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Top quark mass measurements with CEPC at the t t threshold

* EPJC accepted the paper and it
was published on April 1st.

* From Jan to Mar, we have gone
through 2 rounds (the 2" and 3
times) of reviewer comments.
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Absiract  We present a study of wp guark mess measure-
ments al the of threshold based on CEPC. A centre-ol-menss
Energy SCan near lwo lmes of Uhe bopquark mess is performed
and the measaremen] precsnm ol lop quark mass, width and
o ame evalualed using the 1 production rates. Realistic scan
sirategses al the threshold are discussed w maximise the sen-

sitrvity 1o the messarements imdrvsdually and simulaneously
i the CEPC scenarnes assum
i 100 Th—!. With the optimal scan for individiual propenty
measurements, the lop quark mass precision 15 expected 1o
be 9 MeV, the op guark width precision i3 expected 1o be 26
MeV, and @ can be messured a1 a prec 1 of (LAY, con-
sidering king
width, ez, expen-
mental ellicsency, background sublraction, beam energy and

a total luminosity lmited

nio account

nly the statistical uncertainty

the systemsine uncertamties from th

luminosily spectrum, the lop quark mass can be measured al
a precision of 25 Me ¥ optirasbically and 59 Me¥ conserva-
tvely at CEPC.

1 Iniroduciion

Top quark, the beaviesl lundamental particle observed so lar,
plays an important rode in the Standard Model (SM). I pro-
vides the strongest couplng w the SM Higgs boson and opens
doors 1o new physscs bevond the SM (BEM). Tall now, the
rop guark miass have only been measured ar hadnon
.. the Tevatron and the Large Hadron Collider (LHC), using

ions,

hee direct reconstre ool the invanant mass ol the topquark
decay products, In futune electron—positron colliders the Lop
guark mass can be measured not only by the direct recon-
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struction bul also by a scan on the centre-of

the s threshold. The cross-section of ¢f me;
threshold and

the centne-of-miass energy goes lhrough the
depes as, which
provides a sensilive probe Lo hese measuremenls. This is the
so-called threshobd-scan method that was discussed for wop

& stromgly om lhe Lop quark mass, width

guark mass measurements al an elecron—positron collider
[1-4].

In experiments, the top quark mass has been measuned
by e the direct reconstruction ol the lop quark decay
products as 174302 0035 (2al. p = (.54 (sysL) Ge'y (rom the
combined resulis of CDF and DO = Tesatron | 5], 172.60 +
0.25 {stan ) 0.4 1 (syse pGeV' with ATLAS [6] and 172,44 +
0,13 istan & 047 (syse pGeV with CMS | 7] at the LHC. The
precisson Ll now i3 aboul hall a Gey and il s manaly lmabed

by the syslemalic uncertanties thal are ool easily reduced i
the Tutune. On the conlrary, the threshold-scan method has
been widely used [8.9] and shown good performance with
a statstscal uncertumy of op quark mass measurement al
EP10) Me'V thar was stsdied previously with ILC, CL
FOC-ee | 10-14].

The threshold-scan method also provides a theoretcally
well defined mass that can be caloulated wath a high degree

and

of precision and can be easily converted 1o varmous theonel-
ical schemes. This is dafficult w0 be realised in the recon-
structed 1op quark mass peak method in whech the generated
mass peak 15 wsually wsed as a template o 6 o the ohserved
. The recent progresses m e inlerpretation of the necon-
structed Lop quark mass measunemenls are reviewad in Rel.
[15].

In this anicle, we discuss the threshold-scan method and
propose realistic scan sirategies Tor the wop quark mass mesa-
surements with electron-positron collisions based on the Cir-
cular Electron Posstron Collider (CEPC). The expenimental
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29 reply to reviewers

* In our study, we use ‘quick-scan’ method to roughly locate the best Ecm
point to measure the properties.
* They doubt if we have no assumption on top mass, this method will work or not.
* We scan the points far away from default assumption (171.5 GeV), and show that in
these points the values of NLL are not accepted.
* We updated cross-section stats error as 1.07%.

* We updated the uncertainty of width variation (0.19GeV->0.14GeV), but little
Improve because of their similar cross-section.



3" reply to reviewers

* We updated how the top mass uncertainty would change as a function
of the uncertainty on the efficiency:
* 0.5%: 4.5MeV
* 1% 9MeV
e 3%: 2/MeV
* 50%: 45MeV

* We updated the uncertainty by varying the beam energy with the
minimal step that the CEPC beam energy can move with, which is 3
MeV.

* We updated the uncertainty of efficiency with the 6-point scheme,
which shows no obvious Improvement compared with 1-point scheme.



H/a

* The HZZAnalCode Framework were tested and adjusted for Hza
Process.

* Background and signal samples are generated with the
framework, but still need to adjust something.



Sensor Irradiation

* Use Mini-sensor to do Irradiation test.

* Mini-sensor Is the offcut of the sensor. By irradiating the mini-sensor we
can get the performance of the sensor.

* The Irradiation use the associated proton beam of CSNS.

* |If a reliable procedure can be built, we can have our own sensor
Irradiation test site in CSNS.



Sensor Irradiation

* We went to Dongguan CSNS.

* The test i1s on China Spallation Neutron Source
(CSNS) Associated Proton Experiment Platform

(APEP, fFERFRILIEF 7).

* 80MeV proton beam will be shot on the
sensor, and after the irradiation the sensor will
be taken back and do some test.

* Work going on: Use Geant4 to simulate the
Irradiation.

* Done: Simulate the deposit energy, compare with
theoretical value to check the problem.

* Going on: Simulate the |V of the sensor, to
understand the process.




Thank you!
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