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学術変⾰Aとは
• R2年度から始まった科研費・新学術領域の後継種⽬

• 学術変⾰Bは若⼿のみの⼩型版でAの⽅が新学術に近い
• 総括班と複数の計画研究、公募研究からなり、互いに連携しながら⼤きな⽬標を達成する
• 期間は5年間（のみ）、3億円/年（ただし、真に必要な場合は増額可）

• 充⾜率90%、公募研究に20%配分とすると、15億×0.9×0.8 = 10.8億。
• 中間評価・事後評価がある（書⾯＋ヒアリング）
• 複数の計画研究代表者が 45才以下
• 重複制限が厳しいので注意（学変A同⼠の「分担ー分担」も不可）
• 最初に提出するのは「領域計画書」、ヒアリングに通ったら「研究計画調書」
• R3年度は不採択。所⾒が出てない。

• 6⽉に領域計画書提出。10⽉下旬にヒアリング通知。すぐに計画研究の研究計画調書の提出
が必要。

• ここまで⼀部の参加者で議論してきたが、今⽇は参加者全てと⾃由にサイエンスの話をした
い。科研費と関係なく共同研究が進むとよい。

20%以上 or 15件以上
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㸱 ◊✲✀┠の内容 

 

 

学⾡変㠉㡿域◊✲㸦㸿・㹀㸧  

〔学⾡変㠉㡿域◊✲㸦㸿㸧㸸⛉学◊✲㈝⿵助㔠〕 

〔学⾡変㠉㡿域◊✲㸦㹀㸧㸸⛉学◊✲㈝⿵助㔠〕 
  

  

(1)学⾡変㠉㡿域◊✲㸦㸿㸧 

 
ア㸧┠ⓗ 

ከᵝな◊✲⪅のඹ๰と⼥ྜによりᥦ᱌された◊✲㡿ᇦにおいて、これまでのᏛ⾡の体⣔や᪉ྥを኱

きくኚ㠉・㌿᥮させることをඛᑟするとともに、ᡃがᅜのᏛ⾡Ỉ‽のྥ上・ᙉ໬やⱝᡭ◊✲⪅の⫱ᡂ

につながる◊✲㡿ᇦの๰ᡂを┠ᣦし、ඹྠ◊✲やタഛのඹ⏝໬➼のྲྀ⤌を㏻じてᥦ᱌◊✲㡿ᇦをⓎᒎ

させる◊✲。 

 

イ㸧対㇟ 

Ꮫၥศ㔝に᪂たなኚ㠉や㌿᥮をもたらし、᪤ᏑのᏛၥศ㔝のᯟに཰まらない᪂⯆・⼥ྜ㡿ᇦの๰ᡂ

を┠ᣦす◊✲㡿ᇦ、ཪはᙜヱᏛၥศ㔝のᙉいඛ➃ⓗな㒊ศのⓎᒎ・㣕㌍ⓗなᒎ㛤を┠ᣦす◊✲㡿ᇦで

あって、ከᵝな◊✲グループによる᭷ᶵⓗな㐃ᦠの下に、᪂たなどⅬやᡭἲによるඹྠ◊✲➼の᥎㐍

により、㠉᪂ⓗ・⊂๰ⓗなᏛ⾡◊✲のⓎᒎがᮇᚅされるもので、ḟの 1)㹼3)の඲てのせ件ཬびヱᙜす

るሙྜは 4)のせ件を‶たすもの。 

 

1) ᇶ♏ⓗ◊✲㸦ᇶ♏からᛂ⏝へのᒎ㛤を┠ᣦすものをྵむ。㸧であって、」ᩘのศ㔝にまたがる◊

✲㡿ᇦの๰ᡂや㠉᪂ⓗなᏛ⾡◊✲のⓎᒎがᮇᚅされるもの。 

2) 「(ⅰ)ᅜ㝿ⓗなඃ位ᛶを᭷する㸦ᮇᚅされる㸧もの」、ཪは「(ii)ᡃがᅜᅛ᭷のศ㔝ⱝしくはᅜ

ෆእに౛をぢない⊂๰ᛶ・᪂つᛶを᭷する㸦ᮇᚅされる㸧もの」。 

3) ◊✲ᮇ㛫⤊了ᚋに、ಶ々の◊✲ㄢ㢟について༑ศなᡂᯝがᮇᚅされるとともに、これまでのᏛ⾡

ศ㔝のᴫᛕや᪉ἲㄽをኚ㠉することなどが◊✲㡿ᇦのᡂᯝとして༑ศにᮇᚅされるもの。 

4) 㐣ཤに「᪂Ꮫ⾡㡿ᇦ◊✲㸦◊✲㡿ᇦᥦ᱌ᆺ㸧」ཪは他の◊✲㈝ไᗘにおいて᥇ᢥされた◊✲㡿ᇦ

を᭦にⓎᒎさせるᥦ᱌については、ᙜヱ◊✲㈝でᮇᚅされたᡂᯝが༑ศにᚓられており、それま

でのᡂᯝを㋃まえ、᭦にᙉいඛ➃ⓗな㒊ศのⓎᒎ・㣕㌍ⓗなᒎ㛤をᅗるෆᐜとなっているもの。 

 

ウ㸧応募㔠㢠 

㸯◊✲㡿ᇦのᛂເ㔠㢠は、༢ᖺᗘᙜたり 5,000 万෇以上㸱൨෇までとします。 

なお、┿にᚲせなሙྜには、㸯◊✲㡿ᇦのᛂເ㔠㢠の上㝈を㉸えるᛂເもྍ⬟です。 

 

   ※ 㸯◊✲㡿ᇦの༢ᖺᗘᙜたりのᛂເ㔠㢠の⥲㢠が㸱൨෇を㉸える◊✲ィ⏬のྲྀᢅい 

ᚲせとする⌮⏤を㡿ᇦィ⏬᭩のヱᙜḍにヲ⣽にグධをồめ、そのᚲせᛶについてᑂᰝを⾜います。 

 

エ㸧◊✲期㛫㸦㡿域タ定期㛫㸧 

㸳ᖺ㛫㸦ᕥグ以እの◊✲ᮇ㛫のᛂເはᑂᰝに付しません。㸧 

 

オ㸧採択予定㡿域数 

令࿴ඖ(2019)ᖺᗘ᪂Ꮫ⾡㡿ᇦ◊✲㸦◊✲㡿ᇦᥦ᱌ᆺ㸧の᥇ᢥᩘ㸦㸯㸶◊✲㡿ᇦ㸧とྠᩘ⛬ᗘの᥇ᢥ

を予ᐃ 

 

カ㸧審査区分 

ᛂເに㝿しては、◊✲ィ⏬のෆᐜに↷らし、ᑂᰝをᕼᮃする༊ศを以下のうちからᚲず一つ㑅ᢥし

てください。 

「学⾡変㠉㡿域◊✲区分㸦Ⅰ㸧」 主に大区分「㸿」の内容を中心とする◊✲ㄢ㢟。 

「学⾡変㠉㡿域◊✲区分㸦Ⅱ㸧」 主に大区分「㹀」「㹁」「㹂」「㹃」の内容を中心とする◊✲ㄢ㢟。 

「学⾡変㠉㡿域◊✲区分㸦Ⅲ㸧」 主に大区分「㹄」「㹅」「㹆」「㹇」の内容を中心とする◊✲ㄢ㢟。 

「学⾡変㠉㡿域◊✲区分㸦Ⅳ㸧」 主に大区分「㹈」「㹉」の内容を中心とする◊✲ㄢ㢟。 

㸦ྛ኱༊ศのෆᐜについては、ู⾲㸰「⛉Ꮫ◊✲㈝ຓᡂ事ᴗ ᑂᰝ༊ศ⾲」㸦㸴㸲㡫㸧をཧ↷してくだ

さい。㸧 
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キ㸧◊✲㡿域の構成㸦基‽を‶たしていない応募◊✲㡿域は審査に付しません。㸧 

・◊✲㡿ᇦは、「ィ⏬◊✲」ཬび「බເ◊✲」によりᵓᡂしてください。 

・「ィ⏬◊✲」は、「⥲ᣓ⌜」と「⥲ᣓ⌜以እのィ⏬◊✲」によりᵓᡂされます。 

・「⥲ᣓ⌜」をᚲず一つタけてください。また、「⥲ᣓ⌜以እのィ⏬◊✲」ཬび「බເ◊✲」をそれ

ぞれ┦ᙜᩘタけてください。 

・「⥲ᣓ⌜」は、主に◊✲㡿ᇦ඲体のマネジメントをᐇ᪋するための⤌⧊です。◊✲のᐇ᪋を┠ⓗと

するィ⏬はㄆめません。 

・ḟ代のᏛ⾡のᢸいᡭとなる◊✲⪅㸦令࿴㸰(2020)ᖺ㸲᭶㸯᪥⌧ᅾで㸲㸳ṓ以下の◊✲⪅㸧を◊✲代

⾲⪅とする「⥲ᣓ⌜以እのィ⏬◊✲」が」ᩘྵまれる㡿ᇦᵓᡂとしてください。 

・◊✲ᮇ㛫の㏵中からィ⏬◊✲を㏣ຍすることを᝿ᐃしたィ⏬はㄆめません。 

・「බເ◊✲」は、◊✲ᮇ㛫は㸰ᖺ㛫㸦㡿ᇦタᐃᮇ㛫の㸰㹼㸱ᖺ┠ཬび㸲㹼㸳ᖺ┠㸧とし、㡿ᇦタᐃ

ᮇ㛫の㸯ᖺ┠に令࿴㸱(2021)㹼令࿴㸲(2022)ᖺᗘศ、㸱ᖺ┠に令࿴㸳(2023)㹼令࿴㸴(2024)ᖺᗘศ

のබເを⾜い、ḟの᭱低ᇶ‽のいずれかを上ᅇるようタᐃしてください。その㝿、᭱低ᇶ‽を上ᅇ

るにとどまらず、Ꮫ⾡ኚ㠉㡿ᇦ◊✲㸦㸿㸧の┠ⓗཬびᙜヱ◊✲㡿ᇦの≉ᛶを㋃まえ、ᙜヱ◊✲㡿ᇦ

の◊✲のᖜᗈいⓎᒎを┠ᣦす上でᚲせな件ᩘཬびᚲせな㔠㢠とするようດめてください。 

○㸯ᖺ┠と㸱ᖺ┠それぞれの᥇ᢥ┠Ᏻ件ᩘが㸯㸳件を上ᅇること 

○බເ◊✲にಀる⤒㈝の⥲㢠㸦令࿴㸱(2021)㹼令࿴㸴(2024)ᖺᗘのྜィ㸧が◊✲㡿ᇦ඲体の◊✲⤒

㈝㸦㸳ᖺ⥲㢠㸧の㸯㸳㸣を上ᅇること 

 

 

○◊✲㡿域の構成及び役割 

 

ィ⏬◊✲ ⥲ᣓ⌜ ◊✲㡿ᇦの඲体ⓗな◊✲᪉㔪の⟇ᐃ、企⏬ㄪᩚ、◊✲ᨭ᥼ά 㸦ືᅜ㝿άື

ᨭ᥼㸦◊✲㡿ᇦのᅜ㝿ᒎ㛤を㐍める上で᭱㐺な᪉㔪の⟇ᐃ㸦⌧ᅾ⾜われて

いるᅜ㝿ⓗ◊✲のⓎ᥀による◊✲㡿ᇦのᙉ໬、᪂たなᅜ㝿ネットワークの

㛤ᣅ➼㸧、ᅜ㝿ⓗなືྥศᯒ、ᨭ᥼ά 㸦ືᅜ㝿ඹྠ◊✲の᥎㐍やᾏእネット

ワークのᙧᡂ㸦ᅜ㝿ⓗにホ౯の㧗いᾏእ◊✲⪅のᣍ⪸やポストドクターの

┦互ὴ㐵➼㸧㸧㸧、◊✲㡿ᇦෆでඹ⏝されるタഛ・⿦⨨の㉎ධ、㛤Ⓨ、㐠⏝

ཪはᐇ㦂ヨᩱや㈨ᮦのᥦ౪など㸧➼を⾜う⤌⧊㸦◊✲を⾜わない⤌⧊㸧 

⥲ᣓ⌜以እ

のィ⏬◊✲ 

◊✲㡿ᇦをⓎᒎさせるため、㡿ᇦ代⾲⪅㸦「⥲ᣓ⌜」の◊✲代⾲⪅㸧が、

ᙜヱ◊✲㡿ᇦに㛵する◊✲を⾜う⪅をあらかじめ⤌⧊して、ィ⏬ⓗに㐍め

る◊✲ 

බເ◊✲  一人の◊✲⪅が、ᙜヱ◊✲㡿ᇦの◊✲をより一ᒙ᥎㐍するために「ィ⏬◊✲」と㐃ᦠ

しつつ⾜う◊✲ 

 

ὀ㸯㸬බເ◊✲の㔠㢠をタᐃする㝿は、㸯ㄢ㢟ᙜたりの◊✲㐙⾜が༑ศྍ⬟な◊✲⤒㈝をィ上してください。 

㸰㸬◊✲㡿ᇦをຠ⋡ⓗにⓎᒎさせるため、◊✲テーマや◊✲㡿ᇦにおけるᙺ๭などにより、「ィ⏬◊✲」

や「බເ◊✲」をグループ໬した◊✲㡯┠をタᐃすることができます。 

㸱㸬◊✲代⾲⪅の交᭰は、「⥲ᣓ⌜」以እはཎ๎ㄆめられません。ィ⏬◊✲代⾲⪅がḞけたሙྜ㸦Ṛ亡

➼㸧は、⛉Ꮫᢏ⾡・Ꮫ⾡ᑂ㆟会におけるᑂᰝを⤒た上で౛እとしてㄆめられるሙྜがあります。 

㸲㸬「⥲ᣓ⌜」◊✲ㄢ㢟の┤᥋⤒㈝を、ᙜヱ◊✲㡿ᇦの他の◊✲ㄢ㢟の◊✲を㐙⾜するために┤᥋ᚲせと

する⤒㈝として㓄ศすることはㄆめられません。 
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㸲㸧「研究分担者㸦新規・継続㸧㸦甲欄㸧　→　研究分担者㸦乙欄㸧」型　

計画
研究
※

総括
班

計画
研究

総括
班

計画
研究

総括
班

計画
研究

総括
班

計画
研究

一般 一般 一般 㛤拓 萌芽

新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規 新規

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

分
担
者

学術変㠉㡿域
研究㸦㸿㸧

計画研究 新規 × 㸫 × × × ×

学術変㠉㡿域
研究㸦㹀㸧

計画研究 新規 × × × 㸫 × ×

総括
班

計画
研究

総括
班

計画
研究

新規 新規 新規 新規

分
担
者

分
担
者

分
担
者

分
担
者

新規 × × × ×

継続 ▲ ▲ ▲ ▲

空欄㸸双方の研究課㢟とも応募できる　　　

　㸫㸸同一研究㡿域内においては、研究代表者、研究分担者を問わず、一つの研究課㢟㸦「総括班」を㝖く。㸧にのみ応募できる

　　㸦甲欄の継続研究課㢟を有する場合は、乙欄の研究課㢟に応募できない㸧

　×㸸一つの研究課㢟にのみ応募できる㸦甲欄の研究課㢟に応募した場合には、乙欄の研究課㢟に応募できない㸧

　▲㸸乙欄の研究課㢟に応募できない㸦甲欄の継続研究課㢟の研究のみ実施する㸧

斜線㸸甲欄、乙欄の㔜複応募はあり得ない

分担者

分担者

　本表は、「甲欄の研究課㢟㸦文部科学省が公募する研究種目㸧について研究分担者として参画しようとする者又は令和㸰(2020)年
度に継続が予定されている研究課㢟㸦継続研究課㢟㸧の研究分担者となっている者」が、乙欄の研究課㢟に研究分担者として応募す
る場合の㔜複制㝈を示したものです。

新
学
術
㡿
域
研
究

协
研
究
㡿
域
提
案
型
卐

学術変㠉㡿域研究
㸦㸿㸧

学術変㠉㡿域研究
㸦㹀㸧

特
別
推
進
研
究

基
盤
研
究
协
㹑

)

挑
戦
的
研
究甲欄と同一の

研究㡿域
甲欄以外の
研究㡿域

甲欄と同一の
研究㡿域

甲欄以外の
研究㡿域

※　乙欄の新学術㡿域研究㸦研究㡿域提案型㸧について、総括班は計画研究と同様の㔜複制㝈となります。

基
盤
研
究
协
㸿

)

基
盤
研
究
协
㹀

)

基
盤
研
究
协
㹁

)

学術変㠉
㡿域研究
㸦㸿㸧

学術変㠉
㡿域研究
㸦㹀㸧

新学術㡿域研
究㸦研究㡿域

提案型㸧
計画研究

分担者

分担者

乙欄

甲欄

乙欄

甲欄
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古い書類だけど⼤きな違いはないはず



A

？
起源の謎

極限環境の物理現象
⾼エネルギー天体現象
最⼤加速エネルギー
注⼊・ 加速・逃⾛機構
暗⿊物質、未知の重粒⼦
原始ブラックホール蒸発

宇宙磁場中の伝播
銀河間磁場構造
銀河磁場構造
宇宙進化史

磁場
軽い

重い

星間物質反応
星間物質分布
宇宙線の拡散
ガンマ線⽣成
光光反応

ガンマ線

宇宙線 宇宙線



A

？
起源の謎

極限環境の物理現象
⾼エネルギー天体現象
最⼤加速エネルギー
注⼊・ 加速・逃⾛機構
暗⿊物質、未知の重粒⼦
原始ブラックホール蒸発

光⼦場中の伝播
光核反応断⾯積
宇宙空間の光⼦密度（背景放射・星）
星形成史
ローレンツ変換の検証

宇宙磁場中の伝播
銀河間磁場構造
銀河磁場構造
宇宙進化史

磁場
軽い

重い
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FIG. 1: Measurements of the isotopic ratio beryllium–10/beryllium–9 at high energy, plotted as a function of kinetic

energy per nucleon. The data is from ISOMAX [3] and (only preliminary) from AMS02 [2].
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FIG. 2: Ratio of the production rates of beryllium–10 and beryllium–9 plotted as a function of kinetic energy per nucleon.

The ratio is calculated assuming for the interacting cosmic ray particles the energy spectra measured by AMS02 [7], and

for the nuclear fragmentation cross sections the values tabulated in Evoli et al. [8] and those in the GALPROP code [11].

The calculation includes only the leading contribution of interactions with an hydrogen target.
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FIG. 14: Lower limit on the CR vertical halo size obtained from the AMS02 measurement of the beryllium isotopic ratio

calculated in the framework of the simple di↵usion model. The two estimates are obtained using the nuclear fragmentation

cross sections of Evoli et al. [8], and of GALPROP [11].

低エネルギー宇宙線
原⼦核種・同位体の精密測定が実現

同位体⽣成に必要な時間から伝播範囲
（銀河ハローサイズ）を推定

断⾯積モデルによって factor2の違い
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FIG. 12. Z = 8 projectiles: xO + H → A
ZX. (See Table XVI for citation codes and associated information.) This figure is continued on the

next page.
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酸素 + 陽⼦ -> 9Be⽣成断⾯積

⾼エネルギー宇宙線
銀河系内に広がった（閉じ込められた）宇宙線か
らの拡散ガンマ線観測が実現

⾼エネルギー宇宙線の伝播モデルで説明可
南半球では⼤きなモデル依存

the second model is assumed to be harder in the central
region of the Galaxy than that at Earth as indicated by the
observed spectral index of Galactic diffuse gamma rays in
0.1 < E < 100 GeV. This kind of scenario was also dis-
cussed elsewhere [31]. Both models can reproduce the
observed flux and spatial distribution of arrival directions
by Fermi-LAT in the GeV energy region. The predicted
gamma-ray spectrum above 1 GeV is also dominated by
the contribution from the hadronic interaction between the
interstellar matter and cosmic rays. It was concluded that
the contribution to the diffuse gamma rays from the IC
scattering and bremsstrahlung by relativistic electrons is
less than 5% compared with the hadronic process
above 100 TeV, considering the steep electron and positron
spectra with p ¼ −3.8 measured by high energy stereo-
scopic system (H.E.S.S.) [32], dark matter particle explore
(DAMPE) [33], and calorimetric electron telescope
(CALET) [34]. Another model [35] showed the IC scatter-
ing contribution in the low Galactic latitude is negligible
above 20 TeV.
Gray histograms in Fig. 2 show the prediction of

the space-independent model [8]. It is seen that the
distribution in Figs. 2(a) and 2(b) is overall consistent
with the model prediction. The distribution in Fig. 2(c)
observed in 398 < E < 1000 TeV looks broader than that
in Figs. 2(a) and 2(b), but it is also statistically consistent
with the prediction rebinned in every 5° of the Galactic
latitude (b).
Figure 4 shows the observed differential energy spectra

of diffuse gamma rays, compared with the model predic-
tions by Lipari and Vernetto [8] in which gamma-ray
spectra are calculated in (a) 25° < l < 100° and
(b) 50° < l < 200° along the Galactic plane, each in
jbj < 5°. The measured fluxes by the Tibet ASþMD
array are summarized in Table S2 in Supplemental Material
[22]. These fluxes are obtained after subtracting events
within 0.5° from the known TeV sources, and the system-
atic error of the observed flux is approximately 30% due to
the uncertainty of absolute energy scale [21]. We corrected
time variation of detector gain at each detector based on the
single-particle measurement for each run. The time varia-
tion of gamma-ray-like excess above 100 TeV in jbj < 5° is
stable within approximately 10%. It is seen that the
measured fluxes by the Tibet ASþMD array are compat-
ible with both the space-independent and space-dependent
models based on the hadronic scenario. As a leptonic
model, it is proposed that gamma-ray halos induced by the
relativistic electrons and positrons from pulsars explain
the Galactic diffuse gamma rays above 500 GeV [36].
However, the gamma-ray flux predicted by this model has
an exponential cutoff well below 100 TeV and is incon-
sistent with the observation by Tibet ASþMD array [see
Fig. 4(a)].
The observed flux in the highest-energy bin in

398 < E < 1000 TeV looks higher than the model

prediction, but it is not inconsistent with the model when
the statistical and systematic errors are considered. Above
398 TeV, the total number of observed events is ten
in each of 25° < l < 100° and 50° < l < 200°, which
includes the Cygnus region around l ¼ 80°. Interestingly,
four out of ten events are detected within 4° from the center
of the Cygnus cocoon, which is claimed as an extended
gamma-ray source by the ARGO-YBJ [37] and also
proposed as a strong candidate of the PeVatrons [38],
but not taken into account in the model [8]. If these four
events are simply excluded, the observed flux at the highest
energy in Fig. 4 better agrees with model predictions.
The high-energy astrophysical neutrinos are also a good

probe of the spectrum and spatial distribution of PeV
cosmic rays in the Galaxy [39,40]. According to Lipari and
Vernetto [8], the diffuse gamma-ray or neutrino fluxes
predicted near the Galactic Center (jlj < 30°) by the
space-dependent model are more than 5 times higher

FIG. 4. Differential energy spectra of the diffuse gamma rays
from the Galactic plane in the regions of (a) jbj < 5°, 25° < l <
100° and (b) jbj < 5°, 50° < l < 200°, respectively. The solid
circles show the observed flux after excluding the contribution
from the known TeV sources listed in the TeV gamma-ray catalog
[9], while the solid and dashed curves display the predicted
energy spectra by the space-independent and space-dependent
models by Lipari and Vernetto [8], respectively (see the text). The
dotted curve in (a) shows the flux predicted by a leptonic model
[36] in which gamma rays are induced by relativistic electrons
and positrons from pulsars. Solid squares in (a) and triangles with
arrows in (b) indicate the flux measured by ARGO-YBJ [17] and
the flux upper limit by the CASA-MIA experiment [18],
respectively. The error bar shows 1σ statistical error.

PHYSICAL REVIEW LETTERS 126, 141101 (2021)

141101-5

is qualitatively similar in different angular regions, however
the amount of absorption is largest for directions toward the
Galactic Center and minimum for directions toward the
Anticenter. This can be easily understood, noting that the
flux in directions toward the center has its origin in points
that are on average further away from the Earth.
The absorption effects are illustrated in a complementary

way in Fig. 10 that shows the longitude dependence of the
flux, after integration in latitude in the range jbj < 5°, for
three values of the energy: E ≃ 12 GeV, where absorption
is completely negligible, E ≃ 0.56 PeV where absorption is
significant, and E ≃ 1.8 PeV where absorption is largest. In
the figure the gamma-ray flux is rescaled to have a unit
value at jlj ¼ 180°, for a better visualization of the
absorption effects. As it is intuitively obvious, the flux
in directions toward the Galactic Center is more suppressed
by absorption than the flux toward the Anticenter.
It should be noted that the effects of absorption remain

always smaller than a factor of order 2, even in the case
where they are most important, that is for E of order
1–3 PeV, and directions toward the Galactic Center.

VII. MODEL 2: SPACE DEPENDENT CR SPECTRA

If one or more of the conditions listed in Sec. VI are not
satisfied, the spectra of cosmic rays can have a space
dependent shape. Most models for the e∓ spectra assume
that this is the case because the particles can lose a
significant amount of energy propagating from the sources
to distant regions of the Galaxy. For protons and nuclei that
have a much smaller jdE=dtj, energy loss effects are
expected to be negligible, but a space dependence of the
spectral shape can be generated by other mechanisms.

Some recent analyses of the Galactic diffuse flux
[6,20,21] conclude that there is some evidence for the fact
that cosmic rays in the central part of the Galaxy have a
harder spectrum than what is observed at the Earth, while
cosmic rays in the periphery of the Galaxy are (moderately)
softer. This effect can be described as a space dependence
of the spectral index of the gamma-ray emission. Figure 11
shows some estimates of the dependence of the gamma-ray
emission spectral index on the distance from the Galactic
Center. It has to be noted that a crucial problem in
establishing the existence of these effects is to take into
account the contribution of unresolved discrete Galactic
sources. This problem will be discussed in Sec. IX.
Aiming at the construction of a model as simple as

possible we have assumed that the spectral index at the
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FIG. 11. Spectral index of the gamma-ray emission as a
function of the distance from the Galactic Center for points on
the Galactic plane. The points are the estimates by Acero et al. [6]
and Yang et al. [21]. The dashed line is from Gaggero et al. [20].
The solid line is the model discussed in this paper for
E ¼ 12 GeV.
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reducing the impact of photodisintegration, which would
increase the mass overlap. At the same time, the maximal
rigidity Rmax is more constrained for EPOS-LHC than for
SIBYLL 2.3, again decreasing the impact of photodisintegration
(this is not directly evident from Figure 7).

The dofmin
2D is slightly worse when using EPOS-LHC

( 2.0x ) compared to SIBYLL2.3 ( 1.4x ), mainly because the fit
to the Xmax� § is worse. It is, however, not strong enough to
discriminate between these models, as the difference can be
somewhat alleviated by allowing for shifts in Xmax within the
systematic uncertainties. We did not include a proper treatment
of these systematics.

Our results also show the limitations of what can be inferred
from UHECR data alone. While the assumption of a generic
rigidity-dependent source candidate describes the data suffi-
ciently well, a strong degeneracy in the parameter space
remains. Extending the range of the fit to lower energies could
break this degeneracy but would require assumptions about the

extragalactic magnetic field and the transition to a (possibly)
Galactic component below the ankle, which means that it
would add more dof to the model.
With new data from future experiments, the situation is

expected to improve. For example, with better information on
the UHECR composition from the AugerPrime upgrade, the
parameter space will likely be more constrained. A significant
improvement of the photodisintegration and air-shower models
would be needed as well; otherwise, the ambiguity of the
interpretation among different models will remain, as indicated
by our results.

5.3. Injected Composition

An interesting and reoccurring question is the range of mass
compositions permitted by Auger data. While the composition
at observation is fixed (within the uncertainty of the air-shower
models and data), it can have significantly different interpreta-
tions in terms of the composition ejected from the source.

Figure 7. Parameter space in γ and m minimized over the third parameter Rmax for different combinations of disintegration and air-shower models. The color code and
contours are defined as in Figure 4. Rows from top to bottom: TALYS, PSB, PEANUT. Columns from left to right: SIBYLL 2.3, EPOS-LHC, QGSJETII-04. The
corresponding best-fit parameters can be found in Table 4 (the Appendix).
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Figure 14. Photodisintegration cross sections for total absorption by silicon-28 (left) and α-particle
ejection from carbon-12 (right) as predicted by various models. The measured data (yellow circles) are
from ref. [73] and [74] respectively. TALYS (default) refers to using default TALYS settings, TALYS
(restored) to using the GDR parameters listed in table 1.

B Models for extragalactic background spectrum

The spectrum of the diffuse extragalactic background radiation spans over 20 decades in
energy, from radio waves up to the high-energy gamma ray photons. It consists of light
emitted at all epochs, modified by redshifting and dilution due to the expansion of the
universe. The cosmic microwave background (CMB), the relic blackbody radiation from
the Big Bang, is the dominant background field, followed by ultraviolet/optical and infrared
backgrounds (extragalactic background light, EBL). In this work, several models for EBL
have been used; these models are included in the simulation codes for propagation with
different choices for considering how their spectral energy distribution evolves in redshift.

The understanding of the spectral energy distribution and redshift evolution of the EBL
requires studying the sources responsible for its production. Several different techniques are
used for this purpose. Kneiske et al. [47] report the present-day background intensity using
detailed information from galaxy surveys about global quantities as the cosmic star formation
rate. The work by Domı́nguez et al. [52] is observationally based on multiwavelength data.
Other authors (as for example Stecker et al. [48, 49]) use “backward evolution” of the present
day galaxy emissivity. On the contrary, “forward evolution”, which begins with cosmological
initial conditions and follows a forward evolution with time by means of semi-analytical
models of galaxy formation, is used in Gilmore et al. [27].

In figure 15 the intensity of the EBL at z = 0 (left) and z = 1 (right) as a function of
wavelength is shown, as predicted by the models used in this work (Gilmore 2012 [27] and
Domı́nguez 2011 [52]) and by the default EBL models used in SimProp v2r0 and CRPropa 2
(Stecker 2005 [48, 49] and Kneiske 2004 [47] respectively), as well as the Franceschini 2008
model [50] for comparison. It can be seen that all recent EBL models are in good agreement
concerning the EBL spectrum in the UV and optical region in the local universe, but they
still largely differ in the far IR region and at high redshifts. (Note that due to the 1/ε2

factor in eq. (2.1), the far IR region is the most relevant to UHECR propagation, and the
UV region has very little impact even for the Stecker 2005 model at high redshift where it
largely exceeds other models.)
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Figure 4. Flux (Top) and significance (Mid-panel) maps reconstructed at EAuger/TA > 40/53.2 EeV. The gray line indicates the Galactic
plane and the dark line the supergalactic plane. Bottom: Angular power spectrum at EAuger/TA > 40/53.2 EeV. See caption in Fig. 3 for
more details.
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>4x1019eV宇宙線の到来⽅向異⽅性

超⾼エネルギー宇宙線の到来⽅向異⽅性が⾒えてきた

起源天体の解釈は伝播（光核反応）モデルと空気シャワーの反応モデル
に強く依存
軽い原⼦核の光核反応は理論的にも実験的にも未解明
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Particle detectors usually do not publish air shower observables
but directly the interpretation in terms of elementary fractions,
and in that case only the differences between models with which
the data were analyzed can be used for a limited estimate of the
theoretical uncertainties. Results that were obtained with out-da-
ted interaction models like e.g. the AGASA measurements [159]
will be ignored in the following. Since usually only fractions of ele-
mental groups are quoted it is not obvious which value of lnAi to
assign in Eq. (29). To translate the data from Tibet AS c [89] into
hln Ai, we assume equal fluxes of protons and helium and assign
to ‘heavy’ fragments A = 32. However, we note that the chosen pro-
cedure of comparing fluxes from different measurement cam-
paigns with different event selection and energy calibration may
introduce additional systematic uncertainties particularly in view
of the steep power-law spectra involved, which we can not account
for here. For KASCADE-Grande [92], where the intermediate mass
group is composed of He, C, and Si, we again assume equal fluxes
and take the logarithmic mean of A ’ 12. For data that were ana-
lyzed in a simple bimodal proton/iron model like [101,99] the hln
Ai calculation is technically easy, but it is difficult to assess the sys-
tematic uncertainty arising from this simplified model. Data from
EAS-TOP are based on electrons and GeV muons [160] as measured
in the calorimeter at the surface as well as on electrons and TeV-
muons, the latter measured in MACRO [81]. Of all the experimental
particle detector results studied here, only Auger published the
measured air shower observables rather than their interpretation.
Since the average muon production depth and the rise time asym-

metries are well correlated with Xmax we assume that they also de-
pend linearly on hlnAi and can therefore use the air shower
simulations folded with the detector response from [117,110] to
estimate hlnAi from the equivalent of Eq. (30) for these variables.

The resulting energy evolution of hlnAi as derived from particle
detector data is displayed in Fig. 14 for different hadronic interac-
tion models. The upper and lower experimental boundaries from
optical detectors are indicated by the superimposed lines. As can
be seen, the systematic differences between experimental results
at low energies are considerably larger than in the case of optical
detectors spanning a range of up to Dhln Ai ! ± 1. Nevertheless,
all experiments below 1017 eV report a rise of hlnAi with energy
that could be reconciled with the hXmaxi results by an appropriate
rescaling. In the energy region toward the ankle, surface detector
data are sparse. The Haverah Park results tend towards a lighter
composition at 1018 eV, though with large statistical uncertainties.
At ultra-high energies only the surface detector data from Auger
are available for an interpretation with modern hadronic interac-
tion models. For both simulations, using QGSJETII and SIBYLL2.1, these
data are compatible with an increase of hlnAi above 1019 eV.

4. Search for neutral primaries

Measurements of neutral primaries, i.e. neutrons, photons, and
neutrinos provide additional crucial information about the acceler-
ation models and sources of cosmic rays as well as on their propa-
gation through the universe. Unlike charged cosmic rays they are
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Fig. 13. Average logarithmic mass of cosmic ray as a function of energy derived from Xmax measurements with optical detectors for different hadronic interaction models.
Lines are estimates on the experimental systematics, i.e. upper and lower boundaries of the data presented.

672 K.-H. Kampert, M. Unger / Astroparticle Physics 35 (2012) 660–678

宇宙線核種の反応モデル依存

⾼エネルギー宇宙線の原⼦核種決定は、重要かつ難しい課題

電磁相互作⽤（加速・伝播）はrigidity pc/Z~E/Zで決まる
原⼦核・ハドロン反応は E/Aで決まる。

なのに、空気シャワーは基本的にEしか測れない。

空気シャワーからA依存観測量を抜き出し核種推定するが、ハ
ドロン反応モデル依存性が⼤きい

LHCなら 𝑠 = 14𝑇𝑒𝑉（𝐸&'( = 10)*𝑒𝑉）で陽⼦陽⼦反応を検証
2024年には陽⼦酸素、酸素酸素衝突を予定
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図 4: 研究領域の構成

　研究領域の構成を図 4に示す。研究項目
Bの 3計画研究が原子核実験を進める。その
成果を研究項目 Aの 2つの理論計画研究に
集約し、最新の原子核理論を元にした宇宙
線の生成・伝播理論を確立する。確立した理
論と研究項目 Cで進める宇宙線観測実験が
双方向連携することで、理論パラメータの
決定、宇宙物理学、基礎物理学の研究を進め
る。黒矢印は実際には一方向の関係ではな
く、必要精度の決定など理論・実験の双方向
のやりとりで有機的な連携を実現する。
　上記の科学的成果を達成するために、総

括班の元に複数の支援班を置き、図 5に示す
ように領域内外との連携を進める。特に若手支援のため次のような施策を講じる。

• 総括班に海外旅費を多く配分し、各計画研究の当初予算に関わらず成果のあった若手が国際
会議で発表できるようにする。領域内公募制とし、領域全体での自身の研究の位置付けを認
識してもらう。

• 本領域の大きな特長は、高山の宇宙線観測から最先端の衝突型加速器施設まで、海外の特色
ある研究施設で日本が主導する小規模で機動的な実験的研究を進めることにある。これらの
施設に若手研究者を派遣し、異なるグループで共に実験、観測、時には建設を行うことで、
若手研究者の視野を広げ、将来の新しい研究の芽を育む環境を整える。

• 本領域のもう一つの特長は、インド・ボリビア・ルーマニア・南アフリカという自然科学分
野で成長中の国々との共同研究にある。これらの国の若手研究者と最先端の研究を進め、彼
らを日本に招聘することで、将来の世界の科学発展に貢献する。日本の若手研究者が 21世
紀の世界の人脈の中心となることを支援する。

図 5: 総括班による領域活動の支援

３）総括班、各研究組織の役割及び活動内容等
図 5に示す総括班内の支援班は具体的に以下の活動をする。また、総括班構成員の役割を表 2

に示す。


