35.9 fo' (13 TeV

M P RO E SR s e e I EZZZ:CMIS‘I“I*I :
m- Sroemme T ) O 1
el e T S ;
S %1000:-83:;:"""“ R
e 109) > 800:— Bkg. unc. = 050 100 150 200 250 3007
5 B, @ eoo;— e Odetity (Ge¥) —
— e R T B R
° W oo 2005 P
0-I - I5I0I - I1(I)0I - I1é0I - I2(I)0I - I25I0I - I3-00
m., (GeV)
* All combinations of hadronic and leptonic tdecays  sowaerey
(except same flavour leptons) in 3 categories: 0-jet, | CMS '
VBF and boosted (mostly ggF) : -
. Use mr: + 7 decay mode, mjor pr* in 2D likelihood fit | T
* Obs. (exp.) significance of 4.90 (4.70) o s
' Combioed
 Combination with Run 1: u = 0.98 +0.18, |
obs. significance of 5.7¢ o R

Best fit u = O/O'SM

ulliveliodliLtalwviiiin
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http://dx.doi.org/10.1016/j.physletb.2018.02.004

CMS/! f CI\/IS PAS HIG 1 4
\ é | N— " -
- Search or VH, H—-tt
e 35.9 o™ (13 TeV) | _ 35907(13Tev) 35.9 fb™! (13 TeV)
(%5) 505—/9')"3 —$— Observed DWZ—>3I —E | CMS : * 18:_ CMS
g " _ W’:'Zﬂ N =§2: ::b.e =3:fln . _ - Preliminary soH sz 1 1'6;_ Preliminary
® - —— VH, H—>1t (u=2.5) Uncertainty . '
L% i qqH =113 ::25 1 1'42
WH a0 88 _ _
: ZH =l ] 08|
. I ] 0_6:_ 0 68%CL-Comb?ned, Hotr
g — R T B e i
g o o 0.25_ --+-- 9BZ°S/:fC“L-ggH+VBF, How
& -2 0 2 4 6 i ‘ Expected for 125 GeV SM Higgs
@ BeSt flt M = O/OSM OO-I I I0.I2I I I0!4I I IO.I6I I I0.|8I I I1I = I1!2I I I1!4I I I1.I6I I I1.|8I I I2
KV
e Target leptonic W and Z decays + H—tt
. . Measurement of uynw = 2.5 1.3, with
e Require 2 OS leptons + any combination Ly
obs. (exp) significance of 2.30 (1.00)
of 2 T decays (ZH) or 2 SS leptons +
hadronic ¢ (W, S .
(WH) « Combination with ggF and VBF:
R . . =1.2 + 0.3, with obs. (ex
e Likelihood fit to reconstructed my.in ZH Hhor = (exp)
. significance of 5.50 (4.80)
and muis In WH
.  Improved 2D scan of krvs. kv
 Largest backgrounds from di-boson and P .
fake taus "
universitatbonn

C. Grefe - Higgs couplings to fermions - LHCP2018


http://cds.cern.ch

Yukawa couplings

we are searching for:
muon, charm and exotica




Muon-Yukawa coupling

How?
e Clean final state with two isolated muons = search for ggF and VBF

* Search for bump over falling background shape
= fit background shape to data in sidebands

* Multivariate analysis to separate signal from background in events
with additional jets

Greatest challenges

* Large background from Drell-Yan
= requires excellent di-muon mass resolution, categorise events
by muon prresolution for optimal performance
universitétbonnl

C. Grefe - Higgs couplings to fermions - LHCP2018



‘4
{

categories (mj, P, |Anjl, ARy, etc.)
ATLAS

» All other events categorised in 6 ggk
Categones based on prx and |Anu|

BOT (p£-, Me, My, |Anj], No-jets €1C.)

\! _score and [An,|

C. Grefe nggs coupllngs to fermions - LHCP2018

Separate signal from background using

e Define 15 signal regions in slices of BDT

E ATLAS +Data  —ggF x 100 E ; ATLAS +Data —99':*100; é . CMS Profminary E|B$a Tﬁgﬂ
< (S=13TeV, 361 fo* LJDrell-Yan —VBF x 100 5 1°E |s—13Tev 36.1f" LJDrel-Yan —VBFx100g Otisst  ZH
£ MTop  —VHx100 i - ETop  —VHx100 7 ow  --WH
> . - , ] 10° TTX --W'H
T [[]piboson e []Diboson , BVVV aH
- ; © M
10° —‘_‘:|==‘ 3 10°
] s T
B ] 102 _|_|—|_L-|_
e E L
§ § .15 —— == _.__.__°__._=u=—:; 1 TSN NSSPEREEY St 1_
4 o S I Y
110 715 120 125 130 135 140 145 150 155 160 O'-%.Zz 0 02 04 06 08 3 O'” Or1'"5*'2““013““014""015“'“66'“-*0"'7"""O"f;""""gg"*’-‘]
m,, [GeV] BDT score ' ' - . . tranéforméd BDT
Loose event selection requiring two isolated OS muons and veto b-jets
Large background from Drell-Yan and smaller background from top quarks
* Signal and background described by analytical functions; fit to di-muon mass
dlstrlbutlon in all S|gnal reglons
el e | (//'
Use BDT to select events in 2 VBF | o

CMS

T 35910 (13 TeV)


https://cds.cern.ch/record/2292159
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.051802

Search for H—=uu

—
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EXPERIMENT K | |
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| Obs. (exp.) upper limit on u < 3.0 (3.1) at 95% C.L.

Best fit: u = 0. 7

Obs. (exp.) upper limit on u < 2.6 (2.1) at 95% C.L.

CMS preliminary 35.9 fb' (13 TeV)
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A@As Search for ZH, H— cc RN

EXPERIMENT

o S . 4| ATLAS Simulation 117° &
* Similar approach as search for VH, H—=bb g T ls=13Tev,ff TS s 10455
5 F eyl 0.4 @
* 1o0r 2 c-tagged jets and 2 leptons with 81<me,<101GeV § 035 &
0.3
* Recent major improvements in charm tagging allow this 0.25
measurement 0.2
0.15
* [argest background from Z + heavy flavour jets, other N 0.1
: 3 4567810 20 30
backgrounds from tf and di-boson b-jet rejection
% L L T L D B
- o - ST . O gt ATLAS * predt .
* Maximum likelihood fit to mec distribution in 4 signal 2 etsTenanin rien
regions based on Nejets and p¥ § 1L T = i
! aE 21 ;
— ZH(ct) (100xSM)
) ) ) ) ) 102 =
e [argest uncertainties: flavour tagging and data statistics :
10 3
* Measurement of irreducible background from ZV with a |
significance of 1.40 (2.20): uzv= 0.6, °° |
e Obs. (exp.) upper limit on prHee < 110 (150) at 95% C.L. § "°T%0 80 100 120 140 160 180 200
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. Search for LFV decays
. N\
— \\
‘\\ \\\ \ |
-1 -1
CooE o SsOmIeTe) g S59m(3Tey)
‘S 30FCMS —¢- Observed[ ] Z—1t S E CMS —- Observed [ ]Z—w -
B er,, 0 jet B Z—ee/uu [ ttt+jets ?) 70 E T, 0 jet B Z—ee/un [t t+jets E
T 25 [l Diboson [ ]W+jets,QCD c 60E- [ Diboson [ ]W+jets,QCD 3
() I SM Higgs =— H—et (B=20%) ) - [ SM Higgs = H—ut (B=20%) 3
> o = 50 - " 1Bkg. unc. -
L L 5 v g -
15 40F E
30 =
10 = 3
20F =
5 10F- =
00— =
0 ok . =
% 5 e e h e eh et e et ea et - % 15 e et b e e h e e h e a e e ee e ee e -
CR - ©
a 1+ —r—O——— e @O OO OO 7 1}—e -
Q I, - Q I, -
o 0° . . , . . o 0° . . . .
-0.6 -04 -0.2 0 0.2 -04 -0.2 0 0.2

BDT discriminator BDT discriminator
LFV Higgs decays not allowed in the SM, strong limits on H—eu
from low energy experiments

Similar final states as in H—tt: search for H= et and H—ut using
leptonic and hadronic tau decays + prompt lepton

Background from Z+jets and jets faking taus (/V/+jets and multi-jet)

Use BDTs to classity signal and background in 8 signal regions per
final state, depending on Nets

95% C.L. limits from likelihood fit are Brer < 0.61% and B < 0.25%

| arXiv:1712.07173 |

35.9fb" (13 TeV)
T T 17T T T T
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h—uz: BDT fit N
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l X Median expected
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=
x
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35.9fb" (13 TeV)
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h—et: BDT fit
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y
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Summary

* Observed ttH production and H—tt,
evidence for H—bb

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-06-03 17:27 UTC
* S0 far no deviations from the SM B 80

£ 9 — : e : . o l
observed S oS — e 7
'g 60}/ = | = 2015, 13 TeV, 4.2 b 160

. . £ 2016, 13 TeV, 40.8 b !
* H-puu seems in reach with full Run 2 &% —— 2017, 13TeV, 49.8 1" 150
aﬂd Run 3 data : aol == 2018, 13 TeV, 18.4 b~ |0
Q

® 30| 130
 New searches for tH production and £ 20
S 10f 110
H—- cc decays 5 :

0‘ 1 1
ST BN\ CABESRRC SPS & oY eC
A PO WP W AW 0T 6T 0T (w0 0

Date (UTC)

Thanks to the LHC for the fantastic performance!

Looking forward to precision measurements with more data
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Related talks at this conference

e June 4th
* 15:30 - Recent ATLAS results of the Higgs produced in association with top quarks - Jelena Jovicevic
* 15:45 - Recent CMS results of the Higgs produced in association with top quarks - Karim El Morabit
e June 5t
* 11:30 - Experimental results of the decay of the Higgs to b-quarks (ATLAS + CMS) - Andrew Stuart Bell
* 11:50 - Experimental results using the decay of the Higgs to taus and muons (ATLAS + CMS) - Mareike Meyer
* 12:05 - Higgs couplings, mass + width measurements (ATLAS + CMS) - Yanping Huang
e June 6t
* 12:00 - Searches for exotic and rare Higgs decays (ATLAS+CMS) - Andrew Haas

* 12:30 - Future projections in Higgs physics (ATLAS + CMS) - Eric Feng

universitétbonnl

C. Grefe - Higgs couplings to fermions - LHCP2018



