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Analysis ete~ — ZHH (HH—bbbb) @ 500 GeV

» for my=125 GeV without and with overlay, with £ = 2 ab! and P(e+e') = (0.3,-0.8)
» results presented at LCWS14: without overlay A\ = 53%
with overlay A\ = 58%
» 20% relative improvement possible by improving analysis methods
» results are presented for analysis without overlay
» last updates: phone meeting Oct.28th 2015, update by M. Kurata at LCWS2015
» — Kinematic fits and ISR treatment in context of heavy flavoured jets (semi-leptonic decays)
» — event-specific ISR treatment, allows working around issues with ISR consideration
» — semi-leptonic energy correction to correct for missing energy from neutrinos
— 17 UTHH — vvHH — qqHH

X

H H
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ZHH © 500 GeV - Kinematic Fitting in Analysis

slide from presentation at ALCW15 at KEK

» useful in current analysis strategy T 100 T T T -ZHH (Ilbbbb)
o N
mass distributions as input for = 80 » ZZH (llggH)

neural net training

— ZHH vs. ZZH/Z77 60
(same final state as signal)

40
» change analysis strategy 20
— test different fit hypotheses for
signal and backgrounds 0
0

—» use information obtained from fit (x?, P(x?))

— add to analysis (neural net input or cut)

preliminary results with kinematic fit applied to IIHH search mode (no overlay)

LCWS14 20% improvement in
IIHH mode due to
kinematic fitting!

ALCW15 3.0 3.2 1.320 0.990

4.4 6.8 1.430 1.180

Claude Fabienne Diirig | Higgs self-coupling at the ILC | ILD Analysis/Software Meeting, July 13th 2016 | 2/17




Kinematic Fitting - ISR Treatment

slide from presentation ILD phone meeting Oct. 28th 2015

so far: Z (Ei7 ﬁ) = (\/5, 6)
ISR and beamstrahlung in samples
5 (6.F) - (vi-e#7)

considering ISR in fit (ISRPhotonFitobject)

» works well for light jets
(diploma thesis M.Beckmann)
» in b/c jets Emiss due to v — special handling

300 350 400 450 500 |
evis [GeV]

ISR not considered in fit:
> energy assigned to jets (E, 3 conserved)

Problem: events with ISR

» larger fitted 4-momenta of jets
» bias to large masses

ISR considered in fit:

» certain amount of energy assigned to ISR

Problem: events without ISR
» "fake" ISR, energy missing to jets
» bias to small masses

Correct treatment of ISR in fit on events by events basis using ISR characteristics
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Kinematic Fitting - IHH (HH— bbbb) - Summary

slide from presentation ILD phone meeting Oct. 28th 2015

» change analysis strategy

— test different fit hypotheses for
signal and backgrounds

— use information obtained from fit (x2, P(x?))

20% improvement in IIHH mode due
to usage of xz in neural nets!

» mass distributions significantly improved

— optimised strategy for ISR treatment

further improvement by using new mass
reconstruction in neural nets expected

Special ISR treatment still necessary when
we correct Eniss from semi-leptonic b/c decays?

events / 2GeV

o
=

0.08

0.06

0.04

0.02

T T T T
ZHH (llbbbb)
combined M(H1)

evis =490 GeV
Icos(Bmiss)l = 0.89

ZHH before fit
ZHH after fit

1EI'>0 2(I)0
M(H1) [GeV]

50 100
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Impact of Semi-leptonic b/c Decays

slide from presentation ILD phone meeting Oct. 28th 2015

if lepton in jet, correct missing energy from neutrino: Ef;" =Ejet + Ev = Ejet + x-Eiep
Entries 654 Elep

[T Mean 0.5987 X = Em 2 E) < By = (* - 1) Eiep

[ lepton energy fraction Rrums 0.2278 ( lep + Ev ) X
60 %2/ ndf 26.83/34 1

[ i- i Constant 2422 £1.22 corr . -

r Sz;nlclleptonlc Mean  0.6479 = 0.0207 EjEI = Bjee + ((X) 1) Eiep
w0k ¢ decays Sigma  0.3068 = 0.0196 0

r Ax)\ 2 1

L 2 2 2

+ AEjet.x:orr = AEjet: + ( 2 EIep + (== EIep
20 <X>

L —_—

H track momentum resolution!
% oz o4 o6 o 1 plot: (x) = 0.65— Ej" = Ejer + 0.54Epp

E_lep/ (E_nu + E_| 2 2 2
—lep/ (E_nu +E_lep) Ax) = 031 = AEL ., = AEL, + (0.73Eie,)
jets without jets with corrected
leptons leptons distribution
90% 10% 10%
I T — ] > T T

0 Eiet - Equark 0 Ejet - Equark 0 Ejet - Equerk
Eauare Eouarc Equare
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Kinematic Fitting - IIHH - Semi-leptonic b/c Decays

slide from presentation ILD phone meeting Oct. 28th 2015

» add correction to kinematic fit o 50 before
w0 correcting
¥ plots correspond to fit with a 0. jet energies
E, P, soft Mz, and equal-mass constraints 0.
0.
¥ ISR not considered in fit o
0.
> jets without leptons 0.
0.
Ejet = Ejet 0 =
.
AEjer = /(0.568)?Eje; + (3.301)2 -60 -40 20 0 20 40 60 80

(og from PhD thesis B. Hermberg) (E Evis - 500) [GeV]

» jets with leptons ! éorar::{ing

corr = 8E : et energies|
Ejet = Bjet +- 0.54Ec, 7B for ser?ﬂ-
AEST = \/(0.568)2Es: + (3.301)2 + (07360 : SEEE R Iopioni

b/c decays

Improved P(xz) for events with Eiss
by compensating semi-leptonic

H00-80 -60 -40 20_0 20 40 60 80 ©
() Evis - 500) [GeV]
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Kinematic Fitting - IIHH - Semi-leptonic b/c

Correcting jet energies for semi-leptonic > 45 T T T
. -2 [ ZHH (llbbbb)
b/c decays enables automatic ISR 8 —— ISR not considered
s . o . . q ——— ISR considered
recognition in fit as for light jets - 1 _ semiTZS_SL,E’;,,m
® ISR not considered
c 0.8 —— semilep. b/c corrected
g ISR considered
lower mass cut on signal and ZZH /Z ° 06 F
g 25 . . . —3 0.4 —
= P 1 [
2 Bsesesereaciaosan s 02F
‘c 15F E o
5 0
(BN b:'”"e f‘?“ngl o 1R . 0 50 100 150 200
«  afterfiting w/ event-specific ISR strategy ~ 3
0.5} « after fiting w/ jet-energy correction M(H1 ) [GeV]
ok L L L L
60 80 100 120 140 100
M(H1) [GeV] E
R
. . 80
cut around diagonal for signal and ZZH/Z 1
o 25 T 60 3
3 ]
s, ]
£ Bovasoussors cocstatosoge ot™ 40 B
S 15F b
(2] « default settings wio ISR considered 20 ]
1} « atter fitting wi jet-energy correction E
« after fitting w/ event-specific ISR strategy [ ]
0.5 1 1 1 1 1 0 1 1
-3 -2 -1 0 1 2 3 0 20 40 60 80 5 100

2" /2
X2 [
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Analysis strategy ete™ — ZHH at /s = 500 GeV

Perform analysis for my = 125 GeV, assuming £ = 2 ab™ ! of data, and P(ete™) = (0.3,-0.8)

— I7ITHH s ywHH — qqHH
A H

+ &

v

H
Z — U, HH — bbbb Z — v, HH — bbbb Z — qq, HH — bbbb
(10% X 60% X 60% = 3.6%) (20% x 60% X 60% =2 7.2%) (70% x 60% X 60% = 25%)

Event selection:
@ isolated lepton selection or rejection
@ cluster particles into jets and get flavour tag information
© pair jets to form signal bosons (smallest x2)

@ each dominant background is suppressed by training a separate MVA

@ additional precuts before MVA training
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election - Lepton Channel

ZHH — IIHH analysis ZHH > lIHH analysis ZHH > IIHH analysis

ZHH — IHH analysis

> > - o
3 ILD preliminary © ILD preliminary K] ILD preliminary .;’Z‘: 18 ILD preliminary
] 5 - 50008V, 200" <Q so0q, 200" Q Vi = s0ev. 20015 S "
N Ple" o) = (:03,08) N ° P ) - (103,08) Ozz 4 5
@ P ) Db £
2 2 £ Qoo A 5
e 2 3 @bbagaq FS
F i [Dlivbag () Divobaa
1
1
50 100 150 200 50 100 150 200 0 5 100 150 08 1
M(H1) [GeV] M(H2) [GeV] missing pt [GeV] thrust
> select events w/ isolated lepton pair consistent with |[M;; — M(Z)| < 40 GeV
> pair jets to form signal bosons |M;; — M(H)| < 80 GeV
cebh uubb  evbbag  pvbbgg  Tvbbag  bbagqq bbb Ubbbb  llggH ~ Background  LHH (Ilbbbb)
expected events 2.84.107 4.95.10°  248-10° 246-10° 246-10°  6.24.10° 4.02-10" 69.51 150.87 1.73-10° 40.51 (14.3)

Nisotep >=2 6.4-10"£78  21.10"£37 1911 £22 226+£7 195459 255+£20 24+03 21.8+£01 135+05 88-10'+89  25240.07 (7.9)

thrust <0.9 603 +8 288 +4 341+9 46 +3 12415 3.7+£08 02+£01 115401 119+£04 1424 4£13  21.4+0.06 (7.7)

» isolated lepton tagger optimised for e/
— algorithm for hadronic 7 finder (less than 10% decay leptonically)
— allows selection of 77 H H and supression of Tvbbqq

— if similar final result as in ee H H and ppH H then possible 5% improvement of lepton channel
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Event Selection - Lepton Channel

. ZHH — IHH analysis ZHH — IIHH analysis ZHH — IIHH analysis
0 10 . . u © i . . : © . : T

=] ILD preliminary —IHH S 107 |1 preliminary —IHH S 10° E 1Lp preliminary —IHH

8 1 04 Vs = 500GeV, 2000 fb" .ZZH S s = 500GeV, 2000 fb™! .ZZH 8 s = 500GeV, 2000 fo™! -ZZH

@ Ple' ) = (+0.3,0.8) Dzzz o 10° | Pe'e)=(03-08) Ozzz > P(e’) = (+03-08) SZZZ 1
€ 10° . Diibb € E electron-type Qb € electron-type Ilbb 1
5 electron-type Dlbbbb 8 4l vp Dlbbbd S 10 P Dbbbb

3 102 [bbaqaq 3 r [bbaqaq F [@bbadqa

[Oivbbag [Oivbbag [Oivbbag

0.5 1

. 0.5 1
bdtg(llbb) bdtg(lv bbaa)

» split into electron and muon types

» combined BDTGs for both lepton types

— cuts optimised separately —=—
Vs b » BDTGs compared to MLPs 10% im-

— trained sequentially provement

> MC statistics issues > x2 distributions improve classifier out-
put by 5%

» masses w/o fit avoid correlations

» ~ 20% improvement in l[lHH

» more statistics needed (lvbbgq)

— lvbbgq: suppressed by preselection, large anyway
— relative error: 10% for evbbqq (5% need x8)
20% for purbbqq (5% need x30)
35% for Tvbbgq (5% need X 180)
> bdtg(llbbbb) trained using variables from kinfit

> x2 most important, M (H) w/o fit — no correlation
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Event Selection - Lepton Channel

ZHH — IIHH analysis
T

< T T T
Q ILD preliminary —IIHH
8 1 02 /s = 500GeV, 2000 fb”! WzzH
» P(e"€) = (+0.3,0.8) aZZZ
_tag i i € electron-type llbb
Flavour-tag information § 10 yp bbb
. - bb
— third largest b likelihood o alvb(::z?qq
— no effect on background suppression 1
10"
» flavour tag of signal 0 02 04 06 08 1

3rd largest b-likelihood

ZHH — lIHH analysis
10? T . T -

— at least one Higgs into other than bb
— H — WW, 77 at small values

l E E
— H — bb at large values = E ILD preliminary — IIHH (Iibbbb)
2 [ Vs=500Gev, 200067 K (IHWW) T
o 10 F PEe)=(03-08) -
2 E — IIHH (IlHer)
Leoton ch | strat » (9 b —IHH (IHgg) ]
epton channel strategy can provide
P gy p SR —IIHH (IlHce)

foundation for further investigations
of the other Higgs decays

2 "
0 0.2

04 06 08 1
3rd largest b-likelihood
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Event Selection - Neutrino

normalised

ZH; I bbbb)‘ i i E T ZHH — vvHH analysis
(W E
— ISR not considered ] Nx“ & ILD preliminary i
~— ISR considered L e 5= 50066V, 2000 5" B
— semilep. b/c cor. (no ISR) 2 5= stocmy 20t Dzzz
107 [r — semilep. blc cor. (ISR) E @ =103, Db
E S bbb
] 3 Mbaaag
] o Dvbbag
. . . i
0 0.2 0.4 0.6 0.8 1 » 80 -1 -0.5 0.5 1
POE,) e batg(vvbbbb)

» Niso = 0, bmax3>0.2, E;s requirement and known precuts

» BDTGs trained, cuts optimised separately

— bbbb vs ZH H (vvbbbb)

— lvbbgq vs ZHH (vvbbbb) (mainly Tvbbgq)

5 vubbbb vs ZH H (vvbbbb) (kinematic fit variables) = works like neutrino fit object
— px, py, pz, E from P i

» E and P constraint not possible

» developed Zinvisible fit object

» statistics quite okay — mass set to Mz

» Kinematic fits possible due to Zinvisible fit object!!!

— automatic ISR recognition not possible » Ngof = Nconstr. — Nunmeas.
— distortions in P(X2) » Z from vv — 6X unmeas.
— Epniss requires further developments for ISR treatment — fit X

. . . . » Zinvisible FO — 3 X unmeas.
» BDTGs in neutrino channel give 5% improvement

— fitv/

ESY
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Event Selection - Neutrino Channel

vwbh evbbgq  pvbbgq Tubbgq bbagqq bbb vobbbd  vvgqH — Background vvHH (vvbbbb)
expected events 2.73.10°  2.49.10° 2.46-10° 246-10°  6.24-10°  4.02-10" 96.83 447.0 1.68-10° 80.14 (28.5)
preselection 1614+10 1073+£16 979+15 2.5.10°£94 1799417 165611  56+03 75+£05 3.0.10°+£99  25720.1 (2L.5)
bdtg(bbbb)>0.94 TTET  621+13 56911 1.3.10° +69 84+4  17+09 23402 4904 15.10°+71  18.8+0.08 (17.1)
bdtg(lvbbgq)>0.67  18+3 40+3  62+4 716 £ 16 2842 707 10£01 22403 902417  13.3+0.07 (11.9)
bdtg(vrbbbb)>0.3 10+2 25+3 363 414+12 2742 5406 1£005 6+01 525+13  10.5+0.06 (9.5)
b3+ b4 > 1.08 0 0 0 2.5+0.9 0 2404 05+003 2401 T+1 5.6 +0.04 (5.5)

ZHH — vvHH analysis

» Large background after selection using BDTG

0 T T T
o imi —vvHH
— flavour tagging crucial o ILb pre"m'"ary‘ WzzH
<1 03 s = 500GeV, 2000 fb” D
— bmax3 + bmaz4d > 1.08 @ P(e'¢) = (+03,0.8) DZZbZb
- vV
— Tvbbqq suppressed by 99% % 102 [Dbbbb
3 [@bbaaaq
Ivbb
» |solated-lepton tagger optimised for e and p 10 Ohbbaq
— 7vbbgq hardy suppressed by isolated-lepton veto
— mainly Tvbbes — 7 and c affect flavour tagging 1
— less than 10% from leptonic T decays 107
— algorithm to identify hadronic 7 decays needed 0 0.5 1 1.5 2

bmax3 + bmax4
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Event Selection - Hadron Channel

» very challenging

— ZHH — 45 permutations

— difficulties to get correct permutation

— prone to errors from combinatorics

— b tag requirement supports XZ pairing and kinematic fit

— at least four jets with btag > 0.16

> very strict — ~ 15% of ZHH — qqbbbb events rejected
» more loose requirement would:

— more background could pass requirement

— more H — bb pass, degraded mass resolution

— relative gain in signal events lost in event selection

— since larger backgrounds need tighter cuts

—» tighter cuts 20% degradation

» same investigations as for IIHH
» Kinematic fit allows ISR treatment
» slight improvements with semi-leptonic energy correction

» dominated by mis-clustering

> in selection: split into two categories according to btag of Z

normalised / 2GeV

events / 0.05

o
o
=3

o
=}
=)

o
=]
=

o
=}
)

ZHH — qqHH analysis
T T T T
[” ILD preliminary — four btags >0.14 ]
s = 500GeV, 2000 fb”
P(e’.) = (+0.3,0.8) ~——— four btags > 0.16
L s s
50 100 150 200
M(H1) [GeV]
ZHH — qqHH analysis
T T ]
ILD preliminary e 1

s = 500GeV, 2000 fb
Plee) = (+0.3,0.8)

d —— e

e BB e HH— 0t

P

1 1.5 2
btag Z
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Event Selection - Hadron Channel

ZHH —~ qgHH analysis.

ZHH ~ qgHH analysis ZHH — qgHH analysis ZHH — qaHH analysis

2o B 0.08]

3 ILD preliminary 8 ILD preliminary ILD preliminary ILD preliminary

g signal E signal signal signal E
X 0.06 E

xg- @ background ‘,::_’ (@ background (B background £ @ background

0.04

o
3
S

0

100 150 200 250 300 0 00 150 200 250 300 0 50 100 150 2
M(t1) (tt) [GeV] M(t2) (tt) [GeV] M(W1) (t) [GeV]

100 150 200
M(W2) (tt) [GeV]

» Hadron channel event selection similar to previous channels
— bdtg(bbbb)
— bdtg(bbaqqq)
— bdtg(qqbbbb)

» limited statistics for t¢ — bbgqqq at the training stage of corresponding BDTG
— relative MC statistical error of 18% on bbuddu

» in bdtg(bbgqqq) and bdtg(qqbbbb) most important inputs are mass distributions
— tt — lv/bbggqq dominant in all three signal channels
— kinematic fits not investigated for ¢t
— x2 could improve BDTG output by ~ 5% as in lepton channel
— could enhance the significance of hadron channel by ~ 4%
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Event Selection - Summary

» MVA Classifier: 7= use of BDTGs gives 10% improvement in {{H H and 5% in vvHH

7 less sensitive to overtraining compared to MLP

= BDTGs are trained sequentially — MC statistics very limited (t¢ — bbgqqq/lvbbgq)

» Kinematic fit and semi-leptonic energy correction:
7+ boson masses crucial for background suppression
7 energy correction improved jet four-momenta and jet pairing
X2 from kinematic fit improves BDTG response by 5%

masses with fitting show enhanced separation power
i« correlations degrade X2 power in BDTG — masses w/o fitting used
7 future task: kinematic fit for ¢t backgrounds — could improve qqH H selection by 4%

» lsolated lepton tagging: 7 efficiency to select isolated lepton pairs 90%
7 veto efficiency for events with one isolated lepton 90%

** not optimised for 7 identification

7 7 — leptonically < 10% — algorithm to find hadronic T can improve selection
— by 5% in vvHH and qqgHH
— 77 H H do not pass iso. lep. requirement in I[{H H

— by 5% if included and results as in ee/puuHH

» Flavour tagging: 7+ optional in llH H — foundation for investigation of other Higgs decays channels

7 in vvH H crucial to reject background, especially Tvbbcs

v in qqH H used in jet pairing
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Analysis Results - No Overlay

Results without overlay

ZHH — I"ITHH | 3.9 £0.03 (2.6)
5.1+ 0.03 (2.8)

ZHH — viHH 5.6 + 0.04 (5.5) 1.500
ZHH — qgHH 8.5+ 0.1 (8.0) 1570
12.6 4 0.1 (10.9) 1550

. A
cross section: =ZZHH — 30.3%
OZHH

Higgs self-coupling: % =49.1%

— by including analysis improvements cross section is improved by 10%

— this results in 8% improvement of Ags

Results with overlay

ZHH — I7ITHH | 3.5+0.02 (24) | 10+08 | 1100 0.930
3.9 +0.03 (2.5) 74£04 | 1200 1070
ZHH — voHH 5.2+0.04 (51) | 8410 | 1570 1340
ZHH — qgHH 8.5+0.06 (8.0) | 23+14 | L6lo 1.460
6.8+0.06 (61) | 33+18 | 113 1.030

— degradation of 15%

oA
cross section: —2ZHH — 35 g9
TZHH

Higgs self-coupling: % = 58%

— results have to be taken with care, since modelling and understanding the overlay in ongoing

— more sophisticated tools needed
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BACKUP SLIDES
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Jet energy resolution on ZHH events

PhD Thesis B.Hermberg (Defence)

Jet parametrization and jet resolution:
« Hadronic jets are parametrized with E, 6, ¢
* Angular dependence is neglected

Determination of jet energy resolution:

* Comparing energy of primary quarks with jet
energy

« Splitting energy range in 25 slices

« Fitting each slice with gaussian in core area
determines o

* Non-gaussian tails are caused by semi-leptonic
decays

Consequences:

« For lower energies, jets are less collimated (jet
mis-clustering error is dominant)

* For higher energies, jets are stronger collimated
(smaller error in jet mis-clustering)
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Application of Kinematic Fits

» tool to improve jet energy and invariant mass resolution
» precise initial states at ILC are ideal for application of kinematic fits
» number of 4-vectors, representing final state particles, is fitted under constraints

E, P conservation
invariant mass: Mj; = X GeV,
M;; = My,
Mij = (X :|: Y) GeV
» variation of measured quantities — with respect to allowed uncertainties

— under condition that constraints are fulfilled

» minimise deviation between measured and fitted parameters by
x*=m—-2a)Cl(n—a) a

= vector of measured quantity

vector of varied quantity

N3

covariance matrix
» C! contains uncertainties of measured parameters
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Higgs Self-Coupling Analysis Strategy

Strategic difficulties:

» very small number of signal events

» irreducible diagrams: degrade self-coupling sensitivity

» flavour tagging and isolated lepton selection: high efficiency and purity
» Higgs mass reconstruction: misclustering, wrong jet pairing

» neural net training: separate neural nets, need large statistics

there are several key points for potential improvement in analysis
expect 20%* improvement of Higgs self-coupling precision

* with respect to Snowmass

One possibility is use of kinematic fits:

9 T T T 5
2 406 — ZHH (vvbbbb) |
» find right jet pairing g - ZZZ (vbbbb)
. . . = — ZZH (vwagH)
— improved jet/boson assignment e 0.08 1
» improved mass resolution ]
— clearer signal/background separation 0.02 h
» testing of fit hypothesis ]
— fit information for signal/background separation o X X 1
50 100 150 200

M(H1) [GeV]
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Fake Rate

BasicPID, pi+- with P > 3 GeV Entries 1956 dEdxPID, pi+- with P > 3 GeV Entries 1956
T T T T T T T T T T
2 100 2 100
80 80
60 P, 60
40 40 e
20 20
0 1 1 1 1 1 C 1 1 1
e mu pj K p e mu K p
ShowerPID, pi+ with P > 3 GeV Entries 1956 LikeliPID, pi+- with P >3 GeV Entries 1956
T T T T T T T T T T
2 100 2 100
80 80
60 60
_
40 40
20 20
ol— L T L L 0 L L — —
e mu - pj K P e mu - pj K P
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cheated leptons and mum

E after
of . ’
5 correctlng
a

t energies
for semi-
leptonic
.b/c decays

40 20 0 20 40 60
(2 Evis - 500) [GeV]

cheated leptons and p>3 GeV

- after
¢ correcting
et energies
- for semi-
leptonic

"

; R T o
00-80 -60 -40 -20_ 0 20 40 60 80
(> Evis - 500) [GeV]
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cheated leptons and mum cheated leptons and p>3 GeV

1

coooooo0oo0

o

150 200
mh1 (NoISR) [GeV]

150 200
mh1 (NoISR) [GeV]
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cheated leptons and mum cheated leptons and p>3 GeV

§160 - aﬂer %/ ndf 15.96 /10 §160 - % I ndf 15.96 /10
|-5140 - Constant 143+ 57 UCJ14O - after Constant 143+ 57
4‘:120 - Mean 0.000954 = 0.002246 %‘:120 - Mean 0.000954 + 0.002246
100 - Sigma  0.06481x 0.00219 100 - Sigma  0.06481+ 0.00219
80 F 80
60 F 60
40 F 40
20F 20
0 e o
0.8 -06 -04-02 0 02 04 06 08 0.8 -06 -04-02 0 02 04 0.6 08
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cheated leptons and mum cheated leptons and p>3 GeV

§ 3 after correcting jet energies _§ b after correcting jet energies
w” %15 + for semi-leptonic b/c decays w15 + for semi-leptonic b/c decays
X 3 £ F
g o A cheated leptons
ko [ B r p >3 GeV
< 0.05 0.05-
oF s i of ++ |
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Equark [GeV] Equark [GeV]

Claude Fabienne Diirig | Higgs self-coupling at the ILC | ILD Analysis/Software Meeting, July 13th 2016 | 26/17



cheated leptons and mum cheated leptons and p>3 GeV

° 1 F T T T T ] T 1 F T T T T =
[0 3 [0} 3
@ 3 2 3
(_éj —old (e1e1hh_l_noisr) p g —old (e1e1hh_l_noisr) p
I o . o .

8 1 0-1 L new (elethh_l_noisr) é 10-1 L new (el1e1hh_l_noisr)
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cheated leptons and mum

normalised

—old (etethh_l_isr)

— new (eethh_I_isr)

cheated leptons and p>3 GeV

normalised

—old (e1e1hh_L_isr)

—new (elelhh_I_isr)
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M. Beckmann LCWS 2010

Initial state radiation (ISR) and beamstrahlung

ISR-y
IP

ISR-v

e*e Pairs

ANV

O O

Py,
PN M,

Beamstrahlung

e Emitted mostly parallel to beam
e Missing energy and momentum
e Constraints incomplete = fit goes wrong
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Jet energy resolution on ZHH events

PhD Thesis B. Hermberg (Defence)
Comparison with Particle Flow Benchmarks:
* Particle Flow considersonly e'e-— u, d, s
« Total energy is taken and divided by 2 (no need for jet finding)
* Use of RMS90 (exclude long tails in energy distribution) = RMS90 is ~20%
smaller for a gaussian compared to o

« Jet energy resolution includes additional effects
(semi-leptonic decays, jet-misclustering)
— At ~200 GeV it gets comparable to Particle Flow

= 10 prrrrr T - -
= 4or T T T T 1 § { — Flow (ILD+PandoraPFA)
= L 421 ndt 7745114 ] Particle Flow (confusion term)
u C £0 5677 :0.4092 ] 8" Calorimeter Only (ILD) E
8 Wk :é 2001 = 05287 P 60% /\ E(GeV) ©20%
C 21414 ]
of i
1wk 3
E ] 2 .
0 L 1 L 1 1 ]
0 50 100 150 200 0 ~ - - -
Epvar [GEV] 0 100 200 300 400 500

) o ) ) ) ) 19/25
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Kinematic Fitting - IIHH - Semi-leptonic b/c Decays

remark: samples with standard DBD reconstruction — ParticlelD tools not included
following studies with cheated e/u, with p > 3 GeV

, goof o] B T —
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Kinematic Fitting - Semi-leptonic b/c Decays

cheated leptons + mum (400 < pdg < 600) cheated leptons and p > 3 GeV

©

cooooo0oo0o0o0

o

150 200 50 200
mh1 (ISR) [GeV] mh1 (ISR) [GeV]

identification of semi-leptonic b/c decays not an issue if leptons can be found

- even w/o impact parameter/ secondary vertex.

(in backup more plots for cheated leptons + cheated mum (400 < pdg < 600))
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Kinematic Fitting - Semi-leptonic b/c Decays

samples with standard DBD reconstruction — ParticlelD tools not included
shown studies with cheated e/, with p > 3 GeV
benefit from new ParticlelD tools in new reconstruction to get best result
electrons muons
—————————————
— dEGXPID, electrons with P>3GeV  cuies 150 BasicPID, muons with P > 3 GeV' Enties 216 dEdxPID, muons with P >3 GeV' Entres 216
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