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Research Plan

(ongoing and in near future)

€ recoil mass study using leptonic channels
e+e- 2 ZH - p+p-H  (e+re-H)

at alternative
center of mass energies (ECM)
and beam polarization

Higgs recoil against di—lepton system 7

ﬂ’ifi- = {P{’_L’L-f - [p,u'i' +p#‘:]]

Goal:

precise model-independent measurement of absolute Higgs cross section

a “must—have” for measurement of total Higgs width and Higgs couplings

- study impact of ECM and polarization on precision of 0 ,, and m,
=>» contribute to decision for ILC run scenario




Current Status

€ analysis done for Z>mumu channel at ECM = 250 GeV, 350 GeV
- see results presented at AWLC2014

@ recently also for ECM =500 GeV

comparisons made between ECM and polarizations (e-, e+) =(-0.8, + 0.3) and (+0.8, -0.3)

@ restructuring of analysis methods

Detailed Plans (including further future)

€ analysis for Z>ee channel at ECM = 250 GeV, 350 GeV, 500 GeV
combine both leptonic channels for a reliable estimate of statistical errors at each ECM
@ also do analysis for ZZ fusion process

€ study systematic errors
e.g. effect on Higgs recoil mass measurement

Luminosity Spectrum (distribution of luminosity w.r.t. actual collision energy)
due to beam related factors
e.g. Beamstrahlung, beam energy spread, accelerator and beam related issues




Data Selection Method

Signal sighature

a pair of isolated energetic muons with

di-lepton invariant mass (M . ) close to Z mass

M-

2
M% = (pem — (Pu+ +Pu-))
Recoil mass

Dominant backgrounds

cete-2>7ZZ~> p+p-X :  forward Z production angle

cete-2>yYZDy Mt - energetic y, pt balanced with di-lepton

ete-D>WW> p+p-vv: broadM,,, distr.

recoil mass effective for cutting BG




Muon Candidate Selection

opposite +/— 1 charge
E_cluster / P_total < 0.5

isolation (small cone energy) Optimized in terms of signal significance and

Xsec measurement precision
- removes nearly all 4f WW_s| BG

definition

* M_inv :invariant mass of 2 muons
cos(track angle) < 0.98 & |D0/6D0| <5 « pt_mumu : pt of reconstructed muons
* pty: ptofmostenergetic photon
* 0 _Zpro =Z production angle

Minv closest to Z mass

Final Selection

*73< GeV< M_inv< 120 GeV

* 10 GeV < pt_mumu < 140 GeV » Use info of cone energy around most
energetic gamma

0]
. ‘ ‘Ptsum Pt,g+Pt,dl‘ >10 GeV - cut 2f Z BG using info on pt_Y while
prevent bias on signal

* |cos(0_Zpro)| <0.9

*120 GeV < Mrecoil < 140 GeV

ECM=350 GeV, (-0.8,+0.3) similar methods for other ECM and polarizations

e Likelihood cut ‘




sig aff

Nsig Mbg S/B ratic  significance (before Mrec)
Ecm=350 GeV Performance of
(-08+0.3) 1172 2068 0.57 20.6 51% (B3%) data selection
(+08-03) 776 774 1.00 19.7 49% (83%)
Ecm=250 GeV
(-0.8+03) 1579 2831 0.56 23.8 61% (72%)
(+08-03) 1182 1182 1.00 243 68% (72%)

original aftar after final
dominant BG after pol: (=0.8+0 3'.: in‘i"- mass F.'LELI"" cut
final selection pt.dl cut
(Mrec 120-140 GeV + EESFRFY 2288 2004 2003 1172
Likelihood cut)
Bal ; ] 5 af 27 sl 188125 16962 16824 8H9
di:ae';::n SRR i 7owwMix] 541187 19295 19225 125
Al 2227000 85335 21248 269
4F WW s 2732980 17 17 0

Isolated lepton finder
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Sig + BG (blue) hist_recoil BG hist_recoil_all , _ _
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Many challenges
Fitting over a wider range 115 — 225 GeV * lower signal cross section

* signal peak buried in BG

From Toy MC study, *Difficulties in fitting

500 GeV xsec error 6— 8% Zmumu signal xsec
«250 GeV : 17.14 fb

«350 GeV: 1131 fb
«000 GeV: 5.679 fb
(~ 1/2 of 350 GeV, 1/3 of 250 GeV)
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Fitting over a wider range 115 — 225 GeV

Better xsec error inthiscase ~ 5%
we can still achieve this if we use the appropriate fitting function (?)



. . hist il_all
recoil mass fitting method Fit range: 100-160 GeV hist_recoil_all

Entries 70166
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 Fit signal with GPET

1%
(=]

o
(=]

Gaussian Peak with Exponential Tail

« Fit BG with 3" order polynomial

I
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€ SIGNAL: GPET: 5 parameters : R O mass [GeV)

a B xl’nean é

8 S £k5 Gaus (left—side) ,

u
G
¢

Gaus + expo (right side)

021:] ‘I' xR - xmean G;J
_E%+(1- b) expi - kgT%exp(k2 /2)

Toy MC study Toy MC 10000 seeds s 52,3:“3; recoi all “'1‘1‘,,}:;

RMS 16.68
o o o C 2 [ ndf 373.7/338
goal: test quality of fitting method T height 7748+ 349

mean 125.6 + 0.1

evaluate xsec precision
method:
generate MC events according to fitted “real” data

(Poisson distr.)

fit MC hist with same function as “data” = get Nsig, O S S |

recoil mass [GeV]




Compare of results between alternative ECM and polarizations

Ecm=250 GeV Ecm=350 GeV Ecm=500 GeV

(-0.8,+0.3) 3.5% (-0.8,4+0.3) 4.1% (-0.8,4+0.3) 6.1%

(+0.8,—0.3) (+0.8,-0.3) (+0.8,-0.3)

Current ( April, 2015)

xsec precision is improved by 17%

from AWLC 2014 (@Fermilab)
for ECM=350 GeV Pol (-0.8 + 0.3)

& ECM=250 GeV has 17 % better xsec precision (w.r.t. 350 GeV)

higher statistics, better momentum resolution = sharper recoil mass peak

¢ Pol (+0.8, -0.3) has 10% worse xsec precision

although WW BGs significantly suppressed (higher S/B ratio), statistics is lower



Toy MC study results
Fitted Higgs mass

Statistical error (RMS) is :
105 MeV (0.08%) for ECM=350 GeV

and

39 MeV (0.03%) for ECM=250 GeV

systematic bias of fitted mass still
need to be studied
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Study Plans in the Future :
Evaluation of Luminosity Spectrum

Due to beam—beam effects,

collision occur below nominal ECM
ie. ECM” <ECM =» luminosity spectrum (dL/dE,, )

. e k led f Beamstrahlung
-5 N
precision measurements require knowleage ot O 10 > dL/dE,,

e.g. Top mass, Higgs recoil mass , etc---+-- : T T T
0 02 04 08

08_ 1
x=\s"s

accelerator and beam—beam factors affect ECM
*ISR, beamstrahlung, beam energy spread

Top pair production xsec
depend on geometry and energy correlation of colliding bunches = o
= 1 [ —— Barecross—sectlon : e i
difficult to simulate/ calculate wB : +beam spread |
= [t beamstrahiung ]
— 0.8 T - +ISR i -
Goal of study a rough vision 0.6 = Lol s f."f???béafmfs_trahlung_:
e precisely evaluate Luminosity spectrum Tl IR PURE RS s
and study its effects on physics 0.4 oo ISR .
* systematic errors from beam & detector factors, i 1
physics BG 0.2] B
* hope to apply some past accelerator experiences | = |Leme== TR

s [GeV]

airiill S I PRI PR 4 P B .|
q.!d[l 342 344 346 348 fﬁ-ﬂ 352 354 356 358 360
Doctoral Thesis

. ) ref) Filimon Gournaris,
Evaluate effective cross section

> correct for beam beam effects top mass and top-Yukawa coupling

measurement by threshold scan
N\ X

seﬁ — Q max dx XL()C)S (X\/E) beam effects smear / shift resonant peak




Luminosity Measurement

precision monitor to measure L : LumiCal

*2.5m from IP | 30-80 mrad
2 calorimeters: W absorber, Si sensor pads sandwiched

Use Bhabha scattering to measure Luminosity L=N;/o;
well known properties and sufficient statistics: goal precision: AL/L<2x103
Measures angle (0) and E of scattered e+e-

—{ reconstruction of luminosity Spectrum dL/dE,,’

1. makea model for energy spectrum dL/dE.,,
2. generate bunch-by-bunch Bhabha scattering events , smear with beam-beam effects
3.  testreconstruction of dL/dEg,,’

observe dependence of model precision on beamstrahlung, assumptions, ect...

F1 wv< F2

Strategy: (1) reconstruct L spec as a function of X’ = ECM’ / ECM 16°

E/Egeam

x’ measured using acollinearity of outgoing particles 102
" ] " ] ] ) r 10
However, if we aim for higher precision, it is not so easy

need to boost of initial system, energy correlation between 2 particles

(2) reconstruct L spec using a template fit using info of both E and 0 10"




currently working on Higgs recoil study using e+e- 2 ZH 2 p+u-H

Summary @ ECM = 250 GeV, 350 GeV (and recently 500 GeV)
« studied impact of ECM and polarization on model — independent measurement of ZH xsec
« contributes to deciding ILC run scenario and detector design optimization

° - o
< [Prelfimfingmy resulis & ECM= 250 GeV has better Ac/c by 17% w.r.t. 350 GeV

350 GeV: (-0.8,+0.3) Ac/oc=4.1 %

(+0.8, -0.3) has 10% worse Ac/ o
(+0.8,-0.3) Ac/0c=4.5%

better S/B, but lower statistics

250 GeV: (-0.8,+0.3) A6 /c=3.5% - Higgs mass precision is worse at ECM=350 GeV by a
(+0.8,-0.3) Ac/0=3.6 % factor of 3

*xsec precision improved significantly (by ~ 17 %) from AWLC 2014 (350 GeV, (-0.8, + 0.3)
« efforts made to minimize signal bias i.e. prevent Higgs decay mode dependence

Preliminary results for the challenging ECM = 500 GeV:
* Ao /o >5% (optimistic scenario), Ac /o> 10% (pessimistic scenario )

Future Plans

* analysis for Zee channel , and ZZ fusion process
—> full evaluation of statistic errors for all ECM and polarization by combining both leptonic channels
* study systematic errors, including Luminosity spectrum




BACKUP
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Compare of results between alternative ECM and polarizations

Ecm=250 GeV Ecm=350 GeV Ecm=500 GeV

(-0.8,+0.3) 3.5% (-0.8,+0.3) 4.1% (-0.8+0.3) 5.3% (10%)

(+0.8,-0.3) (+0.8,-0.3) (+0.8,0.3) 5% (13%)

inside () :
float BG normalization for Toy MC

] Due to lack of statistics, may not be
Current ( Aprll, 201 5) able to reliably estimate Bg levels at

xsec precision is improved by 17% 500 GeV (7)

from AWLC 2014 (@Fermilab)
for ECM=350 GeV Pol (-0.8 + 0.3)

& ECM=250 GeV has 17 % better xsec precision (w.r.t. 350 GeV)

higher statistics, better momentum resolution = sharper recoil mass peak

¢ Pol (+0.8, -0.3) has 10% worse xsec precision

although WW BGs significantly suppressed (higher S/B ratio), statistics is lower
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160

BG level fluctuation
Is controlled by
fitting recoil mass

over a wide range
(100 - 160 GeV)

This is an improvement
from previous studies

* BG level is usually fixed for Toy MC (optimistic scenario)

xsec error is about 10 % worse if we float BG (pessimistic scenario)
not a big degradation since I fit recoil mass spectrum over a wide range

GOOD

A o/0 (fix BG) A 0/ 0 (float BG)
—



Measures were taken to prevent signal bias i.e. Higgs decay mode dependence

« the “traditional” dptbal (= |Ptdl| - |Pt, 7|) cut
for removing 2f BG (¥ back—to back w.r.t. di—lepton)
used to be a concern for signal bias (esp. H> 7 7,H> rr)

* ijsolated photon finder:
confirms almost all ¥ we look at have small cone energy) i.e. not from Higgs decay

- ] Entries 83992
v J distr. of Pt>sum poan 991
C ‘red: 2f Z BG
T -Blue: Higes .
- | Now use Bl  [BgtBa
EA ot (instedd of dptbal)
oil Pt_sum <10 GeV contains info on vector direction
- | to s?ngle out back to back events
U.US:—
0 0 20 40 60 80 I‘IDUI I12':]I 140 I‘IELUI



Owing to the improved data selection methods,

Higgs decay mode dependence is minimized

Shows effect of isolated }y finder

total signal loss due to Pt_sum < 10 events overall distr. of PDG of 7 parent |PR
:_Most of the time, Entries 10189
out of this C no photon Mean  22.89
: i 25. RMS  3.097
events with 7 from Higgs decay < 1 N . '
Y gg Yy - 22: ISR Higgs decay
for any ECM, polarization s <1% \ <1%
of- /
distr. of 2 =l P +p E_+/— 13 FSR(u)
t,sum t,9 t,dl B I
0I1_ f I 0: I 1 I 1 | 11 | 111 111 | 1 1 | 111 | 111 | 111 | L1
i Entries 12 14 16 18 20 22 24 26 28 30 32
L 10 C;?.eV Mean 67.-
008~ RMS 32
i Evefnts with .
0os- ISR 7 Eyents with y|from
B \ Higgs decay
i L /
0.04—
0.02:— no Higgs decay mode bias caused by Pt sum cut
0 N nil | | L B | 1 | 1 |1é0| 1
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Luminosity measurement: hardware

Bhabha scattering xsec strongly dependenton 8 : do /d6~03
* luminosity measurement especially sensitive to Omin : AL/L~2*A6/6
goal precision : ABmin < 103 mrad, inner radius < O(um), O res. <2.2x10 mrad

*Optimization of alignment and segmentation of LumiCal sensor pads
on-going by FCAL group

B0

G0

dar_Jd [phi[0.5 mrad)]

a0

20

70

a0 50 60

i [rad]

. . . . H. Abramowicz et al,
‘ Luminosity measurement: PhySICS \ “Forward Instrumentation forILC Detectors”

fiducial volume -

boost of collision frame due to beam-beam effects (acollinearity)
e.g. random, asymmetrical beamstrahlung / ISR _
. . . serious for nm beam
-0 acceptance loss 2 luminosity reduction . .
size and high E,

¢ L measurement systematic error can be corrected
measure scattered angle - calculate boost 2 weigh event-by-event

sin (g +a5") 0" dq(ds 1dq)
b, = - min
= Gl | z“b):> w(b,) é’fiﬁidq(ds/dq)

< \ .
[ ”
m ”
= =y
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P Bm" max
s
Fd
1- boost
’ .
-
4 [
O
B. Jel isavdi€ et al,
“Luminosity Measurement at ILC” [tano,|
1



FEHARDEZEH 2L luminosity spectrum dL/dE.,, DFEHHITE
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e 1F 10" FBéamstrahlung |
i€ 3 D simulation tool: é 10° S10% (& BdL/dE,
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S/B ratic  significance sig off Ac/o {uml- . Compare with results from
L IMproveame -
. : g AWLC2014 (Fermilab)
Ecm=350 GeV

(-0.8+40.3) 057 20.6 51% 4.1% 17%

(+0.8-0.3) 1.00 19.7 49% 4.5% 1%

Ecm=250 GeV

(-08+0.3) 056 23.8 61% 3.5% 3%

(+0.8-0.3) 1.00 24,3 8% 3.6% —8%

S/B ratio  significance sig eff A o/o(MC)

Ecm=350 GeV
(-08+0.3) 040 17.7 48% 4 9%
(+08-03) 075 17.8 48% 5.0%
Ecm=250 GeV
(-08+03) 027 21.7 B6% 1.6%

(+0.8-0.3) 081 22,7 G4% 3.3%




Compare of results between alternative ECM and polarizations

A 0 /0 (Toy MC) Current ( April, 2015)

Ecm=350 GeV xsec precision is improved by 17%

(-0.8,+0.3) 4.1% from AWLC 2014 (@Fermilab)
for ECM=350 GeV Pol (-0.8, + 0.3)

(+0.8,-0.3) 4.5%

Ecm=250 GeV
(-0.8,+0.3) 3.5%

(+0.8,-0.3) 3.6%

& ECM= 250 GeV has 17 % better xsec precision (w.rt. 350 GeV)
higher statistics, better momentum resolution = sharper recoil mass peak

¢ Pol (+0.8, -0.3) has 10% worse xsec precision
although WW BGs significantly suppressed (higher S/B ratio), statistics is lower




Relative results _
ECM = 350 GeV

vs 250 GeV

NSEC 8rT /

Ecm=350 GeV Ecm=350 GeV

(-0.8,+0.3) 1.17 (+0.8,-0.3)
Ecm=250 GeV Ecm=250 GeV

(-0.8,+0.3) (+0.8,-0.3)

Comparing

polarization WSEL SFF
\ Ecm=350 GeV Ecm=250 GeV

(-0.8,+0.3) (-0.8,+0.3)

(+0.8-0.3) 1.10 (+0.8,-0.3)




