Recoil mass analysis to prove performance
not to be difference between SIECAL and ScECAL

June, 6, 2014
T. Ogawa

Today’s report :
= Lepton channel at 350GeV with all cut base analysis.
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My Motivation

- My motivation is to compare performance between SIECAL and ScCECAL
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- JER is slightly difference, ~ 0.3%
but actually how about for physics analysis?

RMS90/E  [%]

- For my fist test, 3:
| want to confirm whether the difference appear or not
by using recoil mass analysis (uu, ee, qqQ) 25l

Uy — This does not depend on ECAL.

ee — This also does not depend on ECAL. @

qq — This also does not depend on ECAL, | hope... &

Nobody confirm these response, | try it.
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Simulation condition & Analysis flow

- Analysis channel is pp, ee, qq.

- Vs is 350GeV(L=350fb"-1),
Beam polarization is (-0.8, +0.3)

- Signal is full simulated by using SIECAL and ScECAL.

- For now, | used BG reconstructed with SIECAL (DST sample).

In case the difference does not appear for signal,
it is expected that there is not difference against BG.

- Analysis flow is:

Lepton identification [Pre-selection]

Good Z-paring with lepton candidates
(y recovering, correction 14 mrad)

All Cut Base analysis
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Lepton identification [Pre-selection]

- Decide cut parameters from simulation of single particle injection.

Refer response of ECAL, HCAL, MUCAL, and P. £ e ]
track P >12GeV e-ID u-ID e
hcal _E /allcal_E <0.95 <0.95
ecal E/hcal E 3< <8 | I ;
mucal E / hcal E <0.03 0.05< S e
ecal E/allcal E 0.85< <0.5
allcal E divtrack P | 0.7<,<1.25 <0.5

- For 350GeV eeH/mmH S|gnal events

e-ID | y-ID | |Scwlssa| e-ID | p-ID

TRUE 50807 | 51987 TRUE | 50117 | 52337
id 50032 | 52346 id 49822 | 52027
true&&id | 49409 | 51917 | | true&&id | 48691 | 51950
purity | 97.25 | 99.87 purity | 97.73 | 99.85
efficiency | 98.75 | 99.18 | | efficiency | 97.15 | 99.26

- Efficiency and purity are almost same.
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Gamma recovery [FSR, Bremstahlung]

- After lepton identification, select the best lepton pair closest to Z mass.
0.9997

- Apply gamma recovery.

— c0sB between lepton and gamma > 0.9997 0.999
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Cut Base Analysis

BG suppression

- With reference to a lower physical variables, applied BG suppression.
Same cut value is applied to both eeh and mmh channels, also SIECAL and ScCECAL
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I Cut Base Analysis
Reduction table [Si and Sc]

mmt GO

: original events = 25000 ntuple Entries = 23802 original events = 25000 ntuple Entries = 23804
pre-selection(both e/mu) ID cut 1198 remaining (%) 95.208  pre-selection(both e/mu) ID cut 1196 remaining (%) 95.216
+ costhetamm cut cut 1256 remaining (%) 90.184 + costhetamm cut cut 1255 remaining (%) 90.196
+ costhetamp cut cut 1170 remaining (%) 85.504 + costhetamp cut cut 1173 remaining (%) 85.504
+ ptdilep cut cut 397 remaining (%) 83.916 + ptdilep cut cut 398 remaining (%) 83.912
+ zmass cut cut 2876 remaining (%) 72.412 + zmass cut cut 2897 remaining (%) 72.324
+ acoplanarity cut  cut 1388 remaining (%) 66.86 + acoplanarity cut  cut 1390 remaining (%) 66.764
+ acollinearity cut  cut 531 remaining (%) 64.736 + acollinearity cut cut 538 remaining (%) 64.612
+ costhetaZ cut cut 1106 remaining (%) 60.312 + costhetaZ cut cut 1113 remaining (%) 60.16
+ zenergy cut cut 2446 remaining (%) 50.528 + zenergy cut cut 2438 remaining (%) 50.408
+ recoil cut cut 1199 remaining (%) 45.732 + recoil cut cut 1189 remaining (%) 45.652
eeH
: original events = 24925 ntuple Entries = 21683 : original events = 25000 ntuple Entries = 21047
pre-selection(both e/mu) ID cut 3242 remaining (%) 86.993 pre-selection(both e/mu) ID  cut 3953 remaining (%) 84.188
+ costhetamm cut cut 836 remaining (%) 83.6389 + costhetamm cut cut 803 remaining (%) 80.976
+ costhetamp cut cut 771 remaining (%) 80.5456 + costhetamp cut cut 742 remaining (%) 78.008
+ ptdilep cut cut 2222 remaining (%) 71.6309 + ptdilep cut cut 2092 remaining (%) 69.64
+ zmass cut cut 7019 remaining (%) 43.4704 + zmass cut cut 6902 remaining (%) 42.032
+ acoplanarity cut  cut 878 remaining (%) 39.9478 + acoplanarity cut  cut 839 remaining (%) 38.676
+ acollinearity cut cut 308 remaining (%) 38.7121 + acollinearity cut cut 301 remaining (%) 37.472
+ costhetaZ cut cut 646 remaining (%) 36.1204 + costhetaZ cut cut 657 remaining (%) 34.844
+ zenergy cut cut 1560 remaining (%) 29.8616 + zenergy cut cut 1509 remaining (%) 28.808
+ recoil cut cut 1377 remaining (%) 24.337 + recoil cut cut 1442 remaining (%) 23.04

- The result of efficiency is almost same.
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Recoil mass ZH -> mmH

;7 Am~0.11GeV
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Cut Base Analysis

| forgot to include Barbar events

Recoil mass ZH -> eeH

P(e ,e")=(-80% ,+30%) Ng;,=871 Ny ;=1369
\s=350GeV f Ldt=350fb"  SNS+N=18.41 \/S+N/S=0.054

AoHzlonz ~5.5%

£ c ~ 23.1%
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E man 1336205 1 = * * man i41s0a
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H bb cc TT
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€ [27.6 |28.5 27.3 |25.9 [27.4 21.6 [29.3 28.5 [27.2
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ZH = yuH/eeH Cut Base Analysis

Recoil mass combine

Am ~ 0.13GeV
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Today’s summary & Next step

- For now, there is not remarkable difference with lepton channel analysis.

- Try more detailed analysis 250GeV, 350GeV, 500GeV. (...)

- Try to analyze qq channel. (while keeping model independence)
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Tuning of SIECAL and ScECAL

O/ Eyeco [%]

Tomohisa Ogawa (D1)

- Linearity
- Energy resolution

- JER
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Gamma recovery [FSR, Bremstahlung]
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Summary of Lepton Identification

- Preconditions : Track exists.

and cut parameters :

track P >12GeV e-ID u-1D
hcal E /allcal E <0.95 <0.95
ecal E/hcal E 3< <8

mucal_E / hcal E <0.03 0.05<
ecal E /allcal E 0.85< <0.5
allcal_E divtrack P | 0.7<, <1.25 <0.5

- For 350GeV eeH/mmH signal events.

MVA Base Analysis

- For 250GeV eeH/mmH signal events.

Si e-ID | p-ID

TRUE |[50181 | 51567

id 49673 | 51880
true&&id | 49304 | 51536 | | true&&id | 48707 | 51567
purity | 98.25 | 99.94 purity | 98.59 | 99.88
efficiency | 99.25 | 99.34 || efficiency | 98.14 | 99.33

- For 500GeV eeH/mmH signal events.

Si e-ID | p-ID || Sc w/ssa u-1D Si e-ID | y-ID ||Scwissa| e-ID | p-ID
TRUE |50807 51987 || TRUE 92337 TRUE |[46267 |52429|| TRUE |47878|52476

id 50032 | 52346 id 52027 id 45651 | 52815 id 48548 | 52836
true&&id | 49409 | 51917 || true&&id 51950 true&&id | 44635 | 52282 || true&&id | 46407 | 52308
purity | 97.25 | 99.87 purity 99.85 purity | 96.47 | 99.72 purity | 96.93 | 99.68
efficiency | 98.75 | 99.18 || efficiency 99.26 efficiency | 97.78 | 98.99 || efficiency | 95.59 | 99.00
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Likelihood

Input variable: costhetamp |

N
&

1.5

(1/N) dN/0.0337 units [

0.5

U/0-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%

-08-06-04-02 0 0.2 04 06 08 1
costhetamp [units]

Input variable: ntracks
Input variable: zenergy

0.07

] Background

0.06
0.05
0.04

(1/N) dN/12 units
Liaaslossslosaalesaales

.0, 0.0)% / (0.0, 0.0)%

0.03
0.02

0.01

U/O-flow (S,

100 200 300 400 500 600 700
zenergy [units]

Input variable: ptdilep

° T T T T T T

S o0.016

@ 2
o 0.014 s
S 0012

> o ]
2 oo 2
£ S
. 0.008

0.006
0.004
0.002

U/O-flow (S,B):

L 1 L L L L
100 200 300 400 500 600 700
ptdilep [units]

[Input variable: acollinearity]

g F T T T T T ™
5 sf E
o F 12
B 25 EH)
e Ut 1s
o E S
2 2F 3
o E s
< 15 3 :;.
p=2 E <
)
()
g
g
0 " =]
0.5 1 15 2 25 3
acollinearity [units]
Input variable: zmass
o T T T T T ™
Z 008 3
E E
© 0.07 =
= E
T 006 E
2 E
S 0.05 E
4 E
S o0.04 3
0.03
0.02 )
z
0.01 2
s

100 200 300 400 500 600
zmass [units]

[Input variable: acoplanarity|

(1/N) dN/0.0532 units

© a4 N W A OO N ®

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

0.5 1 1.5 2 25 3
acoplanarity [units]

Tomohisa Ogawa (D1)

[ Input variable: Z
2 F T T T
g 7
3
S )
= 5 S
> 3
S 4 5
3 S
2 .
2 g
1 g
g
0 =]
-1 -0.5 0 0.5 1

costhetaZ [units]

° F T T T T T T
‘e 0.06[F -
= E ]
o F 12
v 005F s
w E is
> 3 is
T 004 -1
= E 182
3 E 15
= 0.03F =
e E )
F e
0.02 | 1&
E 1é
0.01 EH
js
0 a4 S

50 100 150 200 250 300

recoil [units]

[ Input variable: ]

.‘g T T T T T T T T T
c

S 25
~

(v

(]

°. 2
o

S

=

° 15
<

At

U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%

-0.8-06-04-02 0 0.2 04 06 08 1
costhetamm [units]

MVA Base Analysis
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_ ZHe=mH MVA Base Analysis
Recoil mass ZH -> mmH @ 350 GeV (-0.8, +0.3)

G

4 i i £ ~ 52 70A) .§ 1 £ ~ 52-1%
5200 %2/ ndf 142.1/56 = =200 %2/ ndf 153.7/55
= amplitude 3531128 = amplitude 351.6+ 125
=T mean 125201 ] = mean 1251+01 ]
150 — sigma 1369 0064 ] 150 — 1355006 -]
— Fitted Sig b 3 — Fitted Sig E A ~ 0 08G V
: L Am ~ 0.08GeV : Thene ] m : e
L o+ i L ig+ i
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: % : IM ~ 1.08%
s0f- om/M ~ 1.09 o s0F oM . o
?1-5 .1;0 s |1:|*,0| - Ilésl "0 (1) ({1-5 |120 s 130 135 140 (1)
St i = A l ~ 4 6 / ZH—u*'wH w/S S/N=0.61 A HZ/ HZ ™ 4 6 /
ZH_ wwH wiSi S/N=0.59 M,,..; [GeV] OHz/OHZ . (1) —WWH w/Se M, ...i [GeV] o o - 0
P(e ,e")=(-80% ,+30%) N, =1260 N, ;=2126 P(e e%)=(-80% ,+30%) N, =1245 N ;=2026
\5=350GeV f Ldt=350fb”"  SNS+N=21.66 \/S+N/S=0.046 \s=350GeV [Ldt=350fb" SNS+N=21.77 \S+N/S=0.046

model independence H =

Hm= bb cc vlml WV;II ww zz" £z YY gg TT

E qqll | qqqqg qqll | qqqq
514 ~57.2% befo |13467|691 589 | 2339 | 2513 301 | 306 | 106 | 1615 | 1790
except low statistics chanrlelaft | 7469 | 395 303 | 1289 | 1413 165 | 173 | 58 | 912 | 985
¢ |55.4 |57.2 51.4 |55.1 [56.2 54.8 |56.5 |54.7 [56.5 |55.0
H— bb ce wWw WWwW ww 2Z ZZ vy g -

| qqll | qqqq qqll | qqqq
51.1~55.8% befo |13451(691 590 | 2333 | 2529 299 | 304 | 107 | 1627 | 1788
except low statistics channielaft | 7354 | 386 301 | 1280 | 1412 159 | 170 | 60 | 894 | 971
g |54.7 |55.8 51.1 |54.8 |55.8 53.2 [55.9 |56.1 |54.9 [54.3

My Status 16
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_ ZH=eeH MVA Base Analysis
Recoil mass ZH -> eeH @ 350 GeV (-0.8, +0.3)

'g I x2 / ndf 2624/57 | £ ~ 27-40/0 -é o2/ ndf 2594/57 - £ ~ 25.4%
g 80~ * amplitude 2704+ 142 ] E * amplitude  240.1+138 |
: 8y :e;r; 124;9103 ] 60 :rilear; 124f=0.3 -
o oo Am ~ 0.27GeV : | e Am ~ 0.33GeV
I ] 40
40 . -
¢ om/M ~ 3.08% o ou/M ~ 3.33%
0 11 1 1 i 0 L I 1 1 1 1 I 1 1 1 1 I 11 11 I 1 1 1 1
115 120 125 130 135 140 o 115 120 125 130 135 140 (1]
o Mealgey  AoOHZlOWz ~4.8% " W WO, Wew  Aowzlowz~ 5.0%
P(e ¢*)=(-80% +30%) N, =911 N, =1198

P(¢ €*)=(-80% +30%) N, =982 Ny =1197
\5=350GeV f Ldt=350fb"  SNS+N=21.04 \S+N/S=0.048

model independence H =

sy TP e

28.4 ~34.8 %

except low statistics chan

\s=350GeV f Ldt=350fb"  SNS+N=19.84 \/S+N/S=0.050

ZZ ZZ
qqll | qqqq
264 | 312 | 111 | 1452 | 1692

75 | 107 | 34 | 489 | 508
28.4 (343 [30.6 [33.7 |30.0

WW | WwW | ww zz zz
I w|es | m

ww ww ww
| qqll | qqqq

547 | 2219 | 2276
164 | 673 | 705

YY 99 L

befo |12156|597
 .aft | 3864 | 208

e [|31.8 |34.8 29.9 (30.3 (30.9
H— | bb ccC
| qqll | qqqq qqll | qqqq
250 ~ 34.6 % befo [11779|585 527 | 2159 | 2202 264 | 300 | 106 | 1403 | 1664
except low statistics chanheaft | 3584 | 199 156 | 613 | 664 66 | 104 | 36 | 427 | 501
e [|30.4 |34.0 29.6 (28.4 (30.1 25.0 (34.6 [33.9 [30.4 |30.1

17
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ZH = puH/eeH MVA Base Analysis

Recoil mass combine (-0.8, +0.3)

m - T I T T T T I T T T T I T T T T I T T T T w T T T T T T I I ]
g | ] < Tt ]
‘E2s0F + x*/ ndf 46.06/48 = 2/ ndf 511748 ]
=0 + amplitude 5202+ 160 ] 5200 amplitude 4782152
= 200 { \ mean 125201 = - mean 1251+ 0.1 .
: —Fitedsiz Am ~ 0.0QGGV 150 —FiteaSig ] Am ~ 0.0QGGV
- = Fitted BG g o = Fitted BG E
150 - Sig+BG ] C ]
: e 100]
O om/M ~ 1.60% : om/M ~ 1.57%
50§ 501€
0 IR R NI R S R NN S SRR ' P B o 0 | N T — I 111 ) I 1 11 | 1 11 | 1111 0
120 125 130 135 140 Aouz/onz ~ 3.3 /0 120 125 130 135 140 Aouz/lonz~ 3.4 /0
ZH—e'eH/u*wH wiSi  S/N=0.67 M..... [GeV] ZH—e'eHu'wH w/Se  S/N=0.67 M, ... [GeV]
P(e ,e")=(-80% ,+30%) N, =2242 N, ;=3323 P(e e")=(-80% ,+30%) N, =2156 N;,;=3223
\s=350GeV f Ldt=350fb" SNS+N=29.39 \/S+N/S=0.034

Ns=350GeV f Ldt=350fb”  SNS+N=30.06 \S+N/S=0.033

Tomohisa Ogawa (D1) My Status



Back up Slides
ZH -> lIH @ 250GeV, 500GeV (-0.8, +0.3)

Tomohisa Ogawa (D1) My Status
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Summary of Cross Section [Signal] (-0.8, +0.3)

- For 250GeV (250fb”-1)

[E250 e1L0.8 E1R0.3 zh eeh]

xsec = 10.9875
xsec*lumi = 2746.87

[E250 e1L0.8_E1R0.3_zh_mmh]

xsec =10.4773
xsec*lumi = 2619.33

Tomohisa Ogawa (D1)

- For 350GeV (350fbA-1)

[E350 e1L0.8_E1R0.3_zh_eeh]

xsec = 10.2267
xsec*lumi = 3579.35

[E350 e1L0.8 E1R0.3 zh mmh]

xsec = 6.82255
xsec*lumi = 2387.89

My Status

- For 500GeV (500fb"-1)

[E500 e1L0.8_E1R0.3_zh eeh]

xsec = 11.4046
xsec*lumi = 5702.29

[E500 e1L0.8 E1R0.3 zh mmh]

xsec = 3.3046
xsec*lumi = 1652.3

20



Summary of Cross Section [BG] (-0.8, +0.3)

- For 250GeV (250fb”-1)

[2f Z bhabhag]
xsec = 15640.8
xsec*lumi = 3.91021e+06

[2f Z leptonic]
xsec = 12993.9
xsec*lumi = 3.24847e+06

[4f ZZ leptonic]
xsec = 95.8895
xsec*lumi = 23972.4

[4f ZZ semileptonic]
xsec = 856.927
xsec*lumi = 214232

[4f WW _leptonic]
xsec = 915.577
xsec*lumi = 228894

[4f WW _semileptonic]
xsec = 10992.9
xsec*lumi = 2.74823e+06

[4f singleZee leptonic]
xsec = 669.874
xsec*lumi = 167469

[4f singleZee semileptonic]

xsec = 279.625
xsec*lumi = 69906.3

Tomohisa Ogawa (D1)

- For 350GeV (350fb"-1)

[2f Z bhabhag]
xsec =17173.2
xsec*lumi = 6.0106e+06

[2f Z leptonic]
Xsec = 6685.77
xsec*lumi = 2.34002e+06

[4f ZZ leptonic]
xsec = 58.9545
xsec*lumi = 20634 .1

[4f ZZ semileptonic]
xsec = 564.825
xsec*lumi = 197689

[4f WW _leptonic]
xsec = 679.256
xsec*lumi = 237740

[4f WW _semileptonic]
xsec = 8155.94
xsec*lumi = 2.85458e+06

[4f singleZee leptonic]
xsec = 732.373
xsec*lumi = 256330

[4f singleZee semileptonic]
xsec = 309.998
xsec*lumi = 108499

My Status

- For 500GeV (500fb"-1)

[2f Z bhabhag]
xsec = 2250.44
xsec*lumi = 1.12522e+06

[2f Z leptonic]
xsec = 3387.72
xsec*lumi = 1.69386e+06

[4f ZZ leptonic]
xsec = 36.4021
xsec*lumi = 18201

[4f ZZ semileptonic]
xsec = 366.106
xsec*lumi = 183053

[4f WW _leptonic]
xsec =462.713
xsec*lumi = 231357

[4f WW _semileptonic]
xsec = 5571.64
xsec*lumi = 2.78582e+06

[4f singleZee leptonic]
xsec = 4494 54
xsec*lumi = 2.24727e+06

[4f singleZee semileptonic]
xsec = 1207.69
xsec*lumi = 603845
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ZH -> lIH @ 250 GeV (e-,e+)=(-80%,+30%)

eeH

combi

LI I e e e e e e B e e e B
2/ ndf 49.98/48 _|
amplitude 246.7 + 10.2 -
mean 125300 ]
— Fitted Sig
= Fitted BG
-e- Sig+BG
— Sig
—3BG

100

ol P R B s
120 125 130 135 140

ZH—u*'wH wi/Si S/N=0.34 Mrecoil [GeV]
P(e ,e*)=(-80% ,+30%) Ng,=1213 Ny ;=3611
\s=250GeV f Ldt=250fb"  SNS+N=17.47 \[S+N/S=0.057

8 250 F LI L Sy L B B B L B B B L B B L N BN B B |_-

E . 2/ ndf 2335/48

E ool +++ amplitude 276+ 134 ]

= mean 1249+ 01 1

— Fitted Sig ]

150 = Fitted BG |
- Sig+BG

120 125 130 135 140
ZH—c'e'H wiSi S/N=030 M, ..on [GeV]
P(€ ,")=(-80% ,+30%) N, =1045 N, =3515

\5=250GeV det=250fb" SNS+N=15.48 \S+N/S=0.065

Tomohisa Ogawa (D1)

8 600 — T T T T I T T T T I T T T I T T T T I T T T I_
H Ea 2/ ndf 1139/48
= 4 + amplitude 509.7 + 16.5 -
= [ + mean 1252+0.1 A
400 — Fitted Sig n
+ = Fitted BG
-o- Sig+BG
| — Sig
—BG
200 + -
0 PRI I S A B S ———
120 125 130 135 140
—ete” u” i =
ZH—e*e H/u*wH w/Si S/N=0.32 Mrecoil [GeV]

P(e e)=(-80%,+30%) N, =2258 N, ;=7126
\5=350GeV f Ldt=350fb" SNS+N=2331 \S+N/5=0.043

€£~46.3%

Am ~ 0.047GeV
oM/M ~ 0.55%
AcHZ/oHZ ~ 5.7%

€~ 38.05%

Am ~ 0.10GeV
oM/M ~ 1.34%
AoHZ/ocHZ ~ 6.5%

Am ~ 0.051GeV
oM/M ~ 0.87%
AoHZ/ocHZ ~ 4.3%

Cut Base Analysis

X2/ndf  49.67/48
amplitude 250.6 + 104 |
mean 125300 -

— Fitted Sig
== Fitted BG
-o- Sig+BG

— Sig
—BG

100 14

o N IR L
120 125 130 135 140

ZH-u*wH wiSe S/N=0.34 M,...i [GeV]
P(e e)=(-80% #30%)  Ng,=1213 Ny =3611
Ns=250GeV [Ldt=250fb"  SNS+N=17.47 \S+N/S=0.057

@ T T T T
'5200 X2/ ndf 238.2/48 1
= +H amplitude 262.5+13.6
= mean 124801 ]

150 — Fitted Sig —

== Fitted BG

[ S L |
120 125

T30 135 140
ZH—e*eH w/Sc S/N=0.29 Mrecoil [GCV]
P(e e")=(-80% ,+30%) N;,=1006 N, =3515

\s=250GeV f Ldt=250fb" SNS+N=14.96 \S+N/S=0.067

L e e e e e e e L e e e
x2/ ndf 126.2/48
: amplitude 5009 + 16.8 ]
400F + + mean 1252+ 0.1
F — Fitted Sig
= Fitted BG
-e- Sig+BG
— Sig
—BG

300F

200

100 f

oE T L |
120 125

130 135 140

—ete Hutu™ =
ZH—e*e Hutw'H w/Sc S/N=0.31 Mrecoil [GeV]
P(e €)=(-80%430%)  Ng, =2219 Ny =7126
\Fs=350GerLdt=350fb'l SNS+N=22.96 \S+N/S=0.044

My Status

€£~46.3%

Am ~ 0.048GeV
oM/M ~ 0.57%
AcHZ/oHZ ~ 5.7%

€~ 36.67%

Am ~ 0.13GeV
oM/M ~ 1.52%
AoHZ/ocHZ ~ 6.7%

Am ~ 0.058GeV
oM/M ~ 0.96%
AoHZ/ocHZ ~ 4.4%
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Cut Base Analysis

ZH -> lIH @ 250 GeV (e-,e+)=(-80%,+30%)

mmH
decay bb, cc, ss, gamgam, gluglu, tautau, mumu decay bb, cc, ss, gamgam, gluglu, tautau, mumu
effic 48.7, 48.1, 50, 49.6, 49.0, 47.6, 44.44 effic 48.6694, 48.3, 50, 48.69, 48.8184, 48.1779, 44.4444
decay WW_IIIl, WW_qqll, WW_qqqq, ZZ Illll, ZZ_qqll, 2ZZ_qqqq decay WW._IIII, WW_qqll, WW_qqqq, ZZ_llil, ZZ_qqll, ZZ_qqqq
effic 49.4, 46.71, 49.43, 54.7, 45.84, 53.3546 effic 48.7562, 47.0614, 48.9895, 52.8302, 46.4029, 53.7217
eeH
decay bb, cc, ss, gamgam, gluglu, tautau, mumu decay bb, cc, SS, gamgam, gluglu, tautau, mumu
effic 43.98, 40.13, 58.3, 32.381, 44.6453, 413507, O effic 43.36, 41.39, 45.45, 30.9091, 43.5185, 41.5094, O
decay WW._III, WW_qqll, WW_qqqq, ZZ_ Illll, ZZ qqll, ZZ_qqqq decay WW._III, WW_qqll, WW_qqqq, ZZ llll, ZZ qqll, ZZ_qqqq
effic 39.823, 43.2115, 43.6087, 54.2373, 43.4783, 45.8484 effic 40.1079, 42.0544, 42.6193, 50, 41.7391, 47.2119
|
These are all cut analysis.
| |
Cut has not optimized yet.
But for now, No notable difference between Si and Sc
Tomohisa Ogawa (D1) My Status 23



ZH -> lIH @ 500 GeV (e-,e+)=(-80%,+30%

8 T T | T T T T | T T T T | T T :
=P : 2/ ndf 5147/14 ]
= 250p amplitude 659 + 45.6
= f mean 1249+ 04 1
200 -]
[ Fitted Sig
r itted BG
150 -
[ - —_
100 - DN ]
50F =
0 : S T S T N TR ST S T '
120 130 140
ZH—u*wH w/Si S/N=0.34
Mrecoil [GeV]

P(e ¢")=(-80%,+30%)  Ng,=654 N,;=1908
\5=500GeV f Ldt=500b" SNS+N=12.91 \'S+N/S=0.077

Gi1so — T T T T T T T T T T T T T TS
'E [ + %%/ ndf 5253/14
=] [ amplitude 1504+ 139 |
= | mean 106624 |

100 ++ + — Fitted Sig |

50

0 PR TR N S TR T
120 130 140

ZH—e'¢H wiSi S/N=047 M, ..i [GeV]
P(e e)=(-80% +30%) N, =388 N, =832

\rs=500G£:VJ~Ldt=500fb'l SNS+N=11.12 \/S+N/S=0.090

Tomohisa Ogawa (D1)

@ e e L
= $indf  2502/11
m“éd amplitude 9203509 1

mean 125703 1

— Fitted Sig
=== Fitted BG
Sig+BG

0 i
120 125 130 135 140 145
ZH—e*¢ H/u*'wH w/Si  S/N=0.38

- o Mrecoil [GCV]
P(e ,e")=(-80% +30%) Ng;,=1042 N, ;=2740
\s: s=500GerLdt=500fh'l SNS+N=16.94 \S+N/S=0.059

€~ 39.5%

AoHZ/IocHZ ~ 7.7%

€~6.8%

AoHZ/ocHZ ~ 9.0%

AoHZ/ocHZ ~ 5.9%

My Status

200 — mff'_“ +

wn

D400 S
-2 4001 2/ ndf 2727/11 ]
N - & 1
= [ amplitude 930.7 = 53.7 ]
= 300k mean 1259204 ]

— Fitted Sig

= Fitted BG

i G

Cut Base Analysis

2/ ndf 5007/14
amplitude 663.9 +46.0 ]
124804

Fitted Sig

[ itted BG E
150 : FG .
r = ]

1001 - ‘ -

o “_|_|_‘n|;
0 | | .

|
120 130 140
ZH—p*uw'H w/Sc S/N=0.34
. Mrecoil [GeV]
P(e’,e*)=(-80% ,+30%) Ng;,=651 Ny, ;=1908
\s=500GeV f Ldt=500fb" SN'S+N=12.87 \S+N/S=0.078

140 F T T T T T T T T T T T T T T T =
: ¥ /ndf  4785/14 ]
120 + amplitude 167.8+169
9949+ 481

— Fitted Sig

100 E + mean

120 130 140
ZH—e*¢H w/Sc S/N=0.42 M, ...n [GeV]
P e)=(-80% +30%) N, =347 N, =832

\s=500GeV f Ldt=500fb" SNS+N=10.11 \/S+N/S=0.099

200F

100}

ol v v v 0 v b b by
120 125 130 135 140 145
ZH—e*¢ Hu'uH w/Se  S/N=0.36

. Mrecoil [GeV]
P(e’,e*)=(-80% ,+30%) Ng;=999 Ny ;=2740
\Is: s=500GerLdt=500fb'l SNS+N=16.33 \S+N/S=0.061

€~39.4%

AoHZ/cHZ ~ 7.8%

€~6.0%

AoHZ/ocHZ ~ 9.9%

AoHZ/ocHZ ~ 6.1%
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- | Cut Base Analysis
ZH -> lIH @ 500 GeV (e-,e+)=(-80%,+30%)

All cut analysis.
Cut is not optimized.

For now, No notable difference between Si and Sc

Tomohisa Ogawa (D1) My Status
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Back up Slides
ZH -> qgqH @ 250GeV, 350GeV, 500GeV (-0.8, +0.3)

Tomohisa Ogawa (D1) My Status
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Summary of Cross Section (-0.8, +0.3)

- For 250GeV (250fbA-1)

[E250 e1LO0 8 E1RO 3 zh qqh]
xsec = 212.234
xsec*lumi = 53058.5

[4f WW_semileptonic]
xsec = 10992.9
xsec*lumi = 2.74823e+06

[4f ZZ semileptonic]
xsec = 856.927
xsec*lumi = 214232

[4f ZZ hadronic]
xsec = 841.376
xsec*lumi = 210344

[4f WW__hadronic]
xsec = 8706.23
xsec*lumi = 2.17656e+06

[4f singleZee semileptonic]
xsec = 279.625
xsec*lumi = 69906.3

Tomohisa Ogawa (D1)

- For 350GeV (350fb"-1)

[E350 e1L0 8 E1RO 3 zh qqh]
xsec = 142.646
xsec*lumi = 49926

[4f WW_semileptonic]
xsec = 8155.94
xsec*lumi = 2.85458e+06

[4f ZZ semileptonic]
xsec = 564.825
xsec*lumi = 197689

[4f ZZ hadronic]
xsec = 600.841
xsec*lumi = 210294

[4f WW _hadronic]
xsec = 6532.83
xsec*lumi = 2.28649e+06

[4f singleZee semileptonic]
xsec = 309.998
xsec*lumi = 108499

[tt-In4q]
xsec = 76.2609
xsec*lumi = 26691.3

My Status

- For 500GeV (500fb"-1)
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Analysis flow [Follow M.Thomson flow]

- Basically | follow M. Thomson analysis. Visible and Invisible Higgs

Decays at 350 GeV

Mark Thomson & Kelvin Mei
University of Cambridge

- Force jet-clustering into 3-Jets , 4-Jets and 5-Jets .
with Durham algorithm at each event. >“/ :

3-Jet : select the best pare closest to W mass

4-Jet : select the best two pairs closest to Z mass & W mass

. &% Now treat as ZH—qq X €M
5-Jet : select the best two pairs closest to Z mass & W mass ,

* Find that it rarely helps going from 5 — 6:
even if a 6-jet final state, provided reconstruct
two “hard” jets from Z decay OK

So choose between 4 or 5 jet topology:
* Default is to treat as 4-jets

- Default is to treat as 4-jets e

= 5-jet reconstruction gives “better” Z

mass and “better” Higgs recoil mass

5-j et reco n Stru Ctio n g ives “better” = closer to true masses
“better” Z mass and “better” Higgs recoil mass e

= treat as 5-jets % Asimpleplan @

First....

Kill background

with targeted cuts
(as far as possible)

- Then, target cut for BG suppression.

* Main backgrounds are large cross section processes:

A In each case reconstruct event assuming it is the
= Ww background — then use invariant mass...
qq

LCWS13, Tokyo

Tomohisa Ogawa (D1) My Status 28



Target cut for BG suppression
- For 250GeV (250fb*-1) (-0.8, +0.3)

ZH — qgxx

WW-— qqqq ZH — qqxx
AUU':""I""I""I"": 2;200:----|---'|""|"":
0 50 100 150 200 0 NIZI;)O
Othercuts [ visE < 260

ZZ — qqqq
2Ezoo_....,....,.....,...._ EEzoo_....,....
150 - 150
100 - 100
501 - s0l-
ok R Loeov 0] ol
0 50 150 200 0
M,
WW-— qqglv
wwmOrecoil:wwm0
WU T —T— = 200 |
- A ° -
r B (] L
| i 9]
i i =T
150 - 1 = s0r
100 — 100
50 - sol
0 1 1 1 Lae 1 1 1 1 1 1 0- |
0 50 100 150 200 ) o

Tomohisa Ogawa (D1)

150

200

M..

1

My Status

|cosOjet1]| <0.95
|cosBjet2| <0.95

-0.8 < |cos@jet12| <0.0
|cosBZ| <0.75
Pt*2_jet1>1200

90<E z<130

85 <M _z<105
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Target cut for BG suppression
- For 350GeV (350fb”-1) (-0.8, +0.3)

ZZ — qqqq ZH — qqxx
zzm1:z2zm0
209 [ 20— T
i oy D = [ i
150 150
100 100
50 sof-
0 ol
0
= 200 ————
S [
2' L
2-1503
100:—
af
T ' 100 150 200 00_ ———
M;
Tomohisa Ogawa (D1) My Status

WW- qqqq

=200

150

100

50

=200

150

100

50

Other cuts

visE < 360

|cosOjet1]| <0.9
|cosBjet2| <0.9

-0.8 < |cosBjet12]| <0.5
|cos@Z| <0.7
Pt*2_jet1>2500
100<E_z <180

85 <M _z<105




Target cut for BG suppression
- For 500GeV (500fb*-1) (-0.8, +0.3)

200

150

100

50

200 200
= =
150 150
100 100
50 50
0 1
0 0
200 200 ————
= [

. recoil

1

M.
—
wn
<

150

100

100~

50 50—

200

150

100~

50—

Other cuts

Tomohisa Ogawa (D1)

My Status

visE < 510
|cosOjet1] <0.75
|cosBjet2| <0.75

-0.6 < |cosBjet12| <0.78

|cos@Z| <0.7
Pt*2_jet1>2500
100< E_z < 255
85 <M_z <105




Process ZH -> qqH @ 250 GeV (-0.8, +0.3)

£~ 21.4%
AcHZ/ocHZ ~ 3.4%

£~ 21.4%
AcHZ/ocHZ ~ 3.4%

2 -
Sxs00
=

2000 —
1500 |
1000 |-

500 |

0 1 I~ -
80 100 120 140 160 080 100 120 140 160

recoi

Ho | bb | cc ww | ww 2z | 2z | | o | g
qqll |qqqq qqll |qqqq

befo | 14198708 2565 | 2585 262 | 364 | 130 | 1683|1827

aft |3020| 160 572 | 494 61 | 81 | 29 | 364 | 398
19.2~26.7 %

o e (21.3 |22.6 22.3 [19.2 23.3 |22.0 |22.3 [21.6 |21.8

except low statistics chlcrrror

H bb ce WW WW WW ZZ 2Z T

- l_| qqll |qqqq qqll |qqqq| YY | 99

befo | 14194708 600 | 2565 | 2585 262 | 364 | 130 | 1683|1827
19-5"25-4.% aft |2905| 155 136 | 631 | 511 51 | 81 | 33 | 364 | 402
except low statistics = 2150 4 [21.9 22.7 |24.6 [19.8 19.5 |22.3 [25.4 [21.6 |22.0
My Status




Cut Base Analysis

Process ZH -> qgH @ 350 GeV ( -0.8, +0.3)

. ZH—aqqi BV W—aat
. ZZ—qqll . Z7Z-qqqq
[ EWW—aaaa [T A ce

— B tt—vaaaq

21.1~29.9 %

except low statistics chlcrrror

19.7 ~31.5 %

except low statistics ch

Tomohisa Ogawa (D1)

! j -g L .ZH—)Iqu I I i
1 €~27.9% S W 1 €~29.6%
] 600_— [l tt—1vaqaq o
AocHZ/ocHZ ~ 2.1% AocHZ/ocHZ ~ 2.0%
NIIZ(EOI [Ge‘1]8]0 80 100 120 140 NIIZ(ZOI [Ge‘1]8]0
wWW | ww zz y 47 4
H—- | bb | cc m | qqil qqll |qaqq YY | 99 TT
befo (14300677 617 | 2517 289 | 340 | 109 (1752|1809
aft | 4276 | 182 182 | 627 61 91 24 | 446 | 483
€ (299 (26.9 29.5 |25.0 211 |26.7 |22.0 (25.5 [26.7
H— | bb cC WWo | ww
i | qqll
befo {14300 617 | 2517
aft | 4511 177 | 623
€ [31.5 28.7 |24.8
My Status 33



Process ZH -> qqH @ 500 GeV (-0.8, +0.3)

£€~32.2%

26.5~33.9 %

except low statistics ch

H-

befo

27.3 ~36.4 %

except low statistics ch

aft

annel
&

Tomohisa Ogawa (D1)

ries

400

200

= 600

AocHZ/oHZ ~ 3.0%

€~32.0%
AocHZ/oHZ ~ 3.0%

ww
i

WWwW
qqll

551

2557

174

738

31.6

28.9

ww
i

WW
qqll

551

2557

179

721

32.5

28.2

My Status

YY | 99 | TT
124 (1712|1907
36 | 489 | 531
29.0 (28.6 |27.8
YY | 99 | TT
124 | 1712 | 1907
44 | 483 | 521

27.3

34



For now, | can not observe remarkable difference
between SIECAL and ScECAL.

But,

Each cut have not optimized yet.
MI does not keep same efficiency.
Need to try more detailed analysis.
And also apply MVA method.
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