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Outline

Motivation
» BSM search using Higgs—invisible at ILC
> Kinematic fit

Evaluate jet energy resolution
ILD model: large/small

» check jet energy & cos @ dependence

also evaluate jet angle resolution — apply to kinematic fit

Kinematic fit
fit variables : Ej17 (9]'17 ¢j17 Ejg, ng, ¢j2
constraint: m,; =mz = 91.2 GeV
use MarlinKinfit - fitter engine : OPALFitter
apply jet energy/angle resolution
» check effect & accuracy of fit

Improve analysis performance

2018/5/8 Study of Higgs->invisible using kinematic fit



Outline

Motivation
» BSM search using Higgs—invisible at ILC
> Kinematic fit

Evaluate jet energy resolution
ILD model: large/small

» check jet energy & cos @ dependence

also evaluate jet angle resolution — apply to kinematic fit

Kinematic fit
fit variables : Ej17 (9]'17 ¢j17 Ejg, ng, ¢j2
constraint: m,; =mz = 91.2 GeV
use MarlinKinfit - fitter engine : OPALFitter
apply jet energy/angle resolution
» check effect & accuracy of fit

Improve analysis performance

2018/5/8 Study of Higgs->invisible using kinematic fit



Motivation

®|n SM, Higgs decays invisibly through
H - Z7Z* - 4v (BR(H - inv.)~0.1%)

o|f BR(H — inv.) exceeds SM prediction
It signifies new physics beyond SM (BSM)

®\We estimate upper limit of BR(H - inv.) in SM

eCompare results in ILC between
(P,-,P,+) = {(—=0.8,+0.3), (+0.8,—0.3)}

Previous study(a. ishikawa)
(95% CL, 250fb 1)
left pol. : right pol.

0.95% : 0.69%
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> A. Ishikawa (Tohoku Univ.),
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"Search for Invisible Higgs Decays at the ILC” LCWS2014@Belgrade
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Higgs—invisible

Signal

(invisible )
v 2jet & missing E

VMgq = Mz : BR(Z - qq)~70%
' Myecoit = Myiggs

v's channel process

et v e’ v e’ Ve
Z
v 7 W l W+ 7 q
q W q W= q
Z
e q e q e Ve
ZZ semi-leptonic WW semi-leptonic v v Z semi-leptonic
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Higgs—>invisible
Analysis Setup

e Simulation
- |[LCSoft: vO1-19-05
- Samples: DBD sample + Signal sample (e*te™ - qqH,H - ZZ* - 4v )
- Detector: ILD full simulation (ILD_o1_vO0b) N eft” “Right
°+/s =250 GeV, [Ldt =250 fb', (P,-,P,+) = (—0.8,+0.3), (+0.8,—0.3)

oFlow of analysis
1. Particle flow reconstruction (PandoraPFA)
7. |solated lepton finder (veto)
3. Durham jet finder (forced 2 jets)
4.
5. Event selection
> Optimized assuming signal BR(H—invisible) = 10%
6. Estimate upper limit of BR (95% CL)

n
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15t result significance = _ N
i i V Ns + Nb
Recoil mass dist. [Ecm = 250 GeV, 250 fbo! BR(H->inv.)=10%]

Cut:~No.8 Pol:-1 Lumi:250 fb™ I_eft Cut:~No.8 Pol:1 Lumi:250 fb™ R I g ht
L DL L LA DL rrr [ rrr et L

] > 800 .
- O] i
] D i
1 o600 ]
] N ]
1 @ 400 .
- [ T
] o i
3 11 200 -
0 O i 1.
100 110 120 130 140 1_50 160 100 110 120 130 140 1_50 160
significance: 155  Mrecoil [GeV] significance: 19.7 Mrecail [GeV]
UL = 0.73% UL = 0.52%
MVA input -—-—
variables Isolated lepton veto 5 80 < di-jet invariant mass < 100
di?;a;csigv. po?:reajﬁgle 2 Loose Cut (Ptz,Mz,Mrecoil) 6 | di-jet polar angle |< 0.9
di-jet polar  another jet 3 #pfo >15 & #all_track>6 & 7 100 < recoil mass < 160
angle polar angle # track_in_one_jet > 1
TMVA v-4.2.0 4 20 GeV <di-jet Pt<80 GeV 8 BDT cut
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1st. result N,

| | signi ficance = \/ﬁ
Recoil mass dist. [Ecm = 250 GeV, 250 fbo! BR(H->inv.)=10%]

Cut:~No.8 Pol:-1 Lumi:250 fb™ I_eft Cut:~No.8 Pol:1 Lumi:250 fb™ R I g ht
T R B T LA IR BRI B

2500 _: signal ggH, H—Inv. :
> . > 4
©2000 4 3 :
) ] D i
o ] -] -]
1500 1 3 :
n ] @ ]
£1000 1 € ]
(O] . o ]
> ] > 7
W 500 3 1 .

900 110 120 130

significance: 15.5
UL = 0.73%

130 140 150 160

significance: 19.7 Mrecoil [GeV]
UL = 0.52%

Cut

5 80 < di-jet invariant mass < 100

[solated lepton veto

di'rﬁ;[sigv' po?:r R 2 Loose Cut (Ptz,Mz,Mrecoil) 6 | di-jet polar angle |< 0.9
di-jet polar  another jet 3 #pfo >15 & #all_track>6 & 7 100 < recoil mass < 160
angle polar angle # track_in_one_jet > 1
TMVA v-4.2.0 4 20 GeV <di-jet Pt<80 GeV 8 BDT cut
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Kinematic fit
Principle of kinematic fit

seek minimum of x2(7, &, X)
under kinematic constraints

X%(ﬁa aX)ZXZ(ﬁ)_FFC(_; 9 )

: measured values (N)

: fit parameters (N)
: unmeasured parameters (J )

: Lagrange multipliers (K)

- — — — —

FC’(ﬁaga)\) :2)‘T ) f(ﬁvf)

Gnethod of Lagrange multiplie@

: constraint functions (K)
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: covariance matrix (N x N)

10\ - Ofk Solution
2 (%f =V (n; —yj) + a—n)\k =0
, Gi=1,..,N

1 3)(% d [k A\ 0 (Z ) Starting

1 2 - k= , point /. 0
2 8€; agz (Z — b J) Constraint
laXT = ;=0 contours

L 20N (i=1,.,K) Y2/

In this study, we need error information of

Ej179j17¢j17Ej279j27¢j2 I N1 M
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OConcept of detector system at ILC
 high-performance vertex detector
* high-resolution trackers
* high-granularity calorimeters etc.

COMain request

»Reconstruct all the particles,
especially hadron jets

COTo achive high energy resolution,
» Particle Flow Algorithm

Particle Flow Algorithm Previous PFA "\
Y i.——nN i

The energy(momentum) for each particle is . \;‘,.. ﬁ&" . el || :é.é“' .

extracted from the subdetector system in T Ty "‘%a_ o i P

which we expect the measurement to be most .. —) .

accurate. [, gt T P
—m -wzn . —m Et:';.?il_s:a.,.

Charged particles — Tracker - =
Photon — E Cal. EjET = EgcaL * Encal Ejer = Exrack +E, + E,

\ Neutral particles — H Cal. 2 55%/\/ E(GeV) < 30%/+/ E(GeV) )
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Evaluate JER

Setting of Evaluation JER

®|LCSoft : vOT-19-05 (gcc49)
®|LDConfig : vOT1-19-05-p01
®|LD models : ILD |5 o1 v0O2, (ILD _s5 ol v02)
eSamples : Z—uds (w/o overlay)
s e-\40 30 40 60 91 120 160 200 240 300 350 400 500

Lievegeds 10k 10k 10k 10k 10k 10k 10k 10k 9k 10k 9k 10k
sl 10k 10k 10k 10k 9k 10k 10k 9k 10k 10k 10k 10k

® Jet resolution definition
> use RMSy; method

- Energy
o _ RMSgq(£;) _ > RMSgo(Ej;)
E  meang, (Ej) meang, (Ejj)
(J. S. Marshall and M. A. Thomson, "Pandora Particle Flow Algorithm”, arXiv:1308.4537 [physics.ins-det])
> Angle use jet clustering: Durham

0 = RMSQO((preC - ¢mc)
00 = RMS9O(0rec —0,c)
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Evaluate JER
JER: Comparison Barrel/Endcap

JER was evaluated separately for barrel and

endcap regions.
sv01-19-05.mILD_I5_o1_v02_nobg Maon
Io\? ! ' 'E'ndcap __GE/E 350/' o l i el
— I Overall "oo- offE= 30%’.‘(_ ] "
Lu'_' 6 I | B W Barrel .......................... OVera" ............ SO — o ESQL
9 : : 31.3/|E, -1.97 +0. 200\F ] W
% i = Barrel :lcosbl <0.7 | ] o
5 I 0 W N S SO -SSR OO RNY e S
[o5) I 28.9/|[E; -1.91 +0.195\E;
= [ \ s Endcap lcosol > 0.7, ] 6 = cos—1(0.7)
: 4 i\ ‘\‘ .................. .................... 3 36 .El....1..66..+0..1.84.VT....; Yoke/Muon  HCAL
T . : é é - o
N e N R S E a
S | = = = 08E)
(¢ T e S e ey e /B
0 50 100 150 200 250 _ 31.3 -1.97+0.200VE
Ei [GeV] Barrel 28.9 -1.91+0.195VE
arre . -1. +0.
UEj o RMSQO(EJ) o \/—RMSQO(E]']') -
= Ty = 2 i 33.6 -1.66+0.184VE
j  meango(E}) meango (Fj;)
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Evaluate JER
JER: Comparison Large/Small

The two detector models (large/small) were evaluated for comparison.

sv01-19-05 lcos0il<0.7

7 LA DL L I L I i L L O-E a
AU o o T = E
: .“ _ GE/E 35/: | ] E \/EEDB( )

S B \L : 289/\F'1 91 +°195W 1 0 289 -1.91+0.195VE
8 5 -_ ............ “ ......................... . ......... m ILDsso_l ...... V 02nobg . =-1. + o

= - 27.6/[E, 159+o199\/’ 27.6 -1.59+0.199VE
~ - ! ;

E 8000~

Small >.

S — -
2] B | ; , ——Large %t ///
> TP I BRI B BT T )
o 0 50 100 150 200 250 i

EJ [GeV :moé -‘:\\\\\\\

6000

R I I P B B B Loyl
8000 6000 4000 2000 0 2000 4000 6000 8000

« Impact of small detector seen for large jet energy
« JER goal (ILC TDR) satisfied for both models
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Evaluate JER
Result : energy & angle dependence

sv01-19-05.mILD_I5_o1_v02_nobg

15---;---;---;---;---o15GeV

é é é é 1 = 20GeV
30GeV
v 45.5GeV
o 60GeV
1 80GeV
A 100GeV
o 120GeV
= 150GeV
s 0 ® O o R =1 ~ 175GeV
I e e 1 « 200GeV
- 4 x 250GeV

0 0.2 0.4 0.6 0.8 1
lcosOl

apply this result to kinematic fit
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Evaluate JER
Angular resolution

polar angle azimuth angle
060 = RMSgo(0rec — Ome) 8¢ = RMSoo(drec — Pmc)
sv01-19-05.mILD_I5_o1_v02_nobg v01-19-05.mILD_I5_o1_v02_nobg
00.08 e 15GeV o0 03 e 15GeV
= - =20GeV o= F = 20GeV
' - 30Gev 1+ 0.25F 1 . 30GeV
©0.06 v 45.5GeV - 4 v 45.5GeV
o B | 0 60GeV T 02 F o 60GeV
I { 0 80GeV F - 80GeV
o 0.04 ~100Gev o 0.15F A . 100GeV
w© 10 120Gev ° : o 120GeV
4 + 150GeV 0.1F 9 = 150GeV
0.02 O—wszod + 175GeV - *H + 175GeV
; "' % 200GeV 0.05 ES — « 200GeV
B o % 250GeV x 250GeV
0 0
lcosol
For evaluation of angular resolution, Durham algorithm !
use jet clustering. :
) 9 2min(E7, E5)(1 — cos 6;;)

Yijg = 0?2

apply this result to kinematic fit
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kKinematic fit
/H processor

invisible

sv01-19-05.mILD_I5_o1_v02_nobg

15 o 15GeV
[ 1 = 20Gev

O-E(E, COS (9) 1 3ocev

v 45.5GeV
o 60GeV
+.._+ 0 80GeV

9
—
o

—— ~ 100GeV
—e— —— : w% 1 o 120GeV
grmber « 150GeV
1 - 175Gev
1 » 200Gev
4 * 250GeV

0.2 0.4 0.6 0.8 1
Icosol

< sv01-19-05.mILD_I5_o1_v02_nobg
00.08 e 15GeV
E o

1 = 20Gev

og(F,cosf) ] sncev
r v 45.5GeV

——— —-——-—++ 1 o 60GeV

A+ O 80Gev
0.04 LA 100GeV
[ 1 ¢ 120Gev
: ‘ ‘ 4 < 150GeV

) / Mean 0(Ej) [%]

6]
T T T

I

RMS,,(E.

o
O 1

OFit variables
Ei1,051, 01, 2,052,002
[0Z mass constraint

mj; =Mz = 91.2 GeV = | ; *'ff*--a.éi!

OJet mass asumption ' ' ' " lcosol

after sv01-19-05.mILD_I5_o1_v02_nobg

50 = Oeq - 0
I

o 0.3 e 15GeV
J J = : \ = 20GeV
. . v 025 - (OF } ]+ 30GeV
Olmplement of jet resolution g ,F " 45.5Ge
o . F (o) e
o 1 80GeV
or(E,cos0),09(E,cos0),04(E,cosb) L oisf 4 . 100Gev
S F o 120GeV
9 < 150GeV
E i g—0——u— sy « 175GeV
005 3 It - : ‘v‘;j:}',‘;:«:“: * 200GeV
= 2 - % ; % X —" x 250GeV

before

=
NS

®,
n
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kinematic fit

MarlinKinfit ;: OPALFiItter

For iterative solution : Taylor-expansion of the constraints

1 o an, Ofi v v, Ofi v v
[P = RO,E0+ 5t ) + (& =€)

15 Iny=ny Ok |e—er

B - v 0 v .
( Vz’j 1(77j+1 o yj) T 8{;6 )‘k+1 =0 (2 =1, >N>\
tni=ny
—_— afk v+1 _ y —
06 o e AT =0 (1=1,...,J)
\_L_fi@.er =0 (i=1,...K)

Solution

Convergence condition
v §x?<0.01% n 6F, <1073
ﬂ FC < 10_2 'Xz

~-Asymptotic solution

S (next start) or
Constraint vioall f; < 107 n 5, &) < 107°
approximate
contours
>
N
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kinematic fit
Result : Recoll mass

sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
Mrec — \/(\/g o EZ)2 o |ﬁZ|2 §4OOOE Dr.ﬁi&e:ms.z
o B 9 ]
result me '0.3000_ sigma = 6.379 ]
5M Mrec Mrec % : ]
rec — £2000 |
M"?;g & i :
1000 | ' ]
. _ : : \_ | ISR effect
improve recoil mass resolution ~20% |o' SRS '

100 110 120 130 140 150 160
Recoil Mass [GeV]

sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 % sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %

% X [ before fit: - o X ] beforé fit: E
(D 600 I ....................... ................... mean -130 1 _ 01 200 I mean_84e03
8 [ : : f 3|gma = 12 076 ° ;1 000 il stg.ma. =8.8e-02
o |:| after f|t c [ after fit:
; 400 I'I g_) 800 F ”'”""”'”'”Iﬁé”ah"";"¥3'3é”'04_
i} L :
GC) 600 Y W L S S|gma ....... 69302 -
> C ]
L 200 400 F A o -
200 : ................................. .............................. _:
100 110 120 130 140 150 160 -1 -0.5 0 0.5 1
Recoil Mass [GeV] Recoil Mass Relative Error
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Higgs—>invisible
Analysis Setup

@ Simulation
- [LCSoft: vO1-19-05
- Samples: DBD sample + Signal sample (e*te™ - qqH,H - ZZ* - 4v )
- Detector: ILD full simulation (ILD_o1_vO0b) N eft” “Right
o/s =250 GeV, [Ldt =250 fo!', (P,-,P o+) = (—0.8,+0.3), (+0.8,—0.3)

oFlow of analysis

1. Particle flow reconstruction (PandoraPFA)
7. |solated lepton finder (veto)
3. Durham jet finder (forced 2 jets)
4. Kinematic fit with MarlinKinfit (OPALFitter)
5. Event selection

> Optimized assuming signal BR(H—invisible) = 10%
6. Estimate upper limit of BR (95% CL)

n
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2018/5/8

Higgs—invisible

i fi Ny
signi ficance = ————
vV Ns + Ny
Cut table (P,-,P,+) = (—0.8,+0.3)
cut condition S//S+B | signal all bkg 77 WW | wwZ | other bkg
No Cut 0.84 5255 3.93 x 107 | 214211 | 2748230 | 67952 | 3.63 x 107
Niep =0 1.00 5249 2.74 x 107 | 165399 | 1276030 | 67853 | 2.59 x 107
Pre-Cut 7.54 5026 439363 35027 69535 | 33852 300949
Npfo > 15&Ncharged > 6 9.66 4947 256873 34332 67457 | 33236 121848
prj; € (20,80)GeV 12.48 4688 136149 30207 56149 | 29166 20627
M;; € (80,100)GeV 13.50 3919 80266 23533 29210 | 23675 3848
| cosf;;] < 0.9 13.94 3768 69199 20457 | 24817 | 21246 2679
w/o kinematic fit
cut condition S/V/S+B | signal all bkg ZZ | WW | wZ | other bkg
common part 13.94 3768 69199 20457 | 24817 | 21246 2679
M, ecoir € (100,160)GeV || 13.95 3765 69002 20438 | 24748 | 21174 2642
BDT > —0.0718 ¢ 15.54 | 3388 44086> | 12604 | 14941 | 14676 | 1865
w/ kinematic fit
cut condition S/J/S+B | signal all bkg 77 WW | wvwZ | other bkg
common part 13.94 3768 69199 20457 | 24817 | 21246 2679
M, ecoit € (100,160)GeV || 15.10 3766 58404 15873 | 21289 | 18665 2577
BDT > —0.0867 6.26 3425 4@ 11086 | 14030 | 13903 1874
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Higgs—invisible N,

significance = ————
VNs + N
Cut table (P,-,P,+) = (+0.8,—0.3)
cut condition S/YS+B | signal all bkg 77 WW | wZ | other bkg
No Cut 0.76 3549 2.16 x 107 | 116792 | 189591 | 23127 | 2.13 x 107
Niep =0 0.95 3545 1.39 x 107 | 89111 88065 | 23092 | 1.37 x 107
Pre-Cut 7.33 3391 210605 16373 4918 8970 180344
Npfo > 15& Nehargea > 6 || 10.03 3331 106837 16028 4773 8786 77250
prj; € (20,80)GeV 15.59 3144 37369 14018 4022 7793 11536
M;; € (80,100)GeV 17.17 2632 20815 10828 2087 6121 1779
|cosfj;| < 0.9 17.81 2535 17670 9387 1806 5373 1104
w/o kinematic fit 7
cut condition S/J/S+B signal all bkg ZZ | WW | vwZ | other bkg
. common part 17.81 2535 17670 9387 | 1806 | 5373 1104
M;ecoir € (100,160)GeV || 17.83 | 2532 17598 9376 | 1800 | 5366 1056
—
BDT > —0.0840 q_19.72 2208 11231 5800 | 1170 | 3463 798
w/ kinematic fit
cut condition S/VS+B | signal all bkg ZZ | WW | wZ | other bkg
- common part 17.81 2535 17670 9387 | 1806 | 5373 1104
M ecoir € (100,160)GeV || 19.61 2533 14104 7196 | 1549 | 4274 1085
BDT > —0.1162  ¢Z20.81 2395 10806 > 5431 | 1187 | 3318 870
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Higgs—invisible
Result : Recoll mass distribution

2018/5/8

w/o kinematic fit w/ kinematic fit
1S = 250 GeV, (Pe’,Pe") = (-0.8,+0.3), ILdt:ZSO fb”, Cut: No.1-No.9  w/o kinematic fit Vs = 250 GeV, (Pe’,Pe’) = (-0.8,+0.3), _[Lm:zso b, Cut: No.1~No.9  yy/ kinematic fit
""""""" L LA B L DL L L S i I ]
- ©2500 22500 OHoinv. 3
O O} BR = 10%]]
o | Se000 82000 DagH,sM ]
N Qi ol L 1zz ]
- ;1 50 ;1 500 _jww -
48) = 2 ]
—_ c E 1 Tt C ]
@) 0>J1000 £ 21000 er bkg—]
O | w . w ]
&+ 500 | 500 3
q) 0 e oy e EE e ST EE — O e o I B8 .
—
100 110 120 13 140 150 160 100 110 120 130 140kf 150 160
. . M . V . L o .
significance=15.54 M [GeV] significance=16.26 Meci[GeV]
(s = 250 GeV, (Pe’,Pe") = (+0.8,-0.3), ILdt=250 b, Cut: No.1~No.9 /0 kinematic fit (s = 250 GeV, (Pe’,Pe") = (+0.8,-0.3), J.Ldt=250 fb”, Cut: No.1~No.9 v/ kinematic fit
C | - W - Tt | < et
9 E F T T T T |'|B—R>IinV1-o/: g : T T T T = H—)IiI‘IV ]
-+ 800 i =10%] [ BR =10%]
CIS S : (JagH,SM - S 800 i OagH,SM -
'% N 600f éﬁ,zw N 600 é@zw
S | £ ook wZ oo 2 i wz ]
(e} q>') 00 E [other bkg ] q>) 400 | [Eother bkg ]
L - J | L ]
B — O 5 T e e TR BB R ey e B O 1 g P
o 100 110 120 130 140 150 16 100 110 120 130 140 150 160
significance=19.72 Mecwi [GeV] significance=20.81 Mcc[GeV]
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How to set Upper Limit

SO SRR A definition of 95% C.L.
oo 5 (one-sided test)
o gl i
_% : 5% n
= 6:_ ;NS+B
A 5 95%
- u—1.650
uL %
lnSM ol gk e
vents
Ny (10%)
%800 10(%)
o 600 UL % — X 1.65 NB
I )= Ns(10%)

90 110 120 130 140 150 160 MreCOi|E[]20,]40] Gev

Mrecoil [GeV]
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Higgs—invisible

Result : Upper limit of BR (95% CL)

2018/5/8

w/o kinematic fit w/ kinematic fit
(s = 250 GeV, (Pe’,Pe’) = (-0.8,+0.3), ILdt:ZSO fb”, Cut: No.1~No.9 /0 kinematic fit Vs = 250 GeV, (Pe’,Pe’) = (-0.8,+0.3), _[Ldl=250 fb”, Cut: No.1~No.9 v/ kinematic fit
- 2500 T Okoin w2500 | OHoinv. ]
O BR = 10% O] BR = 10%]
T | 82000 OagH.sm 82000 OagH.sm 2
N l ol EZ]ZZ ]
LCG 51 500 4\91 500 -]
[ C C
O 0>J1000 21000 r bkg—
O | . i ]
ﬁ 500 ' 500 -
3 0 ettt i O ——r—t 1t T .
100 110 120 130 140 150 160 100 110 120 130 140 150 160
UL = 0.73% @V | UL = 0.69% oo [GEV]
fs = 250 GeV, (Pe’,Pe") = (+0.8,-0.3), _[Ldt=250 fb”, Cut: No.1~No.9 /0 kinematic fit fs = 250 GeV, (Pe’,Pe) = (+0.8,-0.3), J.Ldt=250 fb”, Cut: No.1~No.9 v/ kinematic fit
@) % i ' ' ' " [Hoinv. % i ' ' ' ' EHoinv. 1
— (O] i BR = 10%] (O] [ BR =10%]
S = 800 : OaaHsm 1 = 800 : OaaHsm -
= | Neoof [)zz N goo b B2z
O ; : @WW C\D : @WW
O | E a0k nE < a00F "o
Q. CI>.) [Elother bkg G>J E [Elother bkg
M T : i L I
o : . : e o ]
E O - B O 1 g
100 110 120 130 140 150 160 100 110 120 130 140kf 150 160
U |— O 5 2% Mrecoil [GeV] UL - 0.49% M ecoil [GeV]
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Summary
Eva I uate let enerqy re SOI ution $v01-19-05.mILD_I5_o1_v02_nobg

~ BT 71— ¢ 15GeV
ILD model : ILD I(s)5 vO2 & = 20Gev

—_ e
> jet energy & cos 6 dependence 10 A aoaseV

o 80GeV

evaluate jet angle resolution also 5 ey
. L =
— apply to kinematic fit = o 1a0eey
w ] « 175GeV
Kinematic fit g I | : : x 230Gov
. . 0 1 1 1 1
fit variables : E1,051, 91, Ej2,052,050 & o 02 040608
Cons.tra!nt_: m]] — ’-TTLZ — 912 Gev sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
I\/Iarlln_Klnflt ; OPALFltter i T D betore fi
app[yJet reso]uhon 600 el ................... ﬁnean--~=§1-36; ..... _

sigma = 12.076 |

[ after fit:

.................. mean~~=§1~29».0~-—

Higgs—invisible

Events / 0.50 GeV

Estimated upper limit of BR(H—inv.) 4001 ¥ A Ry

Improvement by kinematic fit i | | | .
UL of BR [%] (95%CL) Left polarization o00f f

Previous study 0.95 0.69 - g

w/o kinematic fit 0.73 0.52 | | | . :

w_kinematic it | 069 049 Qe i i e 160

Achieve best sensitivity in the results so far! Recoil Mass [GeV]
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Plans

Evaluate jet energy resolution
- More detailed evaluation of the end cap part : more statistics
- Add c-jet & b-jet information
o Use jet clustering : E/j1 # Ejo
- Add jet mass dependence

kinematic fit
> Improve fit accuracy : check underestimation of JER
> Implement soft constraint : T,
> Apply to other processes

Higgs—invisible
- Use variables after fit for event selection
> Optimize recoil mass range used for estimation
- Set upper limit using profile likelihood ratio
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backup
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Preliminary : Soft Constraint Test

OPALFitter
sv01-19-05.mILD_o1_v05.eL.pR OPALFitter success : 99.85 %
S e fdve: no Elbeforef't ................. ]
¢ 10 mean =90.9  mean =90.7 §
3 . ; S|gma 5.338, ~ sigma =10.091 1
O. 1 O E : | mafterfit ..................... _?

; X . mean ;_91.3
?, 10? :

>

LIJ 10 T | e el L R aniils THES PRI | [

100 110 120
M, [GeV]

Hard constraint

NewtonFitter
sv01-19-05.miILD_o1 v05.eL.pR NewtonFitter success : 99.93 %
L L
%)2 E] MC: : [_] before fit:
(52500 mean =909 ! - mean =90.7 1
Boooo | Sgma=sass ) _ sigma = 10.257 ]
o : ] after fgt

mean = 90 7

O 50 100 110 120
M, [GeV]
Soft constraint

[,=2.5 GeV
with SoftBWMassConstraint in MarlinKinfit
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The Mathematics of the NewtonFitter

N parameters a;, i = 1...N Measured values 7, covarianve matrix V/

K constraint funtions f (a)

The total x2: \% (, X) = \*(@,9) + A JF((T)-
Seek stationary point, where all derivatives vanish:
Vaxd = Va’+ PUS Vaf((i') = 0. (N equations) 0\ [ = B %}1_2 3 A - 2
Vaxy = f(@) =0, (K equations) ( 0 ) B .a,{ B S l
Newton-Raphson iterative method to solve y(x)=0:
v w y@”)

00

_ AT N VN 7 = S . 2
= - ——= =>solve Y (2") (2" —2"7) =y (2")
y' (@
Here: Solve this system of equations in each step:
2 2 62 2. 2 02 ) ,
[T et g e | g L S ¥ — a4+ B b o
N o - - e -
an\/raal + Ak ’ Handay dandan + Ak ) Hanydan 33:7 55% . (IN—_HN::-__I_ = % + Ak : f%{t
o iFe 0 .. 0 AT =AY 7
daq dan 1
y _ “’+1
SE Bus 0 .. o0 ) VAR fx

B. List 20.2.2008 (Marlin)Kinfit: Kinematic Fitting for the ILC Page 12
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2018/5/8

detector

FTD

SIT

TPC
SET

Ecal

EcalEndcap
EcalEndcapRing
Hcal
HcalEndcap
HcalEndcapRing
Coil

Yoke
YokeEndcap
YokeEndcapPlug
BeamCal

LHCal

LumiCal

inner
radius

15.0

37.0

152.9

329.0

1769.9

1804.8

400.0

250.0

2058.0

350.0

2145.84

3425.0

4475.0

300.0

300.0

17.8

130.0

80.0

List of envelope parameters for ILD_I5_v02

outer
radius

101.0

309.0

324.6

1769.8

1804.3

2028.0

2095.84

390.0

3395.5

3225.5

2980.0

4175.0

7776.0

7776.0

3395.54

140.0

315.0

2021

half length
min z, max z

177.6

2350.0

644.1

2350.0
2350.0

2350.0

2411.8, 2635.0
2411.8, 2635.0
2350.0
2650.0, 3937.0
2411.8, 2635.0
3872.0
4047.0
4072.0, 7373.0
3937.2, 4072.0
3115.0, 3315.0
2680.0, 3160.0

2411.8, 2540.5

additional parameters

VXD_cone_min_z
VXD_cone_max_z
VXD_inner_radius_1

FTD_outer_radius_1
FTD_outer_radius_2
FTD_min_z_0
FTD_min_z_1
FTD_min_z_2
FTD_cone_min_z
FTD_cone_radius

SIT_outer_radius_1
SIT_half_length_1

Ecal_Hcal_symmetry
Ecal_symmetry

EcalEndcap_symmetry

Hcal_inner_symmetry

HcalEndcapRing_symmetry

Yoke_symmetry
YokeEndcap_symmetry
YokeEndcapPlug_symmetry
BeamCal_thickness
LHCal_thickness

LumiCal_thickness
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80.0
150.0
251

152.8
299.7
177.7
368.2
644.2
230.0
192.0

299.8
368.1

12

12

12

200.0

480.0

128.7




detector

FTD

SIT

TPC
SET

Ecal

EcalEndcap
EcalEndcapRing
Hcal
HcalEndcap
HcalEndcapRing
Coil

Yoke
YokeEndcap
YokeEndcapPlug
BeamCal

LHCal

LumiCal

inner
radius

15.0

37.0

152.9

329.0

1426.9

1461.8

400.0

250.0

1715.0

350.0

1767.92

3075.33

4125.33

300.0

300.0

17.8

130.0

80.0

List of envelope parameters for ILD_s5_v02

outer
radius

101.0

309.0

324.61

1426.8

1461.3

1685.0

1717.92

390.0

3045.83

2875.83

2656.92

3825.33

7426.33

7426.33

3045.83

140.0

315.0

202.09

half length
min z, max z

177.6

2350.0

644.1

2350.0
2350.0

2350.0

2411.8, 2635.0
2411.8, 2635.0
2350.0
2650.0, 3937.0
2411.8, 2635.0
3872.0
4047.0
4072.0, 7373.0
3937.2, 4072.0
3115.0, 3315.024
2680.0, 3160.0

2411.8, 2540.5

additional parameters

VXD_cone_min_z
VXD_cone_max_z
VXD_inner_radius_1

FTD_outer_radius_1
FTD_outer_radius_2
FTD_min_z 0
FTD_min_z_1
FTD_min_z_2
FTD_cone_min_z
FTD_cone_radius

SIT_outer_radius_1
SIT_half_length_1

Ecal_Hcal_symmetry
Ecal_symmetry

EcalEndcap_symmetry

Hcal_inner_symmetry

HcalEndcapRing_symmetry

Yoke_symmetry
YokeEndcap_symmetry
YokeEndcapPlug_symmetry
BeamCal_thickness
LHCal_thickness

LumiCal_thickness
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80.0
150.0
251

152.8
299.7
177.7
368.2
644.2
230.0
192.0

299.8
368.1

12

12

12

220.03

480.0

128.7




