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Why Top+Higgs?

» Direct measurement of top-Higgs coupling (Ct):

» SM: Ct~1 special role of the top in EWSB mechanism? Why so heavy?

- BSM: t+H present as final state of many new physics scenarios

| 2 production mechanism @ LHC

Pair production ttH Single top production tHq

sensitive to Ct magnitude sensitive to Ct sign

o(ttH)«|Ci*=130 fb O (tHQ)«|Cuve Mot Crtito|? = 18 b

g

Francesco Micheli Sapienza Universita di Roma-INFN Roma |



- H — hadrons
- t1tH, H— bb, thth
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- 1tH, H— bb with Matrix Element Method

HIG-12-035 / HIG-13-019

H — leptons o
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. ttH, H = WW, ZZ, t1th

HIG-13-020
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H > photons
- ttH, H = yy
< tHo, H = vy

\

~
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CERN-PH-EP-2014-117
(HIG-13-015)

Low rate, H fully recongtructed
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- Different techniques for ttH analysis but common strategy:

- Categorization depending on #Jets and #b-jets for best sensitivity
(S/B increases requiring high number of (b-)jets)

. ttH channels combined to measure pttH = Otr/OtHSM HIG-14-009
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ttH, H — hadrons

H decay tt decay selection #sig and sig/bkg
bb | semileptonic 1 e/p, =4 jets (=2b-jets) #sig~90 sig/bkg~0.004
bb dileptonic 2 e/p, =3 jets (=2b-jets) #sig~30 sig/bkg~0.002

ThTh | semileptonic 1 e/y, 21, =4jets (1-2 b-jets) #sig~2 sig/bkg~0.003

- MC (Madgraph) modeling of background:

_CMS Preliminary  Js =8 TeV, L = 19.5 fb’
Dilepton + =3 jets + =3 b-tags

- tt+jets: reducible (tt+LF), irreducible (tt+HF) Emf
| x 30

- BDT to separate ttH from tt+jets:

- Input variables related to objects kinematics and b-tag

- Fit to BDT output to extract #sig and #bkg "

Fit 20

it =1
I'lttH (bb)~ O7i1 8 .tf+lf .tf+cE .ti+b.tf+b5 % 2 o
W singet  t+wz [ Ewk [/ Bkg. Unc. 8

ttH (TT)~ -1.3+£4.8 & 908 06 04 02 0 02 04 06 08
H ( ) —~4- Data ttH(125) x 30 BDT ontput
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ttH, H —= bbb with MEM

- Analytical Matrix Element Method for S/B separation:

- tt+ bb irreducible but:
- Different diagrams means different kinematics

- Theoretical model + Experimental information = probability for ttH or ttblb hypothesis

. CMS Preliminary Vs=8 TeV, L=19.5 fb
- Pb/]
§ <0.15 >o.1|5 SL Cat-1 (H)
w 40:_ -¢- Data ] ttH (125)
- ./1Bkg. Unc. Bt + If
35 —ttH (125)x 10 EM i + cT
Bli+b
30; Bl i + bb
B Single top
25
20
10
« 30% improvement wrt to standard ttH(— bb) 5
00 01 02 03 04 05 06 07 08 09 1

uitH ~ 0.7£1.4 //E zﬁ —4+

Ps/b=prob(ttH)/prob(ttbb) —
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ttH, H — leptons

2 same sign Ieptons 3 leptons 4 leptons
>4 jets (=1b-jet) >2 jets (=1b-jet) >2 jets (=1b-jet)

- Targeting different H decays (WW, ZZ,TT) with >=1 lepton from tt decays

Francesco Micheli Sapienza Universita di Roma-INFN Roma |



Results

- Lepton charge correlations and kinematic variables to improve sensitivity

- Main backgrounds: reducible: tt with fake leptons (from b-jets) irreducible: tt+2/W

 Suppression of tt+jets = Dedicated lepton MVA ID minimizing fakes
- BDT with kinematic variables
- Signal extraction:

- 2¢, 3¢ fit to BDT distribution, 4¢: just Njet distribution (yields are too low for BDT)

CMS Preliminary, u*u* channel Vs=8TeV,L=19.6fo'
e L L B T

7)) rrrrr T CMS Preliminary, e*u* channel Vs=8TeV,L=19.61fb" CMS Preliminary, 3| channel Vs=8TeV,L=19.61fb"
"E 25__ 'Data _— ..U_'> 7‘ ;E;a{a‘ LI L UL L T T L ﬂ T TT L T T T T T T l'iD\at\al L
() L { 4 [ I - < ;
o - =::VHV “' + + 41 9 250 miw | + 4 o 35¢ ) WtH
- . = - |[Etw . L | Eiw u
- EttZ/y ﬂ T M o 1 w oz e— ﬂ — ju s0b mtzht |
20 |EHwz ] [ |Etty _] C [ty N
[ |EOthers ] 20 C mwz ] C mwz 7
| |CJFakes u—— i - | others 7 25 ‘ Mothers [
- . Z N N | Fakgs i C [JFakes ]
| V4 \_.» i 15 - I QFlip 3 r N
B / / ¥ i ] ]
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BDT output BDT output BDT output

Mild excess in gy channel HitH ~ 3.9+1.5

Francesco Micheli Sapienza Universita di Roma-INFN Roma |



ttH, H = yy

- Limited by statistic BR(H—yy)~2%. BUT clear signature:

- Two energetic photons

- Narrow Higgs peak over continuum bkg spectrum
— data driven background estimation

- New: now using MVA H—yy photon ID

2 event categories (only 1cat @7 TeV):

- Leptonic/Multijet targeting different tt
decays (>=1 lepton or no leptons)
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Cuts

ttH leptonic

pT(y1)>myy/2
>=1lepton, 2jets(>=1btag)

ttH muiltijet

pT(y1)>myy/2
5jets(>=1btag)

19.7 b7 (8 TeV) + 5.1 b (7 TeV)

> 10
g - CMS 8 TeV ttH lepton tag
~ 8r ¢ Data
« ——  S+B fit
c || TTe———— B component
G>) 6 = +10
LLI """ +20
4
2 I
O ievvrwr """v Ll "" L, _
100 120 140 160 180
m.., (GeV)
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Results

‘Event categories pure in ttH production:

«<5% contamination from other production mechanisms

Events (window of 5 GeV around mH for 20 fb-1@8 TeV)

Leptonic: sig (exp)~0.5

Bkg ~ 1 Data=2

Multijet: sig(exp)~0.6 Bkg ~ 3 Data =6

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

¥ S+B fit to data

v

UitH ~ 2.7 +2.1

- CMS 8 TeV ttH multijet tag
8 T E————— ¢ Data
t I — s+Biit
I '_; .< e B component
6 B +10
...... 120
4 -
2
b (000 ,)“ ‘
o P LTI AARTRRRTRRRRRMARI
100 120 140 160
m,., (GeV)
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Combination of all ttH channels

Channel uiH @ 125 GeV | [68% uw+ intervall
H—bb 0.7 -1.1,2.4
H—thadthad -1.3 -4.9,7.4]
H—leptons 3.9 2.5,5.0]
H—ryy 2.0 1.0,5.1]
ttH combination 2.76 [1.84,3.81]

» Combining all channels:

. Best fit value pin=0/0su=2.76 055

 Excess above bkg-only expectations at ~3 o level

» Compatible with SM expectation (u=1) at 2o level
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tHg In dlphoton decay channel

pt(y1)>0.4myy

| Only leptonic decays of
W considered (=1¢e/u)

>=1 b—jet
« |f Ct x Cw=-1— constructive interference

CMS Preliminary, L=19.7 fb™" at /s =8 TeV

— increase of o x BR by a factor 34 S T
0] 0.5:_ Data b

+ ttH rejection using likelihood discriminator = _ tEHf“:H(;“ ;
(object kinematics) g O I+ (125 E
H 0.33_ I VH (125) B

- /ERQO events observed (~1 expected for Ct=-1): : :
0.2F . -

+ Can exclude 4.1 times xsec expected for Ct=-1 : ;
0.1 o

- New physics can play a different role in ttH and tH - L

production 000110 120 130 140 150 160 170 180
Diphoton Mass [GeV]
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Conclusions

* UttH presents an excess:

. /lttHzO'/O'SM=2.76+-g)'.88

- We can still get some information from Run1 data:
* New result using Matrix Element for ttH, H — bb
* No sign yet of exotic physics:
- tH(—yy)g was studied, adding more decay channels

 Looking forward 13 TeV data:

- Can achieve 10% precision on top-Higgs coupling with full Run2 data
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Backup
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cvenis

Data/MC

Data/MC

tt

CMS Preliminary [s=8TeV,L=19.5fb"

10*

10°

102

10

Lepton + =4 jets + =2 b-tags

. 5 6 7 8 s 10
Number of jets

| ttH semileptonic |

CMS Preliminary  (s=8TeV, L= 19.& fhl

H—bb distributions

CMS Preliminary [s=8TeV,L=19.5fb"

Data/MC

2 3 4 5 6
Number of jets

CMS Preliminary s=8TeV,L=19.51b"

10°
10°
10°
10°
102

10

Lepton + =4 jets + =2 b-tags

|_ttH semileptonic |

il

2 3 . 5
Number of b-tags
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tt+w,2z

— ttH(125) x 30

7 Dilepton + =2 jets + =2 b-tags _ _

10° .tt+lf -tt+c6
" | ttH dileptonic | . Single t
10° —+— Data
102
10

)

=

3

a

2 3 4
Number of b-tags
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ttH, H—bb yields

Francesco Micheli
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ttH semileptonic
>6 jets 4 jets 5 jets >6 jets 4 jets 5 jets >6 jets
2 b-tags 3 b-tags 3 b-tags 3 b-tags 4b-tags | >4 b-tags | >4 b-tags
ttH (125) 33.4 + 8.1 140+30 [ 211+45 [ 231+55 | 1.8+05 | 52+14 | 83+23
Bial; 7650 £ 2000 | 4710 £ 820 | 2610 £ 530 | 1260 £ 340 | 74 £ 30 79 T 32 7T £ 36
tt+b 530 =+ 300 350 £190 | 3604200 | 2804160 | 21412 29 417 33 + 20
tt + bb 220 =+ 120 99 4 52 158485 | 2004+110 | 131+7.3 | 38421 78 + 47
tt + cc 1710 £ 1110 | 440£230 | 5204290 | 470+£280 | 19+ 11 324+ 18 52 + 31
Y 99 + 27 162+38 | 239457 | 288+74 | 1.14+04 | 25407 | 58+1.8
Single t 264 + 54 235 + 41 116 + 22 55 + 14 34+16 | 103+53 | 73+3.1
V+jets 160 4 110 122 495 44 + 38 29 4 27 21+24 | 19+17 | 12+13
| Diboson 59416 6.3+ 1.4 24407 | 10+04 | 03+02 | 01401 | 0240.1
Total bkg | 10630 2790 | 5970 + 1060 | 3830 £790 | 2310 £ 620 | 133 +44 | 193462 | 249 4+ 90 J
| Data 10724 5667 3983 7476 127 219 | 260 |
| l
ttH dileptonic HtHH- 77
3 jets + 2 b-tags | >4 jets + 2 b-tags | >3 b-tags |
tEH1(}25) m?.7 {14 16.1 £ 3.1 11.2 £25 2 jets 3jets >djets 2jets 3iets Sdjets
Rian /36U = 1U6U 015U = 68U 207 T 69 - 1b-tag | 1b-tag 1b-tag | 2b-tags | 2b-tags | 2b-tags
tt+b 189 + 97 172 + 93 149 + 82 fH(125) | 04+£01 | 06+£01 |06+02|01+00]02+01] 04+£01
tt + bb 38 £ 20 58 + 31 80 £ 44 Tt 225169 | 119138 | 64122 | 8L I> | 38X 12 | 2Z/0L 9.1
tt + cc 480 == 260 510 £ 300 147 £ 79 ttV 11403 | 13403 | 144+04|04+01|06+02 | 1.1+£03
TtV 302 + 6.3 54 + 12 119 4+ 2.9 Singlet | 112440 | 3.0+14 | 11+£10 | 19411 [ 09406 | 0.6 0.7
: V+ets 33+17 | 11.7+68 | 3.84+28 | 14409 | 04+03 | 05+06
?;n.glte t 325209f13350 1957111666 1Zb3f253'1  Dibeson | 09502 | 07202 | 01+00 ] 00500 |01 400 | 01401
Hjets Totalbkg | 271 £82 | 135+41 | 71+24 | 52+16 | 40+12 | 292+ 94
i leoson 104 + 1.7 31 + 0.6 0.71+04 1 Data 292 -~ 171 99— 4T 48— —35"
| Total bkg 8770 4+ 1250 4230 + 850 740 4 190
| Data 9060 1616 778




Systematics of ttH, H—blb overview

Uncertainties of the sum of tt+f, tt+b, tt + bb, and tt + cc events with > 6 jets and > 4 b-tags

Source Rate Shape?

QCD Scale (all tt+hf) 35% No

QCD Scale (tt + bb) 17% No

b-Tag bottom-flavor contamination 17% Yes

QCD Scale (tt + c¢) 11% No .

Jet Energy Scale 11% Yes Large uncertainty on tt+HF: ~50%
b-Tag light-flavor contamination 9.6% Yes

b-Tag bottom-flavor statistics (linear) 9.1% Yes

QCD Scale (tt+b) 7.1% No

Madgraph Q* Scale (tf + bb) 6.8% Jes tt+LF: lower uncertainties, data-
b-Tag Charm uncertainty (quadratic) 6.7% Yes . . ’
Top pt Correction 6.7% Yes driven corrections

b-Tag bottom-flavor statistics (quadratic) 6.4% Yes

b-Tag light-flavor statistics (linear) 6.4% Yes

Madgraph Q? Scale (tt + 2 partons) 4.8% Yes

b-Tag light-flavor statistics (quadratic) 4.8% Yes

Luminosity 4.4%

Madgraph Q? Scale (tt + cc) 4.3%

Madgraph Q? Scale (tt+Db) 2.6%

QCD Scale (tt) 3%

pdf (g9) 2.6%

Jet Energy Resolution 1.5%

Lepton ID/Trigger efficiency 1.4%

Pileup 1%

b-Tag Charm uncertainty (linear) 0.6%
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BDT input variables H—=bb
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31 |CMS,

The kinematic of the leptons
in the events does not show
anomalies and is compatible
with that of signal or ttV
events

Jets and E{™iss are more
compatible with signal or ttV.

The multeplicity of b-tags is
also signal-like (while the
reducible background has
more often only 1 b-tag since
the other b-jet is misidentified
as a lepton)




ttH, H— uu excess

32 |CMS,
'\

Ys=8TeV,L=19.6fb °

30 __ #Data ]
L Wt i

Events

C Ew 7
250 oy |
C [COthers | ]

[JFakes

- The events in excess are characterized by having :
both leptons very well isolated. 150 :

 Scrutiny of the events also confirms that both “’;
leptons are well reconstructed in the trackerand 7

muon system, and that their charge is correctly £ 5
assigned g
o o 0 ‘ I ' I I ‘
« The analysis was also repeated using a looser T orstiepRelso
Working pOil‘lt of the Iepton MVA [both muons pass loose MVA WP]
o . . A
- the excess is visible only when both /~ both muons{ pass the \ /~ atleast orle muon fails
leptons pass the tight MVA wp tight MVA WP tight MVA WP
. therest of the sampleis well described | & =& T e
by the background model + E
. The analysis was also repeated with a JF oL :
cut-based muon selection. The result is s ——:i —
compatible with the nominal one but the | ¢ %+++E g §——
sensitivity is worse & E— = |8 i e
k -0.8 -06 -04 -0. 0 . BODT Ooftpl?fy k -0.8 -06 -04 -0. 0 O BDT OOStpUO&




&

- A more general fit is performed:

« leaving unconstrained the yields of ttW, ttZ, and
reducible background (for fake e, i separately)

» including additional control regions in the fit:
trilepton events with one Z candidate (mostly
ttZ), and dilepton events with 3 jets (ttW & red.

bkg.)

 Results compatible with the nominal ones (but
~20% worse sensitivity)

- All backgrounds yields remain within 16 from
their input value: no indication of issues with

ttW & ttZ

« results for ttH and ttW are correlated, all the
others are well resolved

ttH, H— uu excess

Irreducible bkg check

33

C
'\

—
==,

\\
<\
vl

parameter expected, observed
u(ttH) 10,72 28178
(W) | L0gs  Ldgg
u(tZ) U B
plfakep) | 10553 0.7
u(fakee) | 1.0703 0.9703
ous Promnary JRSELTS

\s=8Te
A




CMS ttH Analysis Comparison to ATLAS

** For the ttH, H->bb analysis in the lepton+jets channel, the ATLAS limits are better than the
baseline CMS analysis:

<> CMS baseline expected limit = 4.8, observed = 5.0

<> ATLAS expected limit = 3.1, observed = 4.2

4

L)

» Several differences between the two approaches, some large, some small.

* Most prominently, ATLAS analysis has...

<> Increased signal and background acceptance due to object definitions and selections

<~ Different background composition in selected events due to different b-tag
performance

<> Incorporated additional background-rich categories
<> Employed more accurate NLO modeling for ttH signal

*%* CMS has studied the effects which are immediately available to incorporate:
<~ ~20% improvement in unblinded limit when lowering jet/lepton pT thresholds
<> ~10% improvement in unblinded limit when incorporating additional categories

< In fully-blinded assessment, these changes would not have been significant for the
CMS baseline analysis, small % improvement
<> NLO signal model shows higher acceptance in most sensitive categories
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* Overall, no single aspect of the analysis differences cause the difference in performance
** No simple explanation — a collection of analysis optimizations
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CMS ttH Analysis Comparison to ATLAS
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** Details on the differences:
<> Object definition/selection:
o Leptons:
o ATLAS: pT>25, |n| <2.5foreand pu
o CMS: pT>30, |n| <2.5(2.1) for e (u)
o lJets:
o ATLAS: pT>25, |n| < 2.5, cone of 0.4
o CMS: pT > 40,40,40,30, |n| < 2.4, cone of 0.5
o b-tagging:
o ATLAS has ~50% lower mistag rate at equivalent b-jet efficiency
<~ Event Categorization
o ATLAS includes background-dominated 4jet,2tag and 5jet,2tag categories, using a
one-dimensional signal discriminant (H;)
<> Signal Discriminant:
<> ATLAS uses ANN, CMS uses BDT (do not expect one to be superior if well trained)
<> MC generators:
<> ttH signal: ATLAS uses NLO HELAC+OnelLoop+Powheg, CMS uses LO Pythia
< tt+jets: ATLAS uses POWHEG for ttbar plus 1 additional parton, CMS uses
MadGraph for ttbar with up to 3 additional partons
<> Luminosity:
<> ATLAS has ~5% more luminosity than CMS
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All channels coupling measurement

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)

19.7 b (8 T A fb' (7 Tev
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