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Higgs-Top coupling

 Particularly large Yukawa coupling for
top

- |Yt| ~ 1.0
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— Run II : Evidence observed by CMS
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and other production cross sections
(H— yy and gg— H)

g

g t

—2

' ATLAS and CMS
"LHC Run 1

" =— 68% CL
I~ 95% CL
| 4 Bestfit

L Y% SMexpected

: DCombined [:l H—yy

[ JHszz [JHoww

" [JH-w H—sbb

C 1 1 I 1 1 L 1 | 1 1 L 1
0 0.5




Single Top + Higgs

* Higgs couples to W and Top

e Interference
A ~ (Kt — Kv)NS + Other Terms
— Fully destructive in SM

e Sensitive at Tree level to the Sign of
Yukawa coupling of Higgs and Top

tHW




CMS Run I Summary
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Cross sections @ 13 TeV

~4 times increase in the cross section from 8TeV — 13TeV

13 TeV

CMS simulation Preliminary
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CMS Run II results

\"’l! e
e tHq and tHW MC samples generated - ey
for a grid of K, and K, values @ LO 3 . R
- tHq : 4-flavor scheme Efo 3
- tHW : 5-flavor scheme . R =
* Cross sections calculated at NLO e s e
I . I|‘H’\Igl..{.,t|l'|ql
® eptOIllC decay Of the tOp il CMS simulation Preliminary
e CMS-HIG-16-019 : H—bb using L 1
2015 dataset (2.3 tb-1) ’ —
e CMS-HIG-17-005 : H—Leptons ki ]
using 2016 dataset (35.9 tb-1) T Memeoto ]

pr of Higgs boson (GeV)



Search for tH association
production in H—Dbb final state

using 2015 dataset (2.3 fb)



successful reconstruction rate

CMS Simulation Preliminary

Review of H—bb Analysis
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tHq reconstruction BDT response

CMS simulation Preliminary
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Results of the H—bb analysis

« Upper (expected) limit for the Inverted CMSPomnay 287 (13TeV)
Top Coupling set to 6.0 (6.4) é Pl o comerveaimn {10
. 0 : expected + 1 std. dev.
e Already improved w.r.t. Run-I I expected £ 2 1. dev.
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CMS Preliminary E-. e g
)]
Jet energy scale - f’? é
Q?scale - % il 01 T
b-tagging reweighting B - C_ID
tt+heavy norm. - $°
b-tagging reweighting LF - i 1 ‘ . . . . . 4 0.01
b-tagging reweighting C - Ml i it 0 1 2 3
Jet energy resolution - Kt
Luminosity -
PDZ ] °“1if”?:5v:o'? 20 oy szl_fiii:b o
PR e ; e

hy=+15

Lepton efficiency -

3
8
8

g g
e $
5 -~ 5 -
E & E g
Unclustered energy - o § 2 5
S 100 o ° g
g : g 2
Pileup - g g g g
F o
MC Unc. - 5 3
2 B
T T I I 1 2 i 0.01 3 1 0.01
-10% -5% +20% +40% L e R SEEEETES s = EraiE
Kt Kt

Impact on the asymptotic expected limit
Dominated systematics uncertainty : Jet Energy Scale




Search for tH association production
in H—MultiLepton final state using

2016 dataset (35.9 fb!)



Search in multilepton final state

e Target : Higgs decay to WW
— 3 leptons (e/p)

— 2 Same-sign leptons

 Higgs —77/tt are also selected

Selection :
| Same-sign ¢/ channel (yp/ep) (¢ channel
| No loose leptons with my, < 12 GeV
One or more b tagged jets
| One or more non-tagged jets
Exactly two tight same-sign leptons Exactly three tight leptons
pr > 25/15GeV pt > 25/15/15GeV

No lepton pair with |m;y — mz| < 15GeV
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Backgrounds

e ttV taken from simulation

e WZ : Constrained using a 31 (1lepton + Z) + 2jets
control region

el

. . Process €
— Loose b-jets are vetoed to ensure no overlap with st L N R e R iy
signal region HZ/tty 3280 +1.79| | 2589+ 1.12| | 64.82 £ 242
WZ 822+0.86| | 1507 £ 1.19 | | 2625 +1.57
77 1624£033| | 1.16+£029|| 2864045
* Non prompt backgrounds WEW=qq ~|| 396+052|| 6.99+069
. o , WEW=(DPS) || 248+042|| 417+054
— One lepton 1s produced inside a jet VVV 042+0.16| | 299+034|| 4.85+043
. B ttt 184 +044| | 232+045|| 4.06+057
— Loose-to-tight probability extracted from data tZq 3.92+£148( | 5774+224]| 1073 £3.03
. tZW 170+012| | 213+013|| 391+0.18
e QCD for leptons with p;>30 and Z+jet for low p leptons 7 conversions 7.43 +1.94 —| | 23.81 +6.04
_ Non-prompt 2561+ 1.06] | 80.94 & 2.02 | [135.34 £ 2.8
« As a function of p; and n of the lepton [Charge flips - — | 5820£030
. . . . Total Background | 106.05 + 345 [210.74  3.61 | [443.30 + 8.01
— Side band 1s defined by relaxing the lepton selection to || tH 1829+£041| [ 2418+ 048 | 3521 £ 058
1 tHq (SM) 0524002 | 143+£004|| 1924004
00SC tHW (SM) 0.62+003| | 071+003|| 1.11+004
- Total SM 12548 + 347/ [237.06 + 3.64 | [48154 + 8.03
° Charge ﬂlp backgrounds . tHq (kv = 1 = —xy) 748 +0.14| | 1848 £0.22 || 27.41 £0.27
tHW (ky = 1= —xy) | 7384016|| 7724017 | 11234020

Data 149 280 525

— Relevant in the same-sign channel

— Probability of charge mis-identification for electron :
0.02% - 0.4%

— For p is negligible
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Analysis strategy

e Train two BDTs in each channel to separate tHq from ttV and tt

ttH and tHW are more similar to ttV and are not used in the

training

Variables used for BDT training :
Related to forward jet activity

Leptons: kinematics and charge

Jet multiplicities
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Events
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Signal Extraction

* 10 categories are defined using the
output of two BDT’s

Optimized for each channel separately

 Fitting on the shape of the 1-d output
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Upper limit on

Results

o(pp—tH + ttH) X BR(H->WW + 11 + ZZ)

vs. K/K,

Assumption : K, = K_
Observed > Expected :

- Sign of ttH 8
o
Scenario Channel Obs. Limit 3
(pb) o
Kt/ey — 1 1.00
eu 0.84
1244 0.70
Combined 0.64
kt/xy =1 U 0.87
(SM-like) ey 0.59
1444 0.54
Combined 0.56

CMS Preliminary 35.9fb' (13 TeV)
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i : theo. i
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Summary

* Single-top + Higgs events help 1n
understanding the Higgs-Top coupling

 CMS has an extensive program to study it in
different decay channels

* Results for H—bb (2015) and
H—Multileptons presented

- Stay tuned for more results and
combination
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tHg/H - bb
Yields table

3 tag

4 tag

tt+LF 2119 £ 651 21.3 £+ 21.6
tt+cC 852 + 624 39 + 46
tt+b 324 +£203 18.7 £15.3
tt+bb 333 + 298 71 + 67
tt+2b 177 +£102 13.0£9.6
Single top 156 + 44 6.0+ 24
ttH 20.3 +£9.7 53+29
ttZ 94 +23 1.8 +1.7
ttW 8.0+25 04 +04
W-+jets 42 + 35 0.0 £0.0
Z+jets 10.2 £5.0 0.0 £0.0
Sum of Backgrounds 4051 £978 177 + 86
tHq (SM) 0.77 £0.21 0.12 £0.04
tHW (SM) 0.61 £0.09 0.09 £+ 0.02
tHq (ITC) 112+31 17+06
tHW (ITC) 6.7 + 1.0 1.1+0.3
Observed 3603 171




tHg/H - bb
Variables used to train BDT for jet assignment,
hypothesis

Variable Description

log m(H) Invariant mass of the reconstructed Higgs boson

log mit) Invariant mass of the reconstructed top quark

AR(Higgs jets) AR between the two jets from the Higgs boson decay
AR(b;, W) AR between the jet assigned to the b quark from the top

quark decay and the W boson

relative Hr Ratio of pr(H) + pr(t) + pr(recoil jet) to the scalar sum of
pr of all jets, charged lepton, and ET"*

cos O(t, £) Cosine of the angle between the top quark momentum
and the sum of momenta of top quark and charged lep-
ton, in their common rest frame

CSV(Higgs jet 2) Output of the CSVv2 b-tagging algorithm for the second
hardest jet assigned to the Higgs boson

CSV(by) Output of the C5Vv2 b-tagging algorithm for the jet as-
signed to the b quark from the top quark decay

|n7(recoil jet) — 5(by)| Absolute difference of pseudorapidities of the recoil jet
and of the b jet from the top quark decay

CSV(Higgs jet1) Output of the CSVv2 b-tagging algorithm for the hardest
jet assigned to the Higgs boson

|1(by) | Absolute pseudorapidity of the jet assigned to the b
quark of the top quark decay

|n(t) — n(H)| Absolute difference of pseudorapidities of reconstructed
top quark and the reconstructed Higgs boson

log min(p1(H jets)) Lower transverse momentum of the two jets assigned to
the Higgs boson decay products

|57(recoil jet) | Absolute pseudorapidity of the recoil jet

AE(recoil jet, by) Energy difference between the recoil jet and the jet as-

signed to the b quark from the top quark decay




tHg/H - bb )
Variables used to train BDT for jet assignment, tt hypothesis

Variable Description

log m(Wp,q) Invariant mass of the two jets assigned to the W boson of
thad

log (m(t},,4) - m(Wy,,4)) Difference between the invariant masses of reconstructed

thad and Wlwd

log m(tiep) Invariant mass of the reconstructed t;o,

CSV(Wy,q jet 1) CSVv2 output of the hardest jet assigned to Wy 4

&R{thEP,WIEP] AR between the b quark of the reconstructed tep and
Wiep

CSV(Wi.q jet 2) CSVv2 output of the second hardest jet assigned to Wiq

AR(Whagq jets) AR between the two jets assigned to the W boson of thag

relative Hy Ratio of pr(thad) + pr(tiep) to the scalar sum of pr of all
jets, charged lepton, and ET™*

AR(by, ,, Whad) AR between the b quark of the reconstructed t;,4 and
Whad

log pr(thaq) Transverse momentum of the reconstructed t;,.4

log pr(tiep) Transverse momentum of the reconstructed tiep
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tHg/H — bb

Variables used to train BDT tHg/tt separation

Variable Description

Variables independent of any reconstruction

aplanarity Aplanarity of the event

log m3 Invariant mass of three hardestjets in the event
Fox-Wolfram #1 First Fox-Wolfram moment of the event

q(£) Electric charge of the lepton

Variables based on objects reconstructed under the tt hypothesis

log mity,g) Invariant mass of tj.4

C5V(Wy,q jet 1) C5Vv2 output of the hardest jet assigned to
Whag

AR(Wy,q4 jets) AR between the twojets from the decay of Wi,y

C5V(Wy,q jet 2) CS5Vv2 output of the second hardest jet as-

signed to Wy, ,4

Variables based on objects reconstructed under the tHq hypothesis

|77(recoil jet) | Absolute pseudorapidity of the recoil jet

CSV(Higgs jet 2) C5Vv2 output of the second hardest jet as-
signed to the Higgs boson

CSV(Higgs jet1) C5Vv2 output of the hardest jet assigned to the
Higges boson

log pr(recoil jet) Transverse momentum of the recoil jet

log pr(Higgs) Transverse momentum of the Higgs boson

|7(Higgs)| Absolute pseudorapidity of the Higgs boson

cos B(t£) Cosine of the angle between the top quark mo-

mentum and the sum of top quark and charged
lepton, in their common rest frame
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tHg/H - bb
Limit detalls

Region Observed Limit Expected Limit
Median +1c +2c

° 3 tag 124.0 114.3 [73.6,184.4] [52.0,295.2]
5 4 tag 195.8 1746  [1129,287.4] [78.8, 464.4]
]

E Combination 113.7 98.6 [64.0,159.2] [45.3, 254.8]
g 3 tag 7.4 7.4 [4.9,11.6] [3.5,17.8]
§ 4 tag 9.2 10.0 [6.5, 16.3] [4.5,26.3]
#

= Combination 6.0 64  [42,101]  [3.0,157]
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